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1 | INTRODUCTION

Antigens (HPA) are located on the platelet glycoproteins that can be absent in
these patients, preventive HPA-matching may also be considered. Uniform rec-
ommendations on this topic lack in transfusion guidelines making standard
practice unclear, therefore, we aimed to provide a framework for matched
platelet transfusions.

Study Design and Methods: We conducted a targeted literature search and a
national survey of Dutch (pediatric) hematologists from July to September 2021.
Results: We found 20 articles describing platelet transfusion policies in
483 GT-patients and 29 BSS-patients, both adults and children. Twenty surveys
were returned for full analysis. All responders treated patients with platelet dis-
orders, including GT (n = 36 reported) and BSS (n = 29 reported). Of respon-
dents, 75% estimated the risk of antibody formation as “likely” for HLA and
65% for HPA. Formation of HLA antibodies was reported in 5 GT and in
5 BSS-patients, including one child. Fifteen respondents gave preventive HLA-
matched platelets in elective setting (75%). Three respondents additionally
matched for HPA in GT-patients (15%). Main argument for matched platelet
transfusions was preventing alloimmunization to safeguard the effectivity of
‘random’ donor-platelets in acute settings.

Conclusion: Elective HLA-matching for GT and BSS-patients is already con-
ducted by most Dutch (pediatric) hematologists. HPA-matching is mainly
applied when HPA-antibodies are formed. Based on the current literature and
the survey, recommendations are proposed.

KEYWORDS

antibody formation; antigens, human platelet; Bernard-Soulier syndrome; blood platelet
disorders; Glanzmann thrombasthenia; HLA antigens; human antigens, platelet; platelet
transfusion

factor VII exist, platelet transfusions are often inevitable
during life.® Both GT and BSS are categorized by flowcy-

Patients with inherited platelet disorders (IPD) require
platelet transfusions for the treatment of acute bleeding
or for the prevention of major bleeding during surgery
and child delivery."* Repetitive platelet transfusions may
lead to alloimmunization against human leucocyte anti-
gens (HLA) or human platelet antigens (HPA). In this
regard, IPD-patients with Glanzmann thrombasthenia
(GT) and Bernard-Soulier syndrome (BSS) are considered
a high-risk group for alloimmunization.>* GT is charac-
terized by either a dysfunctional or (partial) absence of
the glycoprotein (GP)-complex IIb/IIIa, also named
oIIbp3 integrin or CD41/CD61.>° This complex is essen-
tial in the platelet-fibrinogen binding.® BSS is caused by
either a dysfunctional or (partial) absent GP-complex
Ib/IX/V, also named CD42a/CD42b.” This complex is
essential for the platelet-von Willebrand factor (VWF)
binding. Although hemostatic treatments as tranexamic
acid, desmopressin and for GT-patients also recombinant

tometric GP-expression in 3 subtypes: in type 1 glycopro-
teins are absent or have less than 5% of the normal
expression, in type 2 expression is >5%-25% of normal
range and in type 3 expression is >25%-100%; but
although sometimes normally expressed, glycoproteins
may be dysfunctional in type 2 and 3.

1.1 | Risk and incidence of HLA
antibodies in GT and BSS

Because platelets carry HLA-class I and HPA, there is a
general risk of alloimmunization against non-self (donor)
HLA-class I and HPA. The incidence of HLA antibody
formation is further modulated by the number of platelet
transfusions, remaining leucocytes in the blood products,
individual immune characteristics of the receiver and
potential antigen mismatch between donor and receiver.?

95UD1 SUOLLLIOD BAIERID 3|qedt|dde au) Ag pauieob afe sapie YO ‘88N J0 SajnJ o} Aleiqi auluO A8]1M UO (SUOTIPUD-pUE-SWLBIW0Y A8 |IM A eIq 1 U1 |UO//SaL) SUORIPUOD PUe SWLB | L) 88S [202/50/22] U0 ARiqiauliuo A3(1A XEUi0lqIastBISBAIUN Wepenoy AISIAIUN snwsesd AQ 1728/ T" HI/TTTT OT/10p/wod A3 |1m Afeigi puiuo//sdy woly papeoiumoq ‘S ‘v20Z ‘S662.EST



HUISMAN ET AL.

= | TRANSFUSION

TABLE 1
Bernard-Soulier syndrome.

Glycoprotein Platelet disease HPA-antigen
GPIIIa (CD61) Glanzmann HPA-1a
HPA-1b
GPIb (CD42b) BSS HPA-2a
HPA-2b
GPIIb (CD41) Glanzmann HPA-3a
HPA-3b
GPIIIa Glanzmann HPA-4a
HPA-4b
GPIIIa Glanzmann HPA-6b
GPIIIa Glanzmann HPA-7b
GPIIIa Glanzmann HPA-8b
GPIIb Glanzmann HPA-9b
GPIIIa Glanzmann HPA-11b
HPA-16b
HPA-17b, 19b
HPA-21b, 23b
HPA-26b, 29b
HPA-32b, 33b
HPA-34b, 35b
GPIIb Glanzmann HPA-20b
HPA-22b, 24b
HPA-27b, 28b
HPA-30b
GPIX (CD42a) BSS HPA-31b

HPA antigens located on the platelet glycoproteins that are absent or dysfunctional in Glanzmann Thrombasthenia and

Original terminology Antigen frequency*
Zw*, PIM 98%
ZwP, PIA? 28%
Ko® 99%
Ko?, Sib? 16%
Bak?, 84%
Lek?, Bak® 63%
Yuk®, Pen? 100%
Yuk?, Pen® <1%
Ca?, Tu? <1%
Mo?* <1%
Sr? <1%
Max? <1%
Gro* <1%
Duv?,

Va?, Sta

Nos, Hug

Sec?, Kha® Dom®, BI?

Bzh?, Efs®

Kno <1%
Sey, Cab2*" Cab3*t, War Lab®

Cab4b+ <1%

Abbreviations: BSS, Bernard-Soulier syndrome; CD, cluster of differentiation; Glanzmann, Glanzmann thrombasthenia; GP, glycoprotein; HPA, human

platelet antigen.

*Prevalence measured in cohort with Caucasian ethnicity. For a complete and continuously updated overview we refer to the Human Platelet Antigen
Database (https://versiti.org/products-services/human-platelet-antigen-hpa-database).

When HLA antibodies are formed, platelet refractoriness
and moderate to severe transfusion reactions may occur.’
No large datasets are currently available on the incidence
of HLA alloimmunization in GT or BSS patients. Results
from a number of small cohort studies with GT and BSS-
patients, demonstrate a broad incidence of HLA anti-
bodies formation of 9%-24%."°"1?

1.2 | Risk and incidence of HPA
antibodies in GT and BSS

Although 41 HPA antigens are known,'® five HPA's are
regarded as most clinically relevant due to their allele fre-
quencies in Caucasian population, expression levels and
immunogenicity: HPA-1a, 1b, 2b, 3a and 5b.** Immuniza-
tion against these antigens and subsequent production of
antibodies may lead to platelet transfusion refractoriness,
post transfusion purpura and feto-neonatal alloimmune
thrombocytopenia.'” For GT and BSS-patients these may
be even more relevant, as these HPA antigens are located

on the glycoprotein-complexes that are largely or
completely absent on GT and BSS-platelets.®”1*¢17 (See
Table 1) Theoretically, GT and BSS-patients may there-
fore have a higher risk of HPA antibody formation com-
pared with the general population. In daily practice risk
assessment depends on additional factors such as remain-
ing expression of HPA antigens on other tissues than
platelets, as is the case if GT is caused by mutations lead-
ing to absent expression of GPIIb. In genotypically HPA-
la positive patients, HPA-1a will still be expressed as
vitronectin receptor (a/ps) on endothelium and other
blood cells.>"*'®!® Reported incidences of HPA anti-
bodies range from 2.5% to 9% in small case-series." ">

1.3 | Risk of developing iso-antibodies in
GT and BSS

GT and BSS-patients may develop iso-antibodies directed
against common epitopes on the GP as well.*! Such iso-
antibodies appear as (pan-)positive results in platelet
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antibody tests such as the Monoclonal Antibody-specific
Immobilization of Platelet Antigen (MAIPA) with no
apparent specificity. All donor platelets will be recog-
nized by these iso-antibodies and no matching strategy
can be performed to prevent refractoriness. It is not
known if prevention of HLA or HPA antibody formation
has a role in prevention of iso-antibodies. But transfu-
sions with HLA and HPA-matched platelets may be use-
ful to prevent HLA and HPA antibody formation. To
date, no recommendations is given in the national guide-
lines in the Netherlands for platelet transfusion manage-
ment in these patient groups. Therefore we performed a
targeted literature search to create an overview of current
knowledge. Secondly, we investigated how Dutch hema-
tologists apply HLA and/or HPA-matched platelets in
pediatric and adult GT and BSS-patients. We subse-
quently combined the survey results with current evi-
dence from literature recommending a practical
approach.

2 | MATERIALS AND METHODS

2.1 | Literature search

We conducted a targeted literature search, using the fol-
lowing search terms “Glanzmann, Glanzmann throm-
basthenia, Bernard-Soulier syndrome, inherited platelet
(function) disorders, congenital platelet (function) disor-
ders, human leucocyte antigen, Human platelet antigen,
(platelet) refractoriness” in the PubMed database. Only
articles that were available in English as full text and
involved GT and BSS-patients were analyzed.

2.2 | Data collection

The survey was conducted among (pediatric) hematolo-
gists in the Netherlands specialized in the management
of IPDs and blood transfusion management. The survey
was designed by one investigator (EH) and peer-reviewed
in two rounds by two other investigators (JZ and MS).
Our survey was forwarded digitally via an online ques-
tionnaire (www.survio.com) program to all seven Dutch
Hemophilia Treatment Centers as well as several work-
ing parties (WP): WP of the pediatric hematologists of the
Dutch Society for Pediatrics (NVK), WP of benign hema-
tologists of the Dutch Society for Transfusion (NVB) and
the association of Dutch Hemophilia doctors (NVHB).
The survey was completed either by individual practi-
tioners or collectively by cooperating physicians working
in the same medical center.

2.3 | Data analysis
We have used descriptive statistics for the survey results,
using total number and percentage if indicated.

3 | RESULTS

3.1 | Literature

We found 20 articles describing a total of 483 GT-patients
and 29 BSS-patients, both adults and children.>* %203
See Table 2. Two publications focused on pregnant GT and
BSS-patients and neonatal outcome.'"'* Presence of HLA
antibodies in eight case-series and one review of >5
patients were reported in 49/265 (18.5%) pediatric and adult
GT-patients (range 6.5%-86%),>'>'"**** and in one case-
series of 3/18 BSS-patients (17%)."> It was often not clear if
the use of non-leukocyte-reduced platelet transfusions were
additional risk factors for the development of HLA anti-
bodies, so this was left out of the overview in Table 2. The
impact of the HLA antibodies causing platelet refractori-
ness and leading to additional treatment was not always
reported and ranged from 0 till 33%.'%*~2>*%

Presence of HPA antibodies in GT-patients were
reported in one case-series and one case-report.” In the
case-series, five out of seven French Gipsy GT-patients
had a genetic variant in the ITGA2B gene (coding for
integrin a2b or CD41).” This variant is strongly linked
to a homozygous HPA-1bb genotyping. In the one
case-report from 1989 a combination of HPA-la and
HPA-1b antibodies were detected in a pregnant GT-
patient. However, it is likely that this antibody pattern
would currently be classified as iso-antibodies, for dis-
crimination between iso-antibodies and HPA antibodies
was not performed or technically not possible then.'!
The other case-series do not mention HPA antibody
testing.

Neonatal complications resembling FNAIT were also
reported in GT-patients, ranging from postnatal low
platelet numbers (n = 3) and mild bleedings as mucosal,
conjunctival or skin bruises (n = 5) till severe gastro-
intestinal or intracranial bleedings (n = 5) and fetal or
neonatal death.’®'!*%?® In BSS-patients reported compli-
cations ranged from low postnatal platelet counts (n = 7)
till severe gastro-intestinal bleedings and intracranial
bleeds (n = 5) and neonatal death due to bleeding com-
plications (n = 4)."*2%*"* To note, none of the reports
mentioned preventive atraumatic approach during labor
nor if GT or BSS was ruled out in the neonate. Maternal
iso-antibodies were considered causal for fetal or neona-
tal bleeding complications in six of the GT-patients and
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in 10 of the BSS-patients of whom the pregnancy was
complicated with ~FNAIT.'01221:2628.2931.33.34 gy
pregnant BT-patients received weekly IVIG and in one
GT-patient plasma-exchanges were performed.''>"*°
Coexistence of maternal HPA antibodies was often
unknown. Healthy neonates and normal neonatal platelets
were seen as well (n = 3 in GT, n = 18 in BSS).!071%3134

3.2 | Survey results
3.2.1 | General demographics of survey
respondents

Twenty surveys were fully completed and used for analy-
sis. All respondents treated patients with IPDs: 50% had
1-10 patients with any type of IPD in follow-up (n = 10),
35% had 10-25 patients (n = 7) and 15% had >25 patients
with IPD (n = 3). Of the IPD-patients, GT- and BSS-
patients were treated in some but not all centers (range
0-4 GT-patients per center and 0-2 BSS-patients per cen-
ter). Overall, 36 GT and 29 BSS-patients were reported.
Determination of incidence is not possible due to possible
overlap in reported patients and the absence of specific
patient characteristics.

3.2.2 | | HLA and HPA antibody screening
and formation

Most respondents estimated the risk on HLA or HPA
antibody formation as likely (estimated risk for develop-
ment of HLA antibodies in GT and BSS-patients was
75%; and 60% for HPA, see Figure 1A,B). This high-risk
estimation was reflected in current practice: to prevent
alloimmunization in GT and BSS-patients, 15 respondents
routinely gave HLA-matched platelets in elective setting
(15/20, 75%). Three of these respondents also preven-
tively matched for HPA (3/20, 15%). The other five (5/20)
did not give HLA-matched platelet transfusions when no
HLA antibodies were formed or signs of clinical refracto-
riness present.

Preventive matching did not lead to a regular screen-
ing for the formation of HLA or HPA antibodies during
follow-up in all centers. If surveillance was part of rou-
tine medical care, HLA antibody screening was most fre-
quently performed in patients with GT (n = 13/20, 65%
at least once) and less frequently in BSS-patients (n = 7;
35%). For HPA antibody screening, this was 35% in GT
(n=7), and rarely done in BSS (n =3, 15%). See
Figure 1C. Positive test results on HLA antibody-
formation were reported equally in 5 GT and in 5 BSS
patients. For BSS, one pediatric hematologist added as a

note that HLA antibodies were confirmed in one 12 year
old child who had received 3 units of non-leucocyte
depleted platelet transfusions in Iraq. HPA antibodies
were found less frequent: four times in GT patients, and
two times in BSS patients. One pediatric hematologist
added as a note that HPA antibodies were found in a
14 year old child who had received 14 units of 5-donor
concentrated platelets before the age of 13, indicating
that HPA antibodies can occur at younger age. Negative
test results were found as well: 5 times respondents men-
tioned that they had tested their GT-patients and found
no HLA antibodies, and 5 times as well no HLA anti-
bodies were found in BSS-patients. See Figure 1D. Deter-
mination of incidence is not possible due to low number
and possible overlap in reported patients. The presence of
iso-antibodies has not been surveyed, because no transfu-
sion strategy can be performed to prevent or overcome
iso-antibodies.

3.2.3 | Motivations for HLA and HPA
antibody testing and preventive matched
platelet transfusions

If performed, reasons for testing HLA and HPA anti-
bodies varied from routine screening during follow-up
(n = 11), routine screening for scheduled platelet transfu-
sion in (n = 7) or clinical platelet refractoriness (n = 7).
Transfusion reactions or pregnancy were not reported as
reason.

Motivations to transfuse or not to transfuse HLA
and/or HPA-matched platelets in GT and BSS-patients
were very heterozygous (Table 3). In general, the reasons
for preventive HLA-matching resulted from the expecta-
tion that GT and BSS were more likely to develop HLA
more than HPA antibodies (n = 16). This was supported
by the wish to preserve the use of ready-available random
platelet transfusions, for example, in case an acute bleed-
ing would occur (n = 10). This motivation was explained
in more detail by the argument that there are not many
alternative treatments, other than recombinant FVII for
GT-patients (n = 1).

Availability of HLA and/or HPA-matched platelets
takes approximately 48 hours between donation and
transfusion in The Netherlands. In case of emergency,
this time is not available.

The motivations to refrain from transfusing HLA or
HPA-matched platelets were variable and less supportive
for the preventive use of HPA-matching than for HLA-
matching. The main argument against HLA and HPA-
matching was the absence of clear incidence numbers in
adults and children (n = 5). Furthermore, to match for
HLA was considered less urgent in the era of universal
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(A)— Perceived risk by surveyed (B)— Perceived risk by surveyed
physicians for development of HLA physicians for development of HPA
antibodies antibodies

m Likely mLikely
m Unlikely = Unlikely
Don't know Don't know
(C)- HLA and HPA antibody- (D)= Number of positive or
tests as routine care negative antibody tests reported

CONFIRMED POSITIVE TEST REPORTED NEGATIVE
ROUTINE SCREENING ONLY ON DEMAND RESULTS
mHLAINGT =HPAINGT =HLAInBSS HPA in BSS mHLAINGT =HPAINGT =HLAInBSS HPA in BSS

FIGURE 1 Risk assessment by surveyed physicians for HLA or HPA antibody development in Glanzmann thrombasthenia and Bernard
Soulier syndrome Total number of responders n = 20. BSS, Bernard-Soulier syndrome; GT, Glanzmann thrombasthenia; HLA, human
leucocyte antigen; HPA, human platelet antigen. [Color figure can be viewed at wileyonlinelibrary.com]

leukocyte filtration (n = 2). Two respondents remarked risk than HLA antibody formation. Finally, not all physi-
that matching for HPA did not prevent the development cians were aware of the possibility to transfuse combined
of iso-antibodies which they considered a more serious = HLA and HPA-matched platelets, but in The
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TABLE 3

Pros and cons with regard to HLA matched platelets

in Glanzmann thrombasthenia and Bernard-Soulier syndrome as

formulated by Dutch (pediatric) hematologists.

In favor of preventive
HLA matching

Prevention of HLA antibody
formation because I
consider this group a high-
risk group for developing
HLA antibodies due to
frequent platelet
transfusions (n = 16)

Prevention of HLA antibody
formation in elective
settings leaves the
possibility to use random
concentrated platelet
transfusion units in acute
settings (n = 10)

Prevention of HLA antibody
formation in order to
preserve HLA matched
platelet transfusions for
treatment, because there
are no/few other
treatment options for IPD-
patients (n = 1)

In favor of preventive
HPA matching

Same arguments as HLA
(n=2)

Against preventive HLA
matching

There is no or only sparse data
on the incidence of HLA
antibodies, proving that
alloimmunization for HLA is
higher in Glanzmann or BSS
patients (n = 1)

HLA matching is not suitable
in acute settings (n = 1)

My personal experience is that
the risk for HLA
alloimmunization is low, as I
have still to observe a
positive HLA antibody test in
Glanzmann or BSS patient

(n=1

I consider the risk to be low
after universal
leukodepletion (n = 2)

There is insufficient data on
the incidence of HLA
alloimmunization in
children (n = 1)

Potentially children are less at
risk for formation of HLA
antibodies, therefore this is
less relevant for young
children (n = 1)

Matching for HLA or HPA
does not solve the formation
of complete GPIIB/IIIA-
antibodies in Glanzmann
patients (n = 1)

It is not recommended in the
national transfusion
guidelines (n = 2)

Creates a precedential space
for other IPDs (n = 1)

Against preventive HPA
matching

I consider the chance of HPA
antibody formation
considerably lower than

(Continues)

TABLE 3 (Continued)

In favor of preventive
HPA matching

I have one adolescent
patients with Glanzmann
who did develop a HPA
antibody at young age, but
I do not know if this is an

TRANSFUSION-=

Against preventive HPA
matching

HLA antibody formation
(n=6)

I consider the risk for HPA
antibody formation low, as I
have never encountered a
positive HPA antibody test in
this group of patients (n = 1)

exception or the patient is
high-risk due to her
disease
Incidence numbers of HPA
antibody formation are not
available in the literature
(n=2)

Personally i have a lack of
knowledge on the topic
(n=5)

It is not recommended in the
national transfusion
guidelines (n = 5)

It is not possible to match on
HLA and HPA at the same
time; if indicated I prefer
HLA matching (n = 1)

Abbreviations: BSS, Bernard-Soulier syndrome; Glanzmann, Glanzmann
thrombasthenia; GP, glycoprotein; HLA, human leucocyte antigen; HPA,
human platelet antigen; IPD, inherited platelet defects; n, number.

Netherlands, donors can be selected based on both HLA
and HPA antigens.

3.2.4 | Use of corrected count increment in
GT and BSS

When HLA or HPA matched platelets are transfused, the
Dutch transfusion guidelines advise to measure the cor-
rected count increment (cci) as a measure for effect or
refractoriness in thrombocytopenic patients. BSS-patients
show mildly decreased till severely decreased platelet
counts, but GT-patients often have a normal
platelet count. We therefore investigated whether the GT
and BSS-patients were tested for platelet refractoriness
using cci: this was routinely done by n = 16 as “a stan-
dard procedure to evaluate effect (n = 13),” or as “a qual-
ity requirement after HLA or HPA matched platelets
(n =3).” The arguments not to use the cci routinely
were: “only useful in patients with severe thrombocyto-
penia (n = 1),” and “only used when there are clinical
signs of refractoriness (n = 3).”

85U8017 SUOWILLIOD BAIERI0 3(edldde auy A peusenob afe spie YO ‘38N JO Sa|nJ o} A%lq1 38Ul UO A8]IM UO (SUOTHPUOO-PUE-SWLBIW0 A8 |IMAleIq 1 BU1|UO//SdNL) SUORIPUOD PUe SWB | 8L 88S [7202/50/22] Uo ARiqITaulluO 3|1 YE8uiolqIgst RIS eAIUN Wepeloy AISIAIUN snuseIT AQ 728/ T" HY/TTTT'OT/I0p/W0o" A8 |1m Ake.d i pul|uo//sdny wolj papeoumoq ' ‘v202 ‘5662.8ST



HUISMAN ET AL.

= | TRANSFUSION

3.2.5 | HLA matching in other IPDs than GT
or BSS

In addition to the specific treatment strategies in GT and
BSS-patients, we surveyed the use of preventive HLA
and HPA-matching in other IPDs than GT or BSS. The
other IPD forms were not specified by the respondents.
Most physicians did not match for HLA in other IPDs
(13/20, 65%), but seven respondents mentioned to give all
IPD patients HLA and/or HPA matched platelets. Several
reasons were mentioned: transfusion-depending IPDs
(n = 3), other IPDs not classified (n = 3), routine prac-
tice, because all IPDs follow the same care pathway as
GT-patients (n = 1).

4 | DISCUSSION

41 | Conclusions

In current guidelines, recommendations for HLA-
matching are based on only three small cohort studies in
GT patients reporting the occurrence of HLA antibody
formation.'®*"*” Unfortunately, these studies do not pro-
vide sufficient insight in the effectiveness of prophylactic
transfusion strategies with HLA-matched products.®® In
absence of high-quality evidence on prophylaxis while
facing the practical and therapeutic dilemmas of HLA
antibodies when formed, some treatment guide-
lines®*'*¥**! or national transfusion guidelines have
implemented  prophylacticmatching.****  But some
national transfusion guidelines do not, as is the case in
the Dutch International Federation of Medical Specialists
(IFMS) guideline,* the Joint UK* or Canadian guide-
lines on transfusions.*® Recently published cohort-studies
confirm that 14%-30% of GT and BSS-patients will
develop HLA antibodies, some already in childhood
(reported incidence of 7%).>'071%2%227243% Thjs life-long
incidence is higher for male GT and BSS-patients than
the population-risk, but approaches incidences in post-
pregnant healthy women, as HLA antibody formation
occurs in 7% of healthy non-transfused male donors (95%
CI 6.3-7.8),*® and in 24%-33% of healthy female donors
after pregnancy.”** The impact of the developed HLA
antibodies, however, in patients with a platelet disorder
is clearly much higher than for healthy persons in the
general population, as the chance to receive a platelet
transfusion as prophylaxis or during severe bleeding is
much higher for GT and BT-patients. Not to notice the
lack of alternative treatment options to prevent or treat
serious bleeding. This makes preventive HLA-matching
an desirable strategy in GT and BSS-patients. This impact
is reflected in our survey results, showing that the

formation of platelet antibodies is estimated as a likely
risk by a large proportion of respondents leading to pre-
ventive matching for HLA antigens in elective setting.
This consensus is not unanimous for all Dutch hematolo-
gists, because of the absence of true incidence numbers
in thorough, prospective trial results leaving the risk
assessment incomplete. Although true incidence num-
bers can also not be deducted from our survey, we can
conclude that despite universal leukocyte reduction in
our country HLA antibodies still may occur in GT and
BS-patients, leaving this issue relevant.

Preventive HPA matching is not advised in current
guidelines and, as the survey shows, less frequently
applied by Dutch (pediatric) hematologists. True inci-
dence numbers cannot be presented from current
case-series, nor deducted from our survey. It was
mentioned only once in the survey to occur in an ado-
lescent with GT. In general, it remains unclear if this
is the result of a lower true incidence, difficulty in
screening when collateral iso-antibodies are present or
less intense surveillance. All we can conclude is that
HPA antibody formation may occur and in risk
groups such as pregnant GT and BSS-patients can lead
to extra treatment due to the risk of platelet refracto-
riness and neonatal complications as major bleedings
resembling FNAIT.'"'? Because serological tests in
GT-patients can be incongruent to HPA genotype,
genotyping HPA-antigens should preferentially be
performed.**®>°

The occurrence of iso-antibodies and their pathoge-
nicity has not been studied in our survey, but our litera-
ture review has demonstrated that it will be of
importance to investigate the existence of iso-antibodies,
because they may lead to platelet transfusion refractori-
ness and in pregnant GT or BSS-patients are associated
with fetal and neonatal complications. Although not
advised in a recent guideline on managing pregnancy in
GT-patients,” we consider it of importance to screen at
least all GT and BSS-patients with frequent platelet trans-
fusions and female GT and BSS-patients. Besides mater-
nal and perinatal care in pregnant women with GT and
BSS, we conclude that neonatal care needs special atten-
tion, as is demonstrated by the case-series and cases
described in Table 2.

4.2 | Recommendations
Combining the results of the current body of evidence
with the survey, we propose the following recommenda-
tions (See Figure 2):

Recommendations on screening in GT and BSS-
patients
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(>5% GP detectable on platelets by flow cytometry)

(<5% GP detectable on platelets by flow cytometry)

Avoid transfusions as much as possible by using recombinant FVII in GT, desmopressin or tranexamic acid in GT and BSS

Moderate risk of frequent platelet transfusions,
possible intermediate risk on HLA antibody
formation, unknown risk on HPA antibody

formation

Determine HLA class | type

Screen for HLA antibodies after frequent random
transfusions or non-leukocyte reduced transfusions

Transfuse leucocyte-reduced platelets, consider HLA-
matched in high-transfusion group; follow all
transfusions by increment measurements (cci)

If increment fail or transfusion reactions occur,
check for (extension of) HLA antibody-formation

When HLA or HPA antibodies develop, platelet
refractoriness or severe transfusion reactions
occur, move to high-risk arm

Consider treatment of pregnant women according
to high risk group arm

High risk of frequent platelet transfusions,
probable intermediate risk on HLA antibody
formation, unknown risk on HPA antibody formation

Determine HLA-class | type
Strongly consider HPA genotyping

Transfuse leucocyte-reduced, HLA-matched platelets in
elective setting; follow all transfusions by cci

Consider preventive HPA-matching, especially for HPA-1

If increment fail or transfusion reactions occur, check for
(extension of) HLA antibody-formation

Screen for the occurrence of iso and HPA antibodies
when HLA antibodies are present

Transfuse HPA-matched when HPA antibodies are
detected

Consider screening for iso- and HPA antibodies in
pregnant patients; also, monitor pregnant women in a
medical center with expertise in bleeding disorders and
FNAIT

Screen neonates on the occurrence of low platelets
when maternal iso- or HPA antibodies are present

FIGURE 2 Flowchart of HLA or HPA platelet matching in patients with Glanzmann thrombasthenia and Bernard-Soulier syndrome.
Abbreviations: BSS, Bernard-Soulier syndrome; CD, cluster of differentiation; cci, corrected count increment; FNAIT, feto-neonatal allo-

immune thrombocytopenia; GP, glycoprotein; GT, Glanzmann thrombasthenia; HLA, human leucocyte antigen; HPA, human platelet

antigen. [Color figure can be viewed at wileyonlinelibrary.com]

Perform HLA class I antigen typing in all patients,
children and adults. Preferably at diagnosis, but cer-
tainly when platelet refractoriness occurs or HLA class
I antibodies have been detected;

Screen at least once for the occurrence of HLA class I
antibodies in patients who in the past have been

transfused with random or non-leukocyte reduced
platelet transfusions. Also, screen patients with platelet
refractoriness that do not yet receive HLA-matched
platelets or have a HLA-donor match based on test-
results that do not fully match the own HLA-
haplotype. Consider extra screening in pregnancies. It
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is not clear from what age children will benefit from
this surveillance;

« Perform HPA genotyping at diagnosis for at least
HPA-1, and if possible also HPA-2, 3 and 5.

« Screen for the occurrence of iso-antibodies and HPA
antibodies when HLA antibodies have been formed.
Also, screen in case of platelet refractoriness despite
HLA-matching. Consider this extended screening in
pregnancy to assess peripartum and neonatal risk
strategy;

« Screen neonates on the occurrence of postnatal low
platelets when maternal iso-antibodies or HPA anti-
bodies are present.

Recommendations on treatment in GT and BSS-
patients

« Avoid platelet transfusions in GT-patients for example,
by using recombinant FVII when possible;

» Give preventive transfusion of HLA-matched platelets
in elective setting in GT and BSS-patients;

« Transfuse HLA-matched platelets when HLA anti-
bodies have been formed unless medical care cannot
be delayed while waiting for matched platelets in an
acute medical setting;

» Transfuse HPA-matched platelets when HPA anti-
bodies have been formed or platelet refractoriness
remains under HLA-matched platelets;

« Consider additionally HPA-matching of platelets in
patients with a HPA profile predisposing to the forma-
tion of clinical relevant HPA antibodies such as anti-
HPA-1a; Discuss the need for preventive matching in a
team with expertise on HPA-immunogenicity

« Perinatal management should be applied to all preg-
nant women in a medical center with expertise in
bleeding disorders and FNAIT. A postnatal transfusion
strategy for the neonate should be made in advance
when HPA antibodies are detected during pregnancy.

4.3 | Limitations and future perspectives
Our study has several limitations. It does not yield the
possibility to deduct incidence numbers for antibody for-
mation in the Dutch GT and BSS-patients. Overlap of
reported patients remains possible because responding
physicians may have been involved in treatment of the
same patients in different institutes. Therefore we do not
give an incidence number in this article.

Although we have based our recommendations on
the current body of evidence, trial results from literature
remain meager and this topic will need more research.
With the absence of thorough incidence numbers of HLA

and HPA alloimmunization as well as iso-antibody for-
mation at one side and the lack of identification for risk
factors such as age of the patient, HPA genotype profile,
non-platelet expression of HPA and the underlying
molecular GT and BSS-genotypes, it remains impossible
to detect the patients that will benefit the most from pre-
ventive matching. Obtaining more detailed information
on this patient characteristics and disease characteristics
in relation to platelet refractoriness and FNAIT should be
the main targets of future research to define the risk
groups that will benefit the most from preventive match-
ing programs. In line with this, high-quality trials provid-
ing data on preventive matching should follow. The lack
of these data makes a meta-analysis impossible to imple-
ment. While awaiting these research results, we have
chosen a conservative strategy in order to prevent as
much alloimmunization against HLA and HPA as possi-
ble, for the possibility to match on HLA and if necessary
also for HPA-antigens is available in The Netherlands.
The recommendations are based on the current Dutch
blood bank facilities and may not be implementable in
other settings.
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