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Abstract

Optimal red cell transfusion support in myelodysplastic syndromes (MDS) has not been tested and
established. The aim of this study was to demonstrate feasibility of recruitment and follow-up in an
out-patient setting with an exploratory assessment of Quality of Life (QoL) outcomes (EORTC QLQ-
C30 and EQ-5D-5L).

We randomised MDS patients to standardized transfusion algorithms comparing current restrictive
transfusion thresholds (80g/L, to maintain haemoglobin 85-100g/L) with liberal thresholds (105g/L,
maintaining 110-125g/L). The primary outcomes were measures of compliance to transfusion
thresholds.

38 patients were randomized (n=20 restrictive; n=18 liberal) from 12 participating sites in UK,
Australia, New Zealand. The compliance proportion for the intention-to-treat population was 86%
(95% confidence interval 75%-94%) and 99% (95%-100%) for restrictive and liberal arms,
respectively. Mean pre-transfusion haemoglobin concentrations for restrictive and liberal arms were
80g/L (SD6) and 97g/L (SD7). The total number of red cell units transfused on study was 82 in the
restrictive and 192 in the liberal arm. In an exploratory analysis, the five main QoL domains were
improved for participants in the liberal compared to restrictive arm.

Our findings support the feasibility and need for a definitive trial to evaluate the effect of different

red cell transfusion thresholds on patient-centred outcomes.



Introduction

Myelodysplastic syndromes (MDS) are heterogeneous malignant myeloid stem cell disorders (Cogle
et al, 2011). The incidence of MDS is rising as life-expectancy continues to rise and following
diagnosis most MDS patients will become red cell transfusion dependent (Sekeres et al, 2008).
Red cell transfusion dependency is associated with decreased overall and leukaemia-free survival in
MDS, independent of cytogenetic risk groups, and with a reduced quality of life (QoL) (Malcovati et
al, 2011; de Swart et al, 2019; Jadersten et al, 2005). The European MDS (EUMDS) Registry program
has also demonstrated inferior QoL and decreased health utility in transfusion-dependent compared
with transfusion-independent patients (Stauder et al, 2018). Although haemoglobin concentration is
reported to have the greatest impact on QoL in MDS patient (Stauder et al, 2018), optimal
transfusion support in MDS has not been established and it remains unclear whether different red
cell transfusion policies would modify clinical outcomes, QoL and functional measures. Lower
haemoglobin concentrations may simply be surrogates for more advanced disease, with inferior QoL
scores attributable to other disease manifestations (like infections or bleeding) and not to lower

haemoglobin values per se.

A typical haemoglobin concentration used clinically to guide red cell transfusion thresholds in MDS is
around 80g/L, as described by results from a UK national audit (https://hospital.blood.co.uk
/audits/national-comparative-audit/) and a survey in Australasia (Mo et al, 2017). The EUMDS
registry found the most common threshold across Europe to be 80g/L, although this varied from
country to country (data across the 21 EUMDS centres in the UK indicated a mean of 84g/L) (Stauder
et al, 2018). These thresholds for red cell transfusion acknowledge the general goals of transfusion
which are to minimize exposure to blood as a biological agent with risks, and to transfuse only at
lower haemoglobin thresholds to prevent serious complications like congestive heart failure. In
some settings including cardiac disease, higher transfusion thresholds may be beneficial (Docherty
et al, 2016), but no strategy for red cell transfusion has been tested in clinical trials in MDS, and
restrictive thresholds may come at the cost of reduced physical function and increased symptoms
of fatigue and dyspnoea (Buckstein et al, 2011). Data from trials comparing different transfusion
thresholds in transfusion-dependent outpatients with MDS are essential to define an optimal policy
for red cell transfusion and hence the ‘standard of care’ against which the benefits of new disease-

modifying therapies in MDS would be established.”

Although randomized trials have been conducted in patients with acute critical illness anaemia,

there are no completed trials in the outpatient setting for transfusion-dependent patients (Carson et



al, 2018), and little data in general about the value of outpatient transfusions (Lin et al, 2019).
Before embarking on multi-centre randomized controlled trials to definitively define optimal
transfusion policies, we aimed to demonstrate feasibility of recruitment and follow-up in an out-
patient setting for an elderly patient population, and with an assessment of implementation and
adherence to a standardized transfusion protocol (both nationally and internationally). We aimed to
compare a typical current restrictive red cell transfusion threshold with a liberal threshold that
maintains a higher haemoglobin concentration, which may be associated with improved function
and Qol, given emerging data that a haemoglobin concentration level of > 100 g/L appears to be a

key threshold for improvement in functioning and symptom scores (Buckstein et al, 2011).

Methods

Selection of sites and participants

Investigators and clinical trial sites were selected based on clinical and research interests in the
target population, and support from local hospital transfusion services. Patients were eligible for
enrolment if they fulfilled the following inclusion criteria: 1) A diagnosis of MDS based on the WHO
criteria (Swerdlow et al, 2008), > 18 years of age and < 20% blasts on bone marrow aspirate,
including non-proliferative CMML and other MDS/MPN overlap diseases; 2) transfusion dependent,
defined as at least 1 red cell transfusion episode per month in the last 8 weeks; and 3) life
expectancy > 6 months. Exclusion criteria were: 1) Unable, in the opinion of the attending clinician,
to tolerate restrictive or liberal red cell transfusion thresholds (e.g. clinically significant cardio-
respiratory compromise) or clinically significant bleeding or haemolysis (defined pragmatically by
clinicians); 2) Poor performance/functional status (Eastern Cooperative Oncology Group system
ECOG 23); 3) Treatment with erythropoiesis stimulating agents (ESAs) or disease-modifying agents
for their MDS (as use of these agents would complicate the analysis of the effect of the transfusion
intervention); 4) Patients with idiopathic myelofibrosis or clinical splenomegaly (>5cm below the

costal margin).

Randomization and masking

Following screening, and after the patient was consented following informed discussion, patients
were transfused red cells to achieve a haemoglobin concentration of at least 100 g/L during a six-
week run—in period. The study coordinator randomized the patient to the liberal or restrictive arms
using sealed opaque envelopes. A computer-generated randomization schedule was prepared
centrally by the study statistician, which was of a stratified block design. The schedule was stratified

by centre with block sizes of 2 and 4, and the allocation to treatment groups was a 1:1 ratio. The



opaque sealed envelopes for each site were prepared from the schedule by an independent
member of the clinical trials unit. Envelopes were opened in sequential number order. Patients were
blinded to treatment arm and haemoglobin, but not to transfusions; investigators and clinicians

were unblinded to treatment allocation.

Transfusion policies (Figure 1)

Two red cell transfusion strategies were applied for the 12-week study period (day O to day 84). Day
0 represented the date of randomization and Day 7 the first clinic visit to implement the allocated
transfusion algorithm. Participants were randomized to either:

1. Restrictive transfusion strategy to maintain haemoglobin concentration between 85 and 100 g/L,
where 2 units of red cells were transfused when the haemoglobin concentration was < 79g /L and 1
unit of red cells when the haemoglobin concentration was 80 — 85 g/L inclusive.

2. Liberal transfusion strategy to maintain the haemoglobin concentration between 110 and 125g/L,
where 2 units of red cells were transfused when haemoglobin concentration was < 104 g/L and 1

unit of red cells when haemoglobin concentration was 105 — 110 g/L inclusive.

The dose of red cells to be transfused and the schedule for clinic attendance were directed by the
red cell transfusion algorithm, specifically created for this trial (Figure 1). Red cell transfusions were
given within 3 days of the laboratory results for haemoglobin concentrations. A follow-up visit was
scheduled in 1 week if the patient had pre-transfusion haemoglobin of < 70 g/l in the restrictive, or <
95g /L in the liberal arm. Otherwise, the algorithm mandated follow-up in 2 weeks. Transfusion of
red cells outside the assigned red cell transfusion threshold was permitted if clinically indicated at
the treating physician’s discretion (e.g. severe bleeding, or if the haemoglobin was significantly
below the minimal threshold). If admitted for in-patient care, patients would continue to be
transfused as per their assigned strategy. Reasons for additional transfusions, inconsistencies or

deviations from protocol adherence were documented.

Red cells (leucocyte-depleted, in additive solution, SAG-M: saline adenine glucose mannitol),
conformed to standard national specifications similar between Australia, UK and New Zealand. The
red cell units were requested from the hospital transfusion laboratory in accordance with local

hospital procedures.

Data Collection and quality of life



Data collection was the responsibility of the local clinical team, principal investigator and research
personnel. Data was recorded on paper-based case report forms (CRFs). The trial database was
desighed on MACRO™, a clinical trial data management system, by the CTU Data Management team
and hosted securely within NHS Blood and Transplant (NHSBT). Data were entered into the trial
database centrally by CTU staff and verified at site monitoring visits.

Participant characteristics collected at the time of informed consent included: participant age and
sex, WHO diagnosis, date of diagnosis, results of full blood counts and bone marrow assessments, a
record of baseline haemoglobin concentrations 2-5 years prior to diagnosis of MDS (if available),
duration of dependence on red cell transfusions and history of iron chelation therapy. Data collected
at later scheduled trial visits included clinical assessment (relevant medical history), dose of
transfused red cells, haemoglobin concentration, ferritin, markers of liver function, and serious
adverse events (SAEs). The EORTC QLQ-C30 and EQ-5D-5L were used to collect pre-transfusion
(presumed nadir haemoglobin concentration) and one-week post transfusion QoL data to assess
longitudinal changes related to red cell transfusion. Appropriate permission from the owners of
these questionnaires was obtained. Maintenance of blinding was assessed during the trial as one of
the study sub-objectives by asking “Which arm of the study do you think you are in?” at day 28
(week 4), day 56 (week 8) and day 84 (week 12).

Safety Reporting

As this was a trial using red cells, adverse events related to transfusion were collected, in addition to
standard reporting of adverse events. Acute transfusion reactions to red cell blood components
were defined as described in Serious Hazards Of Transfusion (SHOT, https://www.shotuk.org/).
Serious Adverse Events (SAEs) were defined as: hospitalization, admission to intensive care unit,
severe sepsis, disease progression, major organ dysfunction (single or multi-organ), transient

ischemic attack, thromboembolic and ischemic events, as per CTCAE definitions.

Outcomes
The primary outcomes of this feasibility study, from day O to day 84, were:
e The percentage of pre-transfusion haemoglobin concentrations below the target range of the
assigned red cell transfusion strategy (‘compliance to treatment threshold’)
e Achievement of at least a 20 g/L difference between the mean pre-transfusion haemoglobins in

the liberal and restrictive strategy groups



We pre-defined that we would consider this study feasible and would consider further development
into a larger randomized trial if ‘compliance to treatment threshold’ was 2 70% in both arms, with
evidence that a difference in haemoglobin concentrations in the liberal and restrictive strategy

groups was achieved.

Secondary outcomes included: Number of patients ineligible, enrolment rates, proportion of
transfusions given correctly according to algorithm, percentage compliance with completing the QoL
guestionnaires pre-transfusion and one week after transfusion, magnitude of changes in QolL, ability
of patients to remain blinded to the treatment arm, overall utilization of blood, and numbers of
adverse events including those potentially related to the transfusion threshold such as cardiac
ischemic events, congestive heart failure, cerebrovascular accidents, thromboembolic or syncopal

events.

Statistical Considerations

We proposed a sample size of 38 evaluable patients (19 patients each arm) to determine feasibility.
This was guided by differences and standard deviations from data in a Cochrane systematic review
of red cell transfusion thresholds (Carson et al, 2012). Power calculations based on a two-sided t-
test, and a significance level (alpha) of 0.05, indicated that a sample size of 17 patients per arm
would have 80% power to detect a 20 g/L difference between the two transfusion strategies. After
allowing for a dropout rate of 10%, the total sample size was 38, with an equal distribution between

treatment arms.

The main analysis was intention to treat (ITT). The primary outcomes and two secondary outcomes
(percentages of pre-transfusion haemoglobin concentrations falling below, within and above the
target range of the red cell transfusion threshold assigned and magnitude of change of scores for
Qol) were replicated per-protocol. The per protocol (PP) analysis excluded those participants who
were randomized in error or were not compliant with the threshold, which was defined as: any
transfusions received when their haemoglobin had not dropped below the threshold, or who did not
receive transfusions when their haemoglobin did drop below the threshold (85 g/L restrictive arm or

110 g/L liberal arm).

Primary and secondary outcomes were presented by treatment arm as numbers, percentages,
means and medians, with exact 95% confidence intervals, standard deviations and interquartile
ranges (IQR), as appropriate. As this was a feasibility study powered only to detect a difference

between treatment arms in the mean pre-transfusion haemoglobin, statistical testing was



performed for the primary outcomes only and no other statistical testing or modelling was
conducted. A p-value of less than 0.05 was considered to be statistically significant. SAS version 9.4

was used to conduct analyses.

For the primary outcome, the percentage compliance of pre-transfusion haemoglobin
concentrations being below the target range of the red cell transfusion threshold assigned was
presented by allocation arm, with an exact 95% confidence interval. The mean pre-transfusion
haemoglobin level for each participant was calculated over the 12-week period, then two overall
means were calculated for the restrictive and liberal groups, and the difference (with 95%
confidence interval) compared using a t-test. The mean difference and 95% confidence interval were
used to assess whether a pre-specified 20g/L difference between the arms was achieved. An
additional post-hoc analysis (adjusted sum of squares) was undertaken to explore the variation in
amplitude of haemoglobin measurements per participant for those in the restrictive arm compared

to the liberal arm.

The minimum number for QoL analysis was defined as a completed QoL questionnaire before the
first trial transfusion after randomization (treated as baseline) and at least one other questionnaire,
both of which were of the same type (either both EORTC QLQ-C30 or EQ-5D-5L). Scores on the
EORTC questionnaire range between 0 and 100. For the descriptive part of EQ-5D-5L, index values
were calculated (van Nout et al, 2012) to give a single score that ranges from -0.594 to 1. The
median and interquartile range of EQ-5D and EORTC QLQ-C30 scores for each arm were calculated.
In addition to aggregate data, the percentages of patients individually achieving a clinically
meaningful improvement, at any time point, compared to the baseline score, in each of the two
strategies are presented. For this trial, clinically meaningful differences were pre-defined for the
QLQ-C30 and EQ-5D as 10 and 0.08 points respectively (Maringwa et al, 2011; Luo et al, 2010; Cocks
et al, 2011). In a post-hoc analysis, the standardized area under the curve (SAUC) was assessed for
the key QoL outcomes, which allowed the longitudinal measurements per participant to be

summarized.

Governance and ethical approvals
This study (ISRCTN26088319) was undertaken according to the Declaration of Helsinki and Good
Clinical Practice principles. The protocol was approved by independent ethics committees in the UK

(REC: 14/SC/1150), New Zealand (15/NTA/218) and Australia (HREC/15/MonH/144).. An



independent data monitoring committee reviewed the data analysis and monitored patient safety

by reviewing data every 6 months.

Role of funding source
The sponsor and funders had no role in the collection, analysis and interpretation of data, the

writing of the report or the decision to submit

Results

Patient recruitment and baseline characteristics

38 patients were randomized from 12 hospitals (n=20 restrictive; n=18 liberal) at participating sites
in UK, Australia and New Zealand between February 2015 — July 2017. The proportion of patients
screened and randomized is summarized in the CONSORT diagram (Figure 2). Two patients were
randomized in error as not red cell transfusion dependent by the protocol definition, but both were
included in the intention to treat analyses. The median number of participants randomized per
month was 1 (IQR 1-2). The median age of randomized patients was 79 years (IQR 69-82). Although
generally well matched, there were minor imbalances in baseline characteristics between arms

(ECOG status, WHO subtype, prior iron chelation and heart failure medication; Table )

Primary outcome: haemoglobin

Pre-transfusion haemoglobin concentrations from all randomized participants who had received any
transfusions were included in the ‘compliance to treatment threshold’ analysis (34 participants in
the ITT population). The percentage compliance and exact 95% confidence intervals for the intention
to treat population were 86% (75%-94%) and 99% (95%-100%) for the restrictive and liberal arms

respectively. As compliance was = 70% in both arms, the study was declared feasible.

The mean (standard deviation) pre-transfusion haemoglobin concentration for the restrictive and
liberal arms were 80 (6) g/L and 97 (7) g/L for the ITT population. The t-test was highly significant for
both ITT and PP analyses (p<0.0001) indicating a difference in the mean pre-transfusion
haemoglobins between the two arms of the trial. The difference in mean pre-transfusion
haemoglobins between arms for the ITT population was 16.7 g/L, with a 95% confidence interval of
14.6-18.8. Figure 3 shows the mean (+SD) haemoglobin by week for all randomized participants by

treatment arm.



To assess the degree of fluctuation in haemoglobin concentration, the variation in amplitude of
haemoglobin measurements for each participant relative to their own mean haemoglobin was
computed (adjusted sum of squares; post-hoc analysis). There was greater variation in amplitude of
haemoglobin measurements per participant for patients in the restrictive arm (median 72, IQR 47-

116) compared to the liberal arm (median 34, IQR 32-58).

Use of red cells

The total number of red cell units transfused on study, and total transfused after randomization, was
82 and 58 in the restrictive group and 192 and 105, respectively, in the liberal group. The median
number of RBC units transfused per participant overall was 8 (IQR 5-11); with a median of 6 (IQR 4-
7) in the restrictive arm and 11 (IQR 8-14) in the liberal arm. The median number of red cell units
transfused for each participant per 4 weeks after the haemoglobin concentration first dropped
below the threshold for transfusion was 3 (IQR 3-4) overall, with a median of 3 (IQR 2-3) in the
restrictive arm and 4 (IQR 3-5) in the liberal arm. A graphical plot to illustrate the timing and volume
of all red cell transfusions is shown in Figure 4. The median number of days between transfusions
was 14 (IQR 11-21) in the restrictive arm and 14 (IQR 7-14) in the liberal arm, with a shift towards a

shorter transfusion interval in the liberal arm.

Protocol deviations and per-protocol analyses

We defined strict measures of compliance in this first trial in an out-patient setting, and identified
that the majority of patients in both arms deviated at some point from the protocol algorithm when
assessed by threshold, dose and timing of transfusion for all reasons (although there was evidence
of a significant difference in haemoglobin concentration attained between arms as described
above). The overall number of transfusions given exactly according to the protocol (for threshold,
dose and timing) was 19 (33%) in the restrictive arm and 66 (63%) in the liberal arm. Where a reason
was specified for transfusing outside the algorithm, the most commonly stated reasons were
participant symptoms (more common in the restrictive arm), holiday plans and other clinical
discretion. A per protocol analysis of patients indicated a mean (standard deviation) pre-transfusion
haemoglobin concentration for the restrictive and liberal arms at 80 (5) and 97 (7) respectively (10
patients). The difference in mean pre-transfusion haemoglobins between arms for the ‘per-protocol’

population was 17.1 g/L, with a 95% confidence interval of 12.1-22.1.

Quality of life and blinding
Completion rate for EQ-5D-5L and EORTC QLQ-C30 questionnaires was high (70 — 80%). The number

of participants achieving a (pre-defined) clinically meaningful increase showed small improvements
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favouring the liberal policy across the following domains (EQ-5D-5L descriptive; EORTC QLQ-C30:
fatigue and global health score). For example, for the fatigue domain, 9 participants (50%) showed
an improvement in the liberal arm compared to 5 (30%) in the restrictive arm. In a post-hoc analysis
the SAUC indicated that all five main QoL outcomes were improved for participants recruited in the
liberal arm compared to the restrictive arm (see Table Il).

Blinding of participants is an important determinant of interpretation of QolL. Blinding appeared to
be well maintained, such that less than a third of participants correctly guessed their treatment arm
at all three time points during the trial: 10/36 (28%), 9/34 (26%), and 9/32 (28%) at day 28, day 56
and day 84.

Safety and other outcomes
Of 8 serious adverse events reported, 1 was deemed potentially related to transfusion (heart failure,

restrictive arm) although this patient had multiple additional co-morbidities.

Discussion

In this feasibility randomized trial, we successfully recruited an older out-patient-based MDS
population and applied different red cell thresholds for transfusion, meeting our primary feasibility
outcome of at least 70% of transfusions with pre-transfusion haemoglobin below the target range.
There was evidence of significant separation in mean haemoglobin (of 16.7 g/L) between treatment
arms. Taken together, our findings support the feasibility of a definitive trial to evaluate the effect of

different red cell transfusion thresholds on patient-centred outcomes.

Our results suggest that aiming for a higher haemoglobin concentration will require significantly
more transfusions to maintain that level. The difference in units transfused between the two arms
(Figure 4) challenges the perceived dogma that once a certain level of haemoglobin is attained, the
red cell requirement will be broadly similar irrespective of haemoglobin. In a study using human
growth factors and/or red cell transfusions to increase haemoglobin, the Nordic group (Nilsson-Ehle
et al, 2011) authors demonstrated that patients who were transfusion dependent at study entry did
not appear to require significantly more red cell transfusions to maintain the higher target
haemoglobin concentration than during the pre-study period. Our findings on red cell usage also

mandate the need for a cost-effectiveness component in any follow-on trials.
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Important learning points were addressed during our assessment of the feasibility and applicability
of this algorithm. There are challenges achieving strict compliance with a transfusion protocol in an
out-patient setting, and adequate funding (more than we had in this pilot study) is necessary to
address full trial support including prospective monitoring of the transfusion algorithm and review of
reasons for non-compliance. In our first trial in an out-patient setting we defined strict criteria for
assessing compliance, and these reasons for non-compliance were varied. Nevertheless, overall, we
still identified significant difference in haemoglobin concentrations between arms for recruitment
across multiple sites including internationally. The small number of patients recruited at each site
likely reflects a limited pool of potentially eligible transfusion-dependent patients at hospitals as well
as the challenges of recruitment in an elderly population some of whom may not wish to consider
changes to their established transfusion schedule. For these reasons, recruitment was extended to
new sites after the start of the trial and this indicates the need for national and international

collaboration in larger trials.

Although exploratory, there were a number of suggestions in our findings that higher haemoglobin
thresholds might be associated with improved Qol, including the area under the curve analyses
(Jasnsen et al, 2003). This finding is consistent with a very recent prospective observational study in
which use of red cell transfusion was linked to modest benefits for measures such as a walk test and
fatigue scores in a cohort of haematology/oncology outpatients (Lezin et al, 2019). Our results
support the need to consider not just haemoglobin concentration, but also the magnitude of
deviation in haemoglobin concentration, as demonstrated in our analysis of sum of squares. These
Qol findings may have their basis in the smoother trajectory of haemoglobin concentrations with
more liberal transfusion policies and appear consistent with an earlier modelling analysis reported
by Caocci and colleagues (Caocci et al, 2007). Hellstrom-Lindberg have also evaluated Qol in
anaemic patients with MDS receiving ESAs, using the EORTC QLQ-C30 (Hellstrom-Lindberg et al,
2003). These authors demonstrated that at baseline, MDS patients had very significant impairment
in most of the functioning scores, and the patients who achieved a complete response/partial
response with ESAs had significant improvement in domains such as global QoL and fatigue, as
compared to those who did not respond. Stasi et al (2005) used the FACT-An scale to demonstrate
similar improvements in QoL with haemoglobin increase using Darbepoetin alfa. An earlier
systematic review of QoL and use of red cell transfusion in MDS identified only small studies with
heterogeneous use of QoL instruments, and poorly defined transfusion protocols (Pinchon et al,
2009); and most published studies have applied general validated instruments to measure Qol,

including the EQ-5D, EORTC QLQ-C30 and FACT-Fatigue/Anaemia (Rabin et al, 2001).
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Our study was small and designed as a first feasibility trial in an out-patient setting, with
pragmatically defined inclusion and exclusion criteria, and some baseline imbalances were noted, as
expected. The predefined feasibility threshold for haemoglobin difference (20g/L) was not quite
reached; nonetheless, the difference in haemoglobin was highly statistically, and possibly clinically,
significant. Thirty-four, but not all, participants received at least one transfusion during the trial and
were included in the ‘compliance to treatment threshold’ analysis. Repeated measurements on the
same participant has not been accounted for in the analysis, as it was not considered appropriate for
a small-scale feasibility trial. We also acknowledge that outcomes assessors were not blinded in
this study and that reasons were not collected on why patients were not consented, which may
have helped further understand rates of enrolment. Finally, we recognise that our trial protocol is
based on thresholds for haemoglobin concentration, which may not directly relate to management

in some patients which may be individualized based on symptoms.

In summary, research is required in order to evaluate the comparative and cost-effectiveness of
different transfusion policies in MDS. All randomized trials of red cell transfusions to date have been
undertaken on inpatients, not outpatients (Carson et al, 2018) and few studies have specifically
evaluated an older population (Thein et al, 2009). Studies need to consider the associated risks of
volume and/or iron overload and infection, as well as other potential transfusion complications in
groups of patients allocated to more intensive transfusion schedules, in addition to the
inconvenience of lengthy visits to transfusion outpatient departments. On the other hand, reduced
overall survival that has been suggested in MDS patients with haemoglobin concentrations <80g/L in
females and <90g/L in males mostly due to cardiac deaths (de Swart et al, 2019) makes further study

into potential benefits (including Qol) for higher haemoglobin thresholds warranted.
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Table | Baseline characteristics, data are n (%) or median (interquartile range)
as appropriate

Restrictive (n=20) Liberal (n=18)
Male 13 (65) 14 (78)
Age (years) at registration 79 (69-82) 80 (69-84)
Ethnicity

White 18 (90) 14 (78)

Black 0 (0) 1 (6)

Chinese/East Asian 0 (0) 0 (0)

Hispanic 0 (0) 0 (0)

Asian 1 (5) 0 (0)

Mixed 0 (0) 0 (0)

Other 0 (0) 3 (17)

Not stated 1 (5) 0 (0)
ECOG status at randomization

0 3 (15) 9 (50)

1 16 (80) 8 (44)

2 1 (5 1 (6)
Height (cm) at registration 166 (158-175) 172 (160-173)
Weight (kg) at registration 76 (65-88) 72 (70-85)
MDS diagnosis*

RCUD-A 3 (15) 2 (1)

RCUD-N 0 (0) 0 (0)

RCUD-T 0 (0) 0 (0)

RARS 2 (10) 1 (6)

RCMD 11 (55) 7 (39)

RCMD-RS 2 (10) 4 (22)

RAEB-1 0 (0) 1 (6)

RAEB-2 0 (0) 1 (6)

5q 0 (0) 0 (0)

MDS-U 1 (5 1 (6)

MPNS 1 (5 1 (6)
Years dependence on red cells at 1 (1-4) 1 (1-2)

registration

Previous medical history*
Myocardial infarction
New or worsening angina
Stroke
Transient ischemic attack
Red cell alloantibodies
Iron chelation treatment
Prior therapy for MDS
On heart failure medication

O~NOOOOOIN-_OM
—
N
a
OWONN-_200N
—
-_—
—_—

On cardiovascular disease 1 (50 (44
medication
Number of red cell units transfused 5 (4-7) 4 (4-8)

per participant in the 8 weeks prior
to enrolment

IPSS-R at enrolment

Very Low 5 (25) 2 (1)
Low 8 (40) 9 (50)
Intermediate 2 (10) 2 (11)
High 1 (5 3 (17)
N/A 4 (20) 2 (11)

Footnote: MDS diagnosis according to WHO; IPSS reference
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Table Il: Standardized Area Under the Curve for the key quality of life outcomes. Data
are median (interquartile range)

Restrictive Liberal Overall
(n=20) (n=18) (n=38)
EQ-5D-5L: Descriptive part 0.76 (0.51-0.81) 0.83(0.69-0.86)  0.78 (0.68-0.86)
(Higher is better)
EORTC QLQ-C30: Physical functioning 61 (50-86) 69 (48-94) 68 (50-86)
(Higher is better)
EORTC QLQ-C30: Fatigue 38 (33-54) 34 (14-66) 37 (21-63)
(Lower is better)
EORTC QLQ-C30: Dyspnoea 42 (31-64) 25(1-77) 40 (12-67)
(Lower is better)
EORTC QLQ-C30: Global health scores 63 (60-75) 70 (53-87) 68 (56-76)

(Higher is better)
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Figures legends

Figure 1:
Study Schema and algorithm for transfusion

Figure 2:
CONSORT diagram

Figure 3:

Graph of mean (¥SD) haemoglobin by week for all randomized participants by
treatment arm. This uses all haemoglobins reported on study visits (i.e. day 0, 7, 28,
56 and 84) and all pre-transfusion haemoglobins (i.e. the haemoglobins reported prior
to each transfusion).

Figure 4

A bubble plot to display timing and volume of red cell transfusions before and after
day of randomization in each arm
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Figure 1: Study Schema and algorithm for transfusion

Consent & Enrol
Run-in period of up to 6 weeks until
target (haemoglobin) Hb level
reached

\ 4

Randomize when at
least one Hb above

100g/L achieved
Yes No
Randomize
Continue allocated Patient not
red cell transfusion randomized
policy until end of
week 12 (day 84)

Restrictive arm: Maintain pre- Liberal arm: Maintain pre-
transfusion Hb 85-100g/L transfusion Hb 110-125¢g/L
Next clinic, measure pre-transfusion Hb: Next clinic, measure pre-transfusion Hb:
Hb < 70g/L, transfuse 20, return 1/52, Hb < 95¢g/L, transfuse 20, return 1/52,

Hb 70- 79 g/L, transfuse 20, return 2/52 Hb 95 - 104g/L, transfuse 20O, return 2/52
Hb 80 — 85¢/L, transfuse 10, return 2/52 Hb 105 - 110g/L transfuse 10, return 2/52
Hb > 85 no transfusion, return 2/52 Hb > 110 no transfusion, return 2/52




Figure 2: CONSORT diagram
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Figure 3: Graph of mean (¥SD) haemoglobin by week for all randomized participants
by treatment arm. This uses all haemoglobins reported on study visits (i.e. day 0, 7,
28, 56 and 84) and all pre-transfusion haemoglobins (i.e. the haemoglobins reported

prior to each transfusion).
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Figure 4: A bubble plot to display timing and volume of red cell transfusions before
and after day of randomization

Bubble plot showing for each participant when RBC transfusions were received, in the 6 weeks pre
randomisation and the 12 weeks post randomisation
The size of the bubble indicates the number of units which were transfused (smallest=1 unit, largest=3 units)
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