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Summary

Optimal red blood cell transfusion thresholds for children with bone marrow failure
are uncertain; a previous study was stopped following concerns about veno-occlusive
disease. The aims of this study in allogeneic haematopoietic stem cell transplant
(HSCT) were to assess feasibility of recruitment and protocol adherence (primary
outcomes) for different haemoglobin (Hb) transfusion thresholds, and to describe
safety and present exploratory data on quality of life (QoL). Children aged =1 to
<18 years were randomized to restrictive Hb transfusion thresholds of 65 g/L (restric-
tive) vs. 80 g/L (liberal) for HSCT days 0-100. Thirty-four patients were randomized
at four UK HSCT centres, 17 in each arm. 48.6% (34/70) of eligible patients were
recruited (target 250%), with high levels of protocol adherence: % (1/N) [95% CI] in
the restrictive and liberal arms were 99.2 (961/969) [98.6, 99.7] and 97.2 (1131/1164)
[96.2, 98.1] respectively (target 270% each arm). The mean pre-transfusion Hb was
16.3 g/L higher in the liberal than in the restrictive arm. Feasibility to measure QoL
was demonstrated with no evidence of more fatigue in the restrictive arm. Although
the study was not powered for clinical outcomes, the findings suggest that some pop-
ulations may be able to safely tolerate anaemia levels below 70 g/L, the most common
restrictive transfusion threshold.
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INTRODUCTION

In the United Kingdom (UK), the recent infected blood in-
quiry" has reiterated the importance of understanding harm
related to blood transfusions, a biological agent. Trial evi-
dence to inform when to transfuse anaemic children, given
both risks and benefits,”” is dominated by the findings of
one threshold randomized trial in the setting of paediatric
intensive care (PICU).* This trial recruited around 20 years
ago, did not distinguish children with underlying bone mar-
row failure due to cancer/haematopoietic stem cell trans-
plant (HSCT) nor include quality of life (QoL) outcomes.
The only completed trial in children with cancer is a small
randomized controlled trial (RCT) in paediatric HSCT
which compared Hb thresholds of 120 vs. 70g/L but only
enrolled six patients given an imbalance of veno-occlusive
disease (VOD).” Although a (restrictive) threshold of 70 g/L
is often considered standard for many patient populations
(outside neonates), children and young adults are likely to
safely tolerate lower Hb thresholds. A large transfusion trial
in children with uncomplicated severe anaemia due to ma-
laria recruited once the Hb was below 60g/L,° and a recent
trial in asymptomatic young adults following orthopae-
dic trauma compared Hb transfusion thresholds of 55 vs.
70g/L.

With this background, a feasibility parallel RCT, with a
restrictive arm below 70g/L, was planned in paediatric al-
logeneic HSCT to assess recruitment and adherence to the
protocol, describe safety and present data on relevant QoL
outcomes.

METHODS
Study participants

Eligible patients at the four study sites were children
planned to undergo allogeneic HSCT, aged 1 and <18 years
at consent, anticipated to require red blood cell (RBC)
transfusions. Exclusion criteria were: (1) children judged
by their clinician inappropriate to be allocated to either
study arm, (2) HSCT for haemoglobinopathy or red cell
aplasia. Feedback from parents and the public was taken
into account during protocol development. Participants
were randomized prior to Day 0 of HSCT (DO of study)
in a 1:1 ratio stratified by site. The study was unblinded.
Safety reporting included adverse events related to trans-
fusion (Supplementary Methods).

Transfusion policies

Participants were randomized to one of two Hb transfusion
thresholds for the study period (HSCT DO to D100), either
Hb <65g/L (restrictive) or <80g/L (liberal; Figure 1). RBC
transfusion volume (mL/kg) was calculated to achieve a Hb

rise of 20g/L (8 mL/kg) above the threshold, a maximum of
one adult-sized RBC unit unless symptomatic (2 units for
outpatients). The protocol applied for inpatient and outpa-
tient transfusions at study centres (Supplementary Methods).
The Hb thresholds for this trial were informed by UK audit
data that reported a median (IQR) pre-transfusion Hb of
74g/L (67-80),% similar to a Canadian oncology centre Hb
of 72 g/L (68-76).

Data collection

Baseline clinical characteristics collected were age at con-
sent, sex, HSCT indication, type and conditioning (ablative
vs. non-ablative). Height, weight, comorbidity details (using
an HSCT co-morbidity score modified for paediatrics)'® and
any record of red cell alloimmunization were obtained on
the admission day for HSCT.

Inpatient data recorded daily were platelet transfusions,
major bleeding (modified WHO grading), thromboembolic/
ischaemic events, acute transfusion reactions. HSCT tox-
icity scored was acute graft-versus-host disease (aGvHD,
highest grade by D100), modified Bearman toxicity (collated
weekly and at discharge up to D28, with analysis of maxi-
mum scores)'! and veno-occlusive disease (VOD, presence/
absence within the first 21 days of HSCT; modified Seattle
criteria)'?; see Supplementary Methods.

Outpatient Hb and transfusions were collected post-
discharge, and summary data on death, aGvHD and VOD
at D100. The length of initial inpatient stay from DO was not
explicitly collected but estimated using the number of days,
from randomisation, of continuous reporting of inpatient
Hb measurements.

Quality of life

QoL assessments using the Behavioural, Affective and
Somatic Experiences Scale (BASES) tool'>!* were at consent,
weekly from D7 for inpatients and D100. In addition, the
activity-related question (Q21) was asked daily when inpa-
tient. The parent tool was used for parents, and the patient
tool for participants from the age of 8 years. QoL data collec-
tion was recommenced if a participant was re-admitted to a
participating site.

Outcomes

The two primary outcomes were (1) the percentage of eli-
gible patients recruited and randomized (target at least
50%), (2) adherence to the protocol measured as the per-
centage of Hb measurements where appropriate action was
taken in accordance with the randomized policy, with a
target of at least 70% adherence demonstrated at a 5% sig-
nificance level. Secondary adherence and clinical outcomes
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Patient consented, enrolled and
randomised prior to HSCT*

Allocated to restrictive arm
(Hb threshold < 65 g/L)

Allocated to liberal arm
(Hb threshold < 80 g/L)

Allocated threshold adhered to from Day O (day of HSCT) until Day
100 post HSCT (unless patients require transfusion post discharge at
sites other than the study centre)

A4

Quality of Life studies undertaken at Consent, weekly while
inpatient & Day 100 **

Day 100 post HSCT = END OF STUDY

FIGURE 1 Study scheme. *HSCT: Haematopoietic stem cell transplant; **The BASES QoL question 21 was recorded daily while inpatients.

included transfusion, Hb and HSCT toxicity outcomes
(Supplementary Methods).

Statistical considerations

This was a feasibility study, and formal sample size cal-
culation was not performed. A sample size of 34 patients
randomized (17 in each arm) allowed estimation of the an-
ticipated adherence rate of 70% in each arm with a 95%
confidence interval of +5%, allowing for a participant
drop-out rate of 10% and an average of 28 Hb measure-
ments per participant. Estimates for the adherence rate
overall would have a 95% confidence interval of +3%
(Supplementary Methods).

The primary recruitment outcome included all patients
who were eligible for the study. Secondary measures of fea-
sibility at a patient level and clinical outcomes were anal-
ysed in an intention-to-treat analysis, with all randomized
participants analysed in their allocated arm. Participants
randomized in error, lost to follow up or withdrawn (unless

withdrawal of consent for the use of data) were included in
this analysis, regardless of whether they had at least one
Hb measurement or received at least one transfusion.

RESULTS

Patient recruitment, protocol deviations and
data quality

Thirty-four of 70 eligible patients were randomized from
four sites over 20months, 17 to each arm (Figure 2).
Fourteen participants in the restrictive and 16 in the lib-
eral arm reached D100. Four discontinued the study (all
by D7), three in the restrictive and one in the liberal arm.
A further participant in the restrictive arm discontinued
treatment but continued in the study. Observations post-
withdrawal were not included. All 34 participants contrib-
uted data for the primary analysis. During the study, there
were six protocol temporary suspensions for five partici-
pants, all in the restrictive arm, spanning a total of 17 days.
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Assessed for eligibility (n=84)

Excluded (n=14):
- Attending haematologist feels allocation to

Not approached/not suitable »| either restrictive or liberal policy of RBC

(n=36): transfusion is not appropriate (n=3)

- Patient/parent refused - Child undergoing HSCT for haemoglobinopathy
consent (n=18) v or red cell aplasia (n=9)

- Patient/parent unable to Eligible (n=70) - Patient outside age range (n=2)

provide consent (language

barrier) (n=3)

- Psycho/social reasons (n=2)
- Consent not obtained before
HSCT (n=2)

- Patient/parent not
approached (n=5) v
- Other (n=5) Consented (n=34) Not randomised (n=0):

- Consent status missing (n=1) - Patient/parent refused consent (n=0)

- Patient/parent unable to provide consent (n=0)

A

- Psycho/social reasons (n=0)
P Consent not obtained before HSCT (n=0)
- Patient/parent not approached (n=0)
- Other (n=0)
A 4
Randomised (n=34)
A
Restrictive arm <65 g/L Liberal arm <80 g/L
(n=17) (n=17)

Discontinuations n=3 Discontinuations n=1

Reason: Reason:

- Withdrawal of participant consent (n=1) - Withdrawal of participant consent

- Investigator withdrawal (n=1) (n=1)

- Other: “Error - Completed Day 99 due to - Investigator withdrawal (n=0)

error in dates on Form 5a @ Day 93” (n=1) - Other (n=0)

4 A 4
Reached day 100 Reached day 100
End of Study (n=14) End of Study (n=16)
A A
Analysed (n=17) Analysed (n=17)
Excluded from analysis (n=0) Excluded from analysis (n=0)

FIGURE 2 CONSORT diagram.

Five suspensions were for protocol-listed reasons; one was ~ Baseline characteristics
pre-bronchoscopy.
Trial data quality was generally very good: primary and ~ Median age was 7years in both arms (overall IQR

secondary outcomes had very low levels of missing data. ~ 4-11years). Baseline characteristics were generally bal-
QoL outcomes were patient-reported (child and parent) and  anced between arms: most children received myeloa-
less complete, with 46.2% of expected data missing for chil-  blative HSCT, although more in the restrictive versus
dren and 25.7% for parents. liberal arm had an underlying diagnosis of acute myeloid
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TABLE 1 Baseline characteristics of participants.
Restrictive <65g/L (n=17) Liberal <80g/L (n=17) Total (n=34)

Male 11 (64.7) 9(52.9) 20 (58.8)
Age (years) 7 (3, 11) 7 (5, 10) 7 (4, 11)
Height (cm) 126 (94, 141) 121 (112, 141) 123.5 (99, 141)
Weight (kg) 27.6 (13.9, 30.0) 29.0 (21.1, 37.7) 27.7 (17.8,37.7)
Diagnosis

ALL 2(11.8) 10 (58.8) 12 (35.3)

AML 8 (47.1) 2 (11.8) 10 (29.4)

Other leukaemia 2 (11.8) 1(5.9) 3(8.8)

Neuroblastoma 0 0 0

Other solid tumour 0 0 0

Non-malignancy® 5(29.4) 4(23.5) 9 (26.5)
Type of transplant

Matched sibling 0 5(29.4) 5(14.7)

Matched unrelated 10 (58.8) 10 (58.8) 20 (58.8)

Mismatched 1(5.9) 0 1(2.9)

Cord blood HSCT—Matched 4(23.5) 0 4(11.8)

Cord blood HSCT—Mismatched 2 (11.8) 2 (11.8) 4(11.8)

Haploidentical 0 0 0
Chemotherapy conditioning type

Ablative 13 (76.5) 16 (94.1) 29 (85.3)

Non-ablative 4(23.5) 1(5.9) 5(14.7)
HCT comorbidity total score 0.0 (0.0,0.0) 0.0 (0.0, 0.5) 0.0 (0.0,0.0)
Positive red cell alloantibodies 0 0 0

Note: Baseline characteristics data are number (%) for categorical variables and median (interquartile range) for continuous variables. Missing data: One observation missing

for HCT comorbidity total score in the liberal arm.

Abbreviations: ALL, acute lymphoblastic leukaemia; AML, acute myeloid leukaemia; HCT, Hematopoietic Cell Transplantation; HSCT, haematopoetic stem cell transplant.

*Non-malignancy diagnoses: Restrictive arm—very severe aplastic anaemia (hepatitis associated), severe aplastic anaemia (2), inherited bone marrow failure syndrome (2; 1
with short telomeres, 1 with biallelic mutation of DNAJC21); liberal arm—Fanconi Anaemia with progressive bone marrow failure, myelodysplastic syndrome (reported as

non-malignancy), Noonan syndrome with monosomy 7, mucopolysaccharidosis type 1.

leukaemia (AML, 58.8% vs. 11.8%; Table 1). Median (IQR)
length of initial inpatient stay (from DO0) was 44.5 (33, 65)
days; 44.5 (35, 66) in the restrictive and 46 (31, 63.5) in
the liberal arm, excluding withdrawals during the initial
inpatient stay.

Primary outcomes: Percentage of eligible patients
randomized and adherence to study protocol

The first primary outcome for the trial was the percent-
age of eligible participants recruited and randomized.
At 48.6% (34/70), the study was just below the feasibil-
ity target (50%). The second primary outcome, adher-
ence, was the percentage of Hb measurements where
appropriate action was taken in accordance with the
randomized policy. There was strong evidence (p-
values <0.0001) that overall adherence in each arm was
above the 70% target. Adherence (% (n/N) [95% CIJ)
in the restrictive and liberal arms was 99.2 (961/969)

[98.6,99.7] and 97.2 (1131/1164) [96.2, 98.1] respectively
(Table 2). For measurements of Hb at or below thresh-
old, transfusions were given on 48/51 (94.1%) occasions
in the restrictive arm but only on 67/97 (69.1%) in the
liberal arm, suggesting less strict protocol adherence in
the liberal arm.

Per protocol/sensitivity analyses

Sensitivity analysis was performed to account for missing
primary outcome data for protocol adherence. There were
only three occasions where an Hb measurement was miss-
ing when indicated. The per protocol cohort included 27
patients who were compliant to the transfusion strategy
at least 80% of the time, had at least one Hb measurement
and were not randomized in error, lost to follow up, with-
drawn or experienced a protocol deviation. Sensitivity and
per-protocol analyses gave very similar results to the pri-
mary analysis.
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TABLE 2 Primary outcome: Adherence to protocol.

Restrictive <65 g/L (n=17)

Liberal <80g/L (n=17)

Total (n=34)

Hb measurements Trfs given® Trfs not given
Hb measurement at or below 48/51 (94.1) 3/51 (5.9)
threshold n/N (%)*

Hb measurement above threshold ~ 5/918 (0.5) 913/918 (99.5)

n/N (%)*

b

Trfs given Trfs not given

67/97 (69.1) 30/97 (30.9)

3/1067 (0.3)  1064/1067 (99.7)

Trfs given® Trfs not given
115/148 (77.7) 33/148 (22.3)
8/1985 (0.4) 1977/1985 (99.6)

Hb measurements where appropriate action was taken (n) as a proportion of total Hb measurements (N)

Restrictive<65g/L (n=17)

n/N (%) overall 961/969 (99.2)

Median (IQR) percentage per 100 (98.6, 100)

participant

95% CI for % adherence (98.6, 99.7)

p-value for one-sided one- <0.0001
sample proportion test against

hypothesized value of 70%

Liberal <80g/L (n=17)
1131/1164 (97.2)
98.7 (97.6, 100)

(96.2,98.1)

Total (n=34)
2092/2133 (98.1)
100 (98.1, 100)

(97.5,98.7)

<0.0001

Note: Excludes Hb measurements not at participating hospitals, observations within a suspension of protocol and observations after withdrawal (these exclusions consisted of
293 observations in total). Numbers in bold highlight where appropriate action was taken in accordance with randomised policy.

Abbreviations: Hb, haemoglobin; Trfs, transfusions.

“Here, the denominator is the total number of Hb measurements for each arm and threshold category (i.e. at or below vs. above) and the percentage calculated from this.
Where the sample warranted a prompt repeat (within 24 h), only the trigger Hb was included in the analysis.

"Transfusions must have happened within 24 h of the Hb measurement for inpatients and 72h for outpatients.

Secondary outcomes for transfusion and
Hb levels

Red cell transfusions

The total number of transfusions was 159; 65 in the restric-
tive and 94 in the liberal arm (Table 3), median per partici-
pant 3 in each arm. Only 14/17 participants in the restrictive
arm received a transfusion, but two of these non-transfused
participants withdrew by D5 (Figure 3). All 17 in the liberal
arm were transfused; two received 24 transfusions each.
75.4% (49/65) of transfusions in the restrictive and 72.3%
(68/94) in the liberal arm were given according to Hb thresh-
old policy.

Hb levels

A total of 2133 Hb measurements were recorded (Table 2),
median per participant 73 in the restrictive arm and 72 in
the liberal arm (Table 3). Towards the end of the study, when
the majority of children were outpatients, the number of Hb
measurements was lower (Figure 4). The mean daily Hb lev-
els appeared similar between arms by D45, by which point
10/14 (71%) in the restrictive arm and 12/17 (71%) in the lib-
eral arm had ceased transfusions.

Mean overall Hb to D100 was 90.1g/L in the restric-
tive arm versus 97.6g/L in the liberal arm, a difference in
means of 7.5g/L (Table 3). Pre-transfusion mean Hbs were
consistent with study protocol arms, with a difference be-
tween means of 16.3g/L. The difference between arms for

pre-transfusion Hb was noted throughout the study (not
shown). Mean post-transfusion Hb in the restrictive arm
was above the protocol target Hb of 85 g/L, and in the liberal
arm, it was below the target Hb of 100g/L, with a smaller
difference in means of 6.2 g/L.

For red cell transfusions given when the Hb measure-
ment indicated a transfusion according to policy (target Hb
should have been according to protocol), 54.2% (26/48) in
the restrictive arm and 68.1% (49/72) in the liberal arm were
given at the correct dose (volume). Transfusions in the re-
strictive arm had a higher median (IQR) volume (mL/kg)
compared to the liberal arm: 10.0mL/kg (8.2, 13.6) vs. 8.3
(4.8, 11.5) (Table S1). Moreover, where the dose transfused
was incorrect, in the restrictive arm, it was over target for
14 and under for 8; in the liberal arm, it was over for 6 and
under for 17 (two had missing volumes). For transfused par-
ticipants, the median number of red cell units and trans-
fusion episodes per participant was slightly higher in the
restrictive arm versus the liberal arm.

Overall, three participants in each arm required an ad-
ditional transfusion within 24h of a primary transfusion,
resulting in three additional transfusions in the restrictive
arm and 15 in the liberal arm (Table SI).

Other clinical secondary outcome measures

There were no deaths reported in either arm (Table S1).
There were four WHO grade 3/4 bleeds (3 partici-
pants, restrictive arm; 2 lower gastrointestinal bleeding
and 2 epistaxis in the same participant; all requiring
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TABLE 3 Secondary adherence outcomes: Haemoglobin measurements and transfusions.
Restrictive <65 g/L Liberal <80g/L Total
(n=17) (n=17) (n=34)
Transfusion policy adherence for enrolled participants
Number of Hb measurements per participant, median [IQR] (range)® 73 [47, 80] (3116) 72 (63, 84] (8, 113) 72.5 (3116)
Number of transfusions per participant, median [IQR] (range) 3(2,4] (0, 12) 3[3,4] (1, 24) 3(0,24)
Participants who successfully followed the policy n/N (% of participants)
100% of the time” 2/17 (11.8) 1/17 (5.9) 3/34 (8.8)

80% of the time”
RBC transfusions given in accordance with policy, n/N (% of transfusions)

Percentage of transfusions per participant given in accordance with policy,
median (IQR)

Red cell transfusions

Number of participants who received at least one RBC transfusion, n/N
total participants (%)

Total number of RBC transfusions throughout trial

RBC transfusions given when Hb measurement indicated that a transfusion
was required by policy, #n/N all RBC transfusions (%)

RBC transfusions where the dose was correct®

RBC transfusions where the dose was correct of those transfusions required
by the policy n/N (%)

Hb difference
Hb concentration (g/L) up to day 100, mean (SD)
Pre-transfusion
Post-transfusion

Overall

14/17 (82.4)
49/65 (75.4)
66.7 (50, 100)

14/17 (82.4)

65
49/65 (75.4)

26
26/48 (54.2)

63.8 (6.2)
89.8 (17.4)
90.1 (18.5)

Mean difference between trial arms for Hb concentration (g/L), (95% CI for mean)

Pre-transfusion
Post-transfusion
Overall
Pre-transfusion Hb concentrations falling at or below, or above threshold Hbd
At or below threshold Hb, n/N pre transfusion measurements (%)
Above threshold Hb, n/N pre-transfusion measurements (%)
Post-transfusion Hb concentrations falling at or below, or above the target Hb®
At or below target Hb, n/N post transfusion measurements (%)

Above target Hb, n/N post transfusion measurements (%)

~16.3 (-19.5, -13.2)
—6.2 (-12.0, -0.4)
~7.5(~8.9, —6.0)

48/65 (73.9)
17/65 (26.2)

28/65 (43.1)
37/65 (56.9)

14/17 (82.4)
68/94 (72.3)
100 (80, 100)

17/17 (100%)

94
73194 (77.7)

50
49/72 (68.1)

80.1 (13.6)
95.9 (19.2)
97.6 (16.5)

73/94 (77.7)
21/94 (22.3)

51/94 (54.3)
43/94 (45.7)

28/34 (82.4)
117/159 (73.6)
100 (50, 100)

31/34 (91.2)

159
122/159 (76.7)

76
75/120 (62.5)

73.4 (13.8)
93.4(18.7)
94.1 (17.8)

121/159 (76.1)
38/159 (23.9)

79/159 (49.7)
80/159 (50.3)

Note: Excludes samples which warranted prompt repeat.
Abbreviations: Hb, haemoglobin; RBC, red cell.
*Excluding withdrawals, all participants had daily Hb results reported for the first 25 days.

®Including observations after withdrawals.

“Missing transfusion volumes for three observed transfusions (two of which were transfusions required by policy).

9The threshold for the restrictive arm is a Hb <65 g/L and for the liberal arm <80g/L.
“The target for the restrictive arm is a Hb 85g/L and for the liberal arm 100 g/L.

transfusion). One thromboembolic event was reported
(liberal arm). There were two admissions to PICU (re-
strictive arm).

Bearman toxicity scores were similar across arms: me-
dian (IQR) in restrictive and liberal of 3 (2, 6) and 4 (2, 5) re-
spectively. The total number experiencing aGvHD was lower
in the restrictive arm: 7/17 (41.2%) compared to the liberal
10/16 (62.5%), as was the grade of aGvHD: 4/17 (23.5%) grade
II-IV in the restrictive arm versus 8/16 (50%) in the liberal

arm. Of those with aGvHD, the duration with the high-
est grade per participant was a median (IQR) of 16 (11, 36)
days in the restrictive arm versus 24 (12, 38) in the liberal.
Occasions of VOD were similar between arms, two within
the first 21 days in both arms.

All participants received a platelet transfusion, with a
higher median number per participant in the restrictive arm
compared to the liberal arm: 7 versus 5. No transfusion-
related reactions were reported.
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FIGURE 3
transfusions.

Quality of life

Overall, there was no difference between arms for any of the
five QoL domains (Somatic distress, Compliance, Mood dis-
turbance, Quality of interactions, Sleep). The somatic dis-
tress score peaked at study D7 then gradually improved in
both arms (Figure S1).

For the daily inpatient activity scores (maximum score 5),
median scores were higher, suggesting less fatigue, in the re-
strictive arm than in the liberal arm for both the parent and
child (=8 years old) scores, across the entire study period and

Transfusion by time and study arm. Each row represents a participant. Three patients in the restrictive arm did not receive any

during the first 35 days when the number of observations in
both arms was the greatest (Figure S2). However, a similar
difference between the two groups was seen at baseline, al-
though the numbers were small.

Safety

Similar Serious Adverse Event (SAE) rates were reported (11
in the restrictive arm vs. 13 in the liberal), mostly admissions
for febrile episodes.
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Mean daily haemoglobin over time, by treatment arm
Mean Hb per studyday per arm plotted - no smoothing
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FIGURE 4 Mean daily haemoglobin over time, by trial arm. The figure includes available daily Hb measurements with the exception of observations
post patient withdrawal. The Ns in this figure are the number of observations on each of the specified days on the x-axis. Data in the graph are presented
for all days between 0 and 100, but the N for every day could not be presented in the figure. The dotted lines represent the transfusion thresholds for the

two arms.

DISCUSSION

Key findings from this feasibility trial of Hb thresholds in
children undergoing HSCT were: (1) good measures of ad-
herence above predefined targets (the percentage of Hb
measurements where transfusions were given in accordance
with the randomized policy) and a recruitment rate only just
below target; (2) evidence of clinically significant separation
between arms for Hb, with mean pre-transfusion Hb 16.3 g/L
higher in the liberal arm; (3) no evidence to support that
the use of a restrictive Hb arm of 65g/L was associated with
safety concerns or increased fatigue. The findings support
the exploration of more restrictive thresholds for transfusion,
below 70 g/L in children.

A number of learning points were identified by the con-
duct of this trial. Most Hb threshold-related protocol devia-
tions were failure to transfuse when required. Adherence was
stronger in the restrictive than liberal arm for Hb measure-
ments at or below threshold, suggesting a reluctance in some
cases to transfuse at the higher threshold. There were a small
number of temporary protocol suspensions in the restric-
tive arm, for five participants. Overall, the number of trans-
fusions per participant was the same in both arms, but this
could have been impacted by weaker adherence to protocol in
the liberal arm. Only the restrictive arm had non-transfused
participants.

Despite the good separation in mean pre-transfusion
Hb (16.3 g/L), the difference between study arms for overall
Hb was only 7.5g/L, and for post-transfusion Hb, 6.2g/L.

The smaller difference in post-transfusion Hb between
arms might reflect the differential adherence to the study
protocol for transfusion volume between the arms: despite
equivalent Hb targets of 20g/L above the Hb thresholds in
both arms, the median transfusion volume (mL/kg) in the
restrictive arm was higher than in the liberal. Where the
volume given was incorrect according to protocol, there was
a greater tendency to overtransfuse in the restrictive arm
and to undertransfuse in the liberal. It is acknowledged that
there is uncertainty about the optimum dose to transfuse;
although the study protocol dose reflected current national
guidelines,” it was more restrictive than much UK paediatric
haematology/oncology practice.

Clinical secondary outcomes were broadly similar across
arms. Three participants experienced significant bleeding,
and there were more platelet transfusions per participant in
the restrictive arm, but the clinical significance is uncertain
given the small numbers. Bleeding is an important clinical
outcome of restrictive transfusion studies, given that reduced
numbers of circulating red cells may impair clot formation,"
although supporting data are limited."® For aGvHD, the inci-
dence, severity and duration of the highest grade were lower
in the restrictive than in the liberal arm.

The impact of haemoglobin thresholds on measures of
QoL is an area of active research interest, although most
trial data are based in adults.”” We applied the Behavioural,
Affective, and Somatic Experiences Scale (BASES) tool,
which has broad value in children receiving intensive ther-
apy,"™* but, as for all tools, there may be questions about
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validity to identify all relevant changes. In our study, the
parent-reported somatic distress score peaked at the first
week of the study, similar to previous reports using the
BASES score in paediatric HSCT.">!* The daily activity in-
patient score showed a trend to less fatigue in the restrictive
arm, but there was a similar baseline difference.

Our study was not powered to assess the impact of hae-
moglobin thresholds on measures of QoL, and the numbers
were small for the weekly assessed domains. While our study
design focused primarily on the activity score, given it was
considered the most likely to be directly affected by Hb lev-
els, other domains such as somatic distress, mood distur-
bance and sleep may be equally important as outcomes in
the setting of HSCT and warrant further exploration in a
future study. Overall, there was no evidence of increased fa-
tigue in the restrictive arm despite the lower Hb, and lower
Hb thresholds were not associated with a negative impact on
QoL. It should be added that a higher proportion of partici-
pants treated for AML were recruited in the restrictive arm
(by chance), who might be expected to have more fatigue.
Our findings appear consistent with other (adult) haematol-
ogy/oncology studies,"” ! although one study in chronically
transfusion-dependent myelodysplastic syndrome suggested
improved QoL in the liberal arm.**

There are a number of limitations to this feasibility study.
It was small, not powered for clinical outcomes, including
bleeding, and unblinded. Data completeness was less good
for QoL, there was an activity score difference between arms
at consent, and QoL data were only collected for inpatients
(apart from consent and D100), when participants were least
well. The study collected no data on longer term outcomes
beyond D100.

Overall, our findings support the design of further stud-
ies addressing Hb thresholds below 70g/L in children un-
dergoing HSCT, which would minimize risks of exposure of
children to transfusions, given these are biological products
with risks. A future trial design should build on this feasibil-
ity study, powered for clinical outcomes and including out-
patient QoL data with longer term follow-up. In addition, it
should consider patient factors that may further influence
an individual's tolerability of low Hb, as part of the future
research interest towards personalized transfusion thresh-
olds, rather than relying on Hb thresholds alone. Without
any benefit for outcomes of reduced mortality or better QoL
in the liberal arm, our findings are consistent with general
recommendations to adopt restrictive transfusion practices
in haematology cancers.
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