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Hypersensitivity transfusion reactions to platelet concentrate: a

retrospective analysis of the French hemovigilance network
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BACKGROUND: Among labile blood products, platelet
concentrates (PCs) are the leading cause of
hypersensitivity transfusion reactions (HTRs). These
reactions often lead to interruption of PC transfusion and
can result in a prolonged transfusion process leading to
significant morbidity and use of premedication and close
monitoring for patients with a history of allergic
transfusion reactions. The French hemovigilance
database is one of the largest standardized databases
providing information on HTRs following administration of
labile blood products. In this study, we analyzed this
database to assess the relative risk of HTR for each

type of PC.

STUDY DESIGN AND METHODS: HTRs following PC
transfusion were retrospectively extracted from the e-Fit
Hemovigilance database of the French National Agency
for Medicines and Health Products Safety (ANSM).
Frequencies were calculated using the number of
specific PCs transfused.

RESULTS: Between 2008 and 2014, the overall
estimated incidence of HTRs following PC administration
was calculated at 232 HTRs per 100,000 PCs
transfused. The rate of HTRs was significantly higher
with apheresis PC (337/100,000) than with buffy-coat PC
(94/100,000). Platelets in additive solutions (PAS) were
associated with a significantly lower frequency of HTRs
when compared with PCs in native plasma.
Amotosalen/UVA- PCs (APCs and BCPCs) which are
always in PAS in France, exhibited the lowest frequency
of HTRs when compared with their corresponding PCs in
native plasma or in PAS (p < 1077 in all comparisons).
CONCLUSION: Our results showed that the type of PC
and its processing may have an impact on the risk

of HTR.

ypersensitivity transfusion reactions (HTRs) are

defined as reactions with suggestive clinical signs

of allergy that appear during or within 4 hours of a

transfusion. This definition does not presuppose
the mechanism of the reaction, which can be either immune-
mediated or not." HTRs account for a large share of adverse
transfusion reactions. In comparison with other labile blood
products (LBPs), platelet concentrates (PCs) used to correct a
defect in the quality/quantity of blood platelets are associated
with the highest rate of HTRs. The estimated frequency of these
reactions is at least 1.72% of all PCs transfused but this depends
on the reporting system and the type of PC.>* The pathophysi-
ology of PC-related HTRs is not fully understood, insufficiently
investigated and complicated by its multifaceted nature. The
underlying mechanisms may be recipient-related, donor-
related, and/or storage-related. For example, recipient atopy,
especially hay fever, has been identified as a risk factor for HTR
to PCs.* While recipient and donor-related factors are difficult
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to control, factors linked to PC processing or storage could be
targeted to reduce the rate of HTR. Although severe reactions
are rare, the occurrence of HTRs often leads to interruption of
PC administration, resulting in a delay in treatment with a pro-
longed transfusion process and significant morbidity."

PCs can be processed by different methods in order to
reduce the risk of infection, HTRs, and graft-versus-host disease
(GvHD). Platelets are prepared from apheresis (APC) or whole
blood-derived pooled buffy coats (BCPC). They can be
suspended either in native plasma or in additive solution (PAS).
A pathogen reduction method using Amotosalen and exposure
of PC always prepared in PAS before treatment to Ultraviolet A
light (Amotosalen/UVA) has been generalized in France since
November 2017. Until this date, gamma-irradiation was still
commonly used to prevent GVHD, while a small region (Alsace)
and overseas French territories already used Amotosalen/UVA
treated PCs since 2007.%°

The French hemovigilance database of the French National
Agency for Medicines and Health Products Safety (ANSM) is
one of the largest databases providing information on HTRs fol-
lowing administration of LBPs. ANSM has developed a standard
reporting protocol and the reporting of HTRs is mandatory in
France.” We retrospectively analyzed this database to assess the
relative risk of HTR for each type of PC between 2008 and 2014
in France.

METHODS

HTRs following PC transfusion between 2008 and 2014 were ret-
rospectively extracted (all severities, causality defined as possi-
ble, likely or definite) from the e-Fit Hemovigilance database of
the ANSM. Transfusion reactions were considered as HTRs by
the local hemovigilance correspondents when they met ANSM’s
criteria (allergy factsheet).® These criteria include the occur-
rence of mucocutaneous signs (morbilliform rash with pruritus,
urticaria, angioedema, edema of lips, tongue and uvula, con-
junctival edema), cardiovascular signs (hypotension, tachycar-
dia, syncope, anaphylactic reaction), or respiratory signs
(dyspnea, cough, wheezing/bronchospasm, hypoxemia) occur-
ring during the transfusion or within 4 hours of transfusion. An
increased histamine or tryptase plasma level during the reaction
was also an argument for HTR. When different types of labile
blood products were transfused, the attending clinician deter-
mined the suspected component(s) according to the temporal
relationship between transfusion of each product and the first
clinical signs. The severity of the reaction was graded according
to the Ring and Messmer classification (Table 1).2 HTRs were
graded as 1 (mild), 2 (severe), 3 (life-threatening), or 4 (death).

Once the investigation of the transfusion was com-
pleted, causality was assessed as follows:

e Non-assessable (NA): When there are insufficient data
for causality assessment.

e Excluded/Unlikely: When there is conclusive evidence
beyond reasonable doubt for attributing the HTR to
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TABLE 1. The Ring and Messmer classification. e-Fit:
Hemovigilance database of the French National
Agency for Medicines and Health Products Safety
(URL ansm.sante.fr/Services/E-FIT)

Grade Symptoms e-fit grade
| Cutaneous signs: erythema, 1
urticaria with or without
angioedema
Il Presence of measurable but not 2

life-threatening symptoms:

cutaneous effects, arterial

hypotension, cough or difficulty

in mechanical ventilation

1 Presence of life-threatening 3

symptoms: cardiovascular

collapse, tachycardia or

bradycardia, arrhythmia, severe

bronchospasm
v Circulatory failure, cardiac and/or 3 if the patient is
respiratory arrest still alive
4 if the patient
deceased

alternative causes. Or, when the evidence is clearly in
favor of attributing the HTR to causes other than the
blood or blood components.

e  Possible: When, more than 4 hours after the transfusion,
the evidence is indeterminate for attributing the HTR either
to the blood or blood component or to alternative causes.

o  Likely/Probable: When the evidence is clearly in favor of
attributing the HTR to the blood or blood component but
without confirmation by a specific test of the responsibility
of the transfused blood components.

o Definite/Certain: When there is conclusive evidence beyond
reasonable doubt for attributing the HTR to the blood or
blood component (such as confirmation by a specific test).

Frequencies were calculated using the number of spe-
cific PCs transfused (source: Etablissement Francais du Sang
(EFS), National blood service).

Statistical analysis

Fisher or y2 tests were used to compare incidence data. For
all comparisons, the results were considered significant at
p < 0.05. We used the online statistical software provided by
Pierre and Marie Curie University.’

RESULTS

Between 2008 and 2014, 1,965,318 platelet units, corresponding
to 1,119,036 APCs and 843,905 BCPCs were transfused. The vari-
ous subsets of platelets are shown in Table 2. PCs without
plasma or PAS (APCs n = 14,103; BCPCs n = 2,272) and PCs
used for clinical trials (2,377) were excluded from this analysis
due to limited data.

During the same period, 4,567 platelet-related HTRs
(male = 2,586, female = 1,981) were reported by the French
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TABLE 2. Distribution of platelet concentrates
transfused in France between 2008 and 2014

APC BCPC Total
Platelets in native plasma 412,413 46,988 459,401
Platelets in PAS 621,473 704,285 1,325,758
Platelets in PAS treated 71,047 90,360 161,407
with Amotosalen/UVA
Total 1,104,933 841,633 1,946,566

APC = apheresis platelet concentrate; BCPC = buffy-coat-derived plate-
let concentrate; PAS = platelet additive solution; UVA = ultraviolet A.

hemovigilance network, corresponding to an estimated incidence
of 232 HTRs per 100,000 PCs transfused.

Ninety-five percent of these reactions were observed in a
hematology-oncology setting. Transfusion causality was graded as
level 1 (possible) in 1,249 cases (27.3%), level 2 (likely/probable) in
2,981 cases (65.3%), and level 3 (definite/certain) in 337 cases
(7.4%). In most cases (91%) the reaction occurred after a single
PC transfusion, 5% after more than one transfusion, and the
remaining 4% after transfusion with various blood products. Most
of these reactions were mild (grade 1, n = 4,172; 91%), 243 were
grade 2 (5.3%), 151 were grade 3 (3.3%), and 1 was grade 4.

The median storage time of the PCs was 3 days (0-4 days)
across all types of PC and technical processing.

In terms of HTR incidence rates per 100,000 PCs transfused,
significant differences were observed between the various types
of PC, with a significantly higher rate for APCs (337/100,000)
compared with BCPCs (94/100,000) (p < 0.0001).

These differences were still observed when the various sub-
sets of APCs and BCPCs were compared (Table 3). Platelets in
PAS, whether APC or BCPC, were associated with a significantly
lower frequency of HTRs when compared with PCs in native
plasma (p <0.001).

PCs treated with Amotosalen/UVA exhibited the lowest
rate of HTRs when compared with their corresponding PCs
in native plasma or in PAS (Supplementary data Table S1).

Irradiated PCs (n = 3,243) had a higher rate of HTRs
than non-irradiated PCs (n = 1,324). Table 4 presents the
incidence rates for the different types of PCs according to
irradiation status.

DISCUSSION

Based on our results, the risk of HTR following PC transfusion
appears to be strongly influenced by the type of platelet
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concentrate and its processing. This risk is higher with APC than
with BCPC. The use of PAS reduces the risk of HTR in compari-
son with native plasma while irradiation is associated with a
higher risk of HTR in the case of APCs. Pathogen-reduced PCs in
PAS treated by the Amotosalen/UVA method, which combines
the advantage of reducing the infectious risk and avoiding irradi-
ation, exhibit the lowest risk of HTR when compared with other
preparations.

The incidence of HTRs was estimated at 232 per 100,000
PCs transfused in our study. In comparison, on the same period,
the incidence of febrile nonhemolytic transfusion reactions
(FNHTR) was estimated at 82 per 100,000 PCs transfused. These
results are consistent with the one recently published by Van
Hout et al.'® Between 2006 and 2015, their incidence of HTR and
FNHTR were respectively estimated at 210 and 150 per 100,000
PCs transfused.'® These results confirm that HTR are the main
cause of adverse transfusion reaction.

Our results suggest that the risk of HTR is significantly
higher with APCs than with BCPCs (337 vs. 94 per 100,000 PCs
transfused, p < 0.0001) regardless of the type of processing.
These results are consistent with previously published studies on
smaller series. In 2008, Rebibo et al. reported that APCs were
associated with a higher risk of HTR (345 vs. 124 HTR per
100,000 LBP tIansfused).11 In a US healthcare safety network
hemovigilance survey between 2010 and 2012 on 393,375 PCs
transfused, the rate of adverse reactions was higher with APCs
than with BCPCs (538 vs. 101 adverse reactions per 100,000
LBP)."? Only one small study conducted in two academic hospi-
tals showed discordant results with a risk of HTR that was higher
with pooled platelets than with APCs (0.41% vs. 0.24%,
p = 0.0029)."* However, these results were obtained on a small
number of reactions and no difference was observed when the
first academic hospital involved in the study was considered. Fur-
thermore, this increased risk was observed with pooled platelets
prepared with the platelet-rich plasma (PRP) method while the
pooled platelets in our study were prepared from pooled buffy-
coats (BC). This may account for the difference, as the volume of
plasma from each individual donor of the pool is constantly
lower with BC than with the PRP method.

PCs can be prepared either from whole blood donation
(mainly buffy-coat methods in Europe) or by an apheresis proce-
dure. These two methods are considered equivalent in terms of
efficacy and risk of HLA allo-immunization. Although APCs and
BCPCs may be considered equivalent in the absence of HLA allo-
immunization,'* compatible APCs are preferably used in patients

TABLE 3. Number of HTRs and estimated incidence of HTR per 100,000 units transfused according to PC type in
France between 2008 and 2014

APC N (incidence/100,000)

BCPC N (incidence/100,000) OR (95%Cl)

Platelets in native plasma
Platelets in PAS
Platelets in PAS treated with Amotosalen/UVA

2,063 (500)
1,638 (264)
71 (100)

80 (170) 2.94 (2.35-3.72)
677 (96) 2.74 (2.51-3.00)
38 (42) 2.38 (1.38-3.62)

concentrate.

N = number of HTRs; OR = odds ratio; UVA = ultraviolet A; APC = apheresis platelet concentrate; BCPC = buffy-coat-derived platelet
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TABLE 4. Number of HTRs and estimated incidence of HTR per 100,000 units transfused of non-irradiated and
irradiated platelet concentrates in France between 2008 and 2014

Non-irradiated N (incidence /100,000)

Irradiated N (incidence /100,000) OR (95% CI)

APC in native plasma 575 (435)
APC in PAS 303 (200
APC in PAS treated with Amotosalen/UVA* 71 (100
BCPC in native plasma 33 (244
BCPC in PAS 304 (98
BCPC in PAS treated with Amotosalen/UVA* 38 (42

1,488 (531) 1.22 (1.11-1.35)
1,335 (284) 1.42 (1.25-1.61)
47 (140) 0.57 (0.36-0.93)

0.96 (0.82-1.12)

373 (94)

trate; PAS = platelet additive solution.
* Amotosalen-inactivated platelets were never irradiated.

N = number of HTRs; OR = odds ratio; UVA = ultraviolet A; APC = apheresis platelet concentrate; BCPC = buffy-coat-derived platelet concen-

with HLA/HPA allo-immunization with platelet transfusion inef-
ficacy and in pediatric preparations.

In our study, the rate of HTR following PC transfusion was
36-48% lower when using PAS. Although the reason for these
beneficial effects is not fully understood, our findings are in line
with previous reports.'®'"'>!® Several hypotheses have been
proposed to explain this, including a reduction in plasma protein
concentration with the use of PAS.>'" Indeed, plasma accumula-
tion of inflammatory proteins (C5a, brain-derived neutrophilic
factor and CCL5) and mitochondrial DNA have been found to be
associated with a higher risk of HTR.'®'° It is important to note
that PCs in PAS accounted for more than 98% of PCs transfused
since 2012 versus less than 50% in 2008-2009. This evolution is
a result of ANSM recommendations for the prevention of
Creutzfeldt-Jakob disease transmission by blood transfusion and
the observation that the use of a PAS was associated with a
reduction of HTR. Between 2008 and 2014, four types of PAS
were used in France: T-Sol, Intersol, SSP, and SSP+. Data from
in our study were too limited to analyze each type of PAS inde-
pendently. However, in their study, Van Hout et al. reported a
lower risk of HTR with Intersol when compared with T sol PAS
(relative risk 0.58; CI95 0.40-0.82).'° By reducing the use of
premedication to prevent HTR, the use of PAS was even found
to be cost-effective.'

In our study, the incidence of HTRs was 72-80% lower with
Amotosalen/UVA-treated PCs in PAS compared with PCs in
plasma and 56-61% lower when compared with PCs in PAS.

These results are similar to those of a prospective cohort in
2015, which reported a reduction in the rate of adverse reactions
using Amotosalen/UVA-pathogen reduction.?® In the EFFIPAP
study, a randomized controlled trial comparing PCs in plasma,
in PAS or inactivated using Amotosalen/UVA, the rate of
allergic reaction was also found to be lower in the group of
Amotosalen/UVA inactivated PCs. Their hemostatic efficacy was
non-inferior when compared with PCs in PAS but slightly
reduced in comparison with PCs in native plasma.”’ However,
due to the global benefice of PCs in PAS, PCs in native plasma
are almost no longer used in France.

Amotosalen/UVA is a pathogen reduction method using a
combination of a synthetic psoralen Amotosalen and UVA. It was
found to be effective in preventing a wide spectrum of bacterial,
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viral, and protozoal infections.?>% Briefly, on illumination with
UVA, Amotosalen forms covalent interstrand cross-links with
DNA or RNA, preventing DNA replication and RNA transcription.
In this process, platelets are first suspended in a mix of plasma
and PAS (Intersol, T-Sol, or SSP+) in the same proportion as the
standard use of these PAS, i.e., 50-70% of the initial plasma vol-
ume in replaced by the PAS. After illumination, residual
Amotosalen is absorbed before storage. At the end of the process,
the final volume of plasma remains unchanged. Storage lesions
have been considered as acceptable for transfusion up to 7 days
by some authors.>* This extension of the storage time to 7 days
was recently authorized by the ANSM.

As the Amotosalen/UVA pathogen reduction method
targets nucleated leukocytes, it is also effective at preventing
transfusion-related graft-versus-host disease.>> Therefore,
Amotosalen/UVA-treated PCs do not require gamma-irradi-
ation. The molecular and cellular mechanisms of the pro-
tective effect of Amotosalen/UVA-treated PCs on HTRs are
not fully understood. However, Amotosalen/UVA treatment
prevents white cell cytokine synthesis, which could reduce
cytokine accumulation in PCs.?®

Our results indicate that irradiation of APCs is associated
with an increased risk of HTR. The effect of gamma-irradiation
on PCs is not well understood and further studies are required.
Irradiation is used to prevent transfusion-related graft-versus-
host disease (TR-GvHD) in immunocompromised patients by
inhibiting T-cell activation.'” Irradiation alone is not sufficient to
prevent bacterial growth, as the total dose of irradiation to pre-
vent TR-GvHD (25-45 Gray) is 1,000-fold lower than the dose
used for sterilization.*” In this regard, the use of Amotosalen/
UVA treated PCs can not only reduce the infectious risk, but also
suppress the need for irradiation.

Our study suffers from several limitations:

e During the considered period, only two French regions
(Alsace and overseas territories) used Amotosalen/UVA
treated PCs. Overseas territories are known to have a
lower notification rate for adverse transfusion reactions
and this could induce a bias in the interpretation of our
results. Amotosalen/UVA pathogen reduction method
has now been generalized in France and further studies
are required to confirm our results.



e Data on the type of PCs used in different recipient
populations (e.g.,, oncology-hematology setting) were not
recorded. In France, APCs and irradiated PCs were prefer-
entially used in onco-hematology patients and these
patients are more likely to be exposed to PCs than patients
receiving BCPCs, non-irradiated PCs, or Amotosalen/UVA
treated PCs. An increased exposition might increase the risk
of sensitization although the relation between exposure and
sensitization is not linear. Therefore, this could act as a con-
founding factor, especially when considering the difference
of HTR incidence between APCs and BCPCs and between
non-irradiated, irradiated PCs, and Amotosalen/UVA
treated PCs.

In conclusion, this large-scale retrospective study involving
almost two millions of PCs transfusions confirms that the type of
PC (APC vs pooled BCPC) and their further processing (PC in
native plasma, PC in PAS, Amotosalen/UVA-treated PCs, gamma
irradiation) impact the risk of HTR. Further random controlled
trials are necessary to confirm our findings.
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SUPPORTING INFORMATION

Additional Supporting Information may be found in the
online version of this article.

Table S1. Comparison of the estimated incidence of HTR
per 100,000 units transfused between Amotosalen/UVA PCs
and their corresponding PCs in plasma or in PAS.



Amotosalen/UVA Other PCs
OR (95%Cl) P
N (incidence/100,000) N (incidence/100,000)
APC Amotosalen/UVA vs. APC in plasma 71 (100) 2,063 (500) 0.2 (0.16-0.25) 910
APC Amotosalen/UVA vs. APC in PAS 71 (100) 1,638 (264) 0.38(0.29-0.48) 1.8107%°
BCPC Amotosalen/UVA vs. BCPC in plasma 38 (42) 80 (170) 0.25 (0.16 — 0.37) 1.310"
BCPC Amotosalen/UVA vs. BCPC in PAS 38 (42) 677 (96) 0.44 (0.31-0.61) 3.310°%

Table S1: Comparison of the estimated incidence of HTR per 100,000 units transfused between Amotosalen/UVA PCs and their corresponding

PCs in plasma or in PAS
N: number of HTRs; OR: Odds ratio;

APC: Apheresis Platelet Concentrate;

UVA: Ultraviolet A

BCPC: Buffy-Coat-derived Platelet Concentrate;
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