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ARTICLE INFO ABSTRACT
Article history: Platelet refractoriness caused by alloimmunization to anti-HLA antibodies remains present
Received 7 February 2024 in daily hemotherapy: the frequent need for platelet transfusions may influence the long-
Accepted 31 August 2024 term survival of treated patients. This study aimed to perform a systematic review with
Available online xxx meta-analysis to investigate the chances of anti-HLA antibody formation triggering
immune-induced platelet refractoriness in platelet transfused individuals. By adopting Pre-
Keywords: ferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) criteria, a
Platelet transfusion search was conducted of publications in online databases between 1976 and July 2022. The
Hla antigens risk of bias in the studies was assessed according to the data quality assessment proposed
Antibody formation by the ‘A MeaSurement Tool to Assess systematic Reviews’ (AMSTAR-2) tool. Meta-analysis
Systematic Review was performed by evaluating the Forest and Funnel Plots. From 832 published articles, 50
Meta-Analysis were read in full with 14 studies being included in this systematic review. The forest plot

showed a likely low heterogeneity (1% 12.3%; p-value =0.32), and high odds ratio (174.57;
confidence interval: 73.23-416.16) showing platelet refractoriness is triggered by anti-HLA
alloantibodies. In this study, anti-HLA antibody formation contributed to an approximate
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175-fold higher chance of triggering immune-induced platelet refractoriness. Some explan-
ations about why some statistical differences were observed are offered by studies. This
study demonstrates the need for developing policies to identify and monitor anti-HLA anti-

bodies in patients, as well as for HLA matching, and makes some suggestions for future
research to promote the prevention of patient sensitization due to platelet transfusions
including the development of platelet refractoriness.

© 2025 Associagao Brasileira de Hematologia, Hemoterapia e Terapia Celular. Published by
Elsevier Espania, S.L.U. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).

Introduction

In platelet concentrate transfusions, human leukocyte anti-
gen (HLA) compatibility between recipients and donors is not
mandatory during the pretransfusion testing phase." Platelets
have antigens from the ABH system, Lewis, P, I systems,
Human platelet antigens (HPA), and Class I HLA antigens, but
only ABO and HLA antigens and HPA are relevant for post-
transfusion survival of platelets.™” Because of this, the patient
may receive antigens different from his genetic heritage at
each transfusion and develop sensitization to anti-HLA anti-
bodies.? This alloimmunization may trigger immune-induced
platelet refractoriness, that is, an excessive consumption of
platelet concentrates, without adequate therapeutic
response, and with complications that can be fatal.*

Non-immunological causes that can trigger platelet refrac-
toriness (60—70% of cases) include: disseminated intravascu-
lar coagulation (DIC); microangiopathic hemolytic anemia
(MAHA); active bleeding; sepsis; fever; splenomegaly; graft-
versus-host disease (GVHD); circulating immune-complexes;
bone marrow transplantation; veno-occlusive disease; drug-
induced thrombocytopenia (antithrombotics, infectious dis-
ease agents, histamine-receptor antagonists, analgesic
agents, chemotherapeutic and immunosuppressant agents,
cinchona alkaloids, platelet inhibitors, antirheumatic agents,
sedatives and anticonvulsant agents, and diuretic agents);
platelet dose/platelet quality due to the patient’s blood vol-
ume, storage temperature, improper mode of agitation and
pH, and platelet age.>’ However, 30-40% of cases are
immune related including: HLA antibodies (80—90%), HPA
antibodies (5-20%), HPA and HLA antibodies (5%), mis-
matched ABO antibodies, and platelet autoantibodies (e.g.,
platelet refractoriness related to an autoantibody to platelet
glycoprotein).>®

A recent prospective study of 3805 individuals pointed to
pregnancy and platelet transfusion as the main risk factors
for sensitization to anti-HLA antibodies: it was also observed
that alloimmunization occurs mainly from platelet concen-
trate transfusions.® Thus, anti-HLA antibodies may be present
in the serum of patients with a platelet concentrate transfu-
sion history. These alloantibodies are mostly of the IgG type*
and may contribute to the development of platelet refractori-
ness through the activation of the complement system by the
classical pathway, causing the deposition of C4b and C3b and
the formation of the membrane attack complex.*

Diagnosis can be by methods such as lymphocytotoxicity,
enzyme immunoassay, platelet antigen immobilization using

monoclonal antibodies, or flow cytometry. The gold standard
to detect anti-HLA antibodies in blood samples is the flow
cytometry technique (microspheres) called antibody reactiv-
ity panel, whose function is to identify anti-HLA antibodies,
ensuring reliability, sensitivity, and specificity of the
result. "2

Thus, this review investigated the chances of anti-HLA
antibody formation triggering immune-induced platelet
refractoriness in platelet transfused individuals using a sys-
tematic review with meta-analysis in order to improve the
statistical power of the research question.

Materials and methods

This systematic review was conducted according to the crite-
ria of the International Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) guidelines.™

Data sources and research strategy

The PICO (population, intervention, comparison, outcome)
strategy was used to formulate the following research ques-
tion, "Is there evidence that, in thrombocytopenic patients,
platelet transfusion with anti-HLA antibody formation
increases the chances of immune-induced platelet refractori-
ness?" PICO was defined as: P (thrombocytopenic patients), I
(platelet transfusion), C (anti-HLA antibody formation), and O
(platelet refractoriness).’* The Web of Science (Clarivate Ana-
lytics, Philadelphia, PA, USA), Scopus, PubMed, LILACS, BVS
Brasil, EBSCOhost MEDLINE, and SciELO databases were used
for the search with the descriptors and keywords shown in
Table 1. Publications in Portuguese, Spanish, Italian, and
English were considered with articles published from 1976 to
July 24, 2022 being included.

Inclusion and exclusion criteria

The selection stage included articles that met the following
criteria: investigation of anti-HLA antibodies in platelet-trans-
fused patients; cross-sectional studies or randomized clinical
trials, with or without transfusion reactions to platelets, in
Portuguese, Spanish, Italian, and English. The following
exclusion criteria were employed: research involving neo-
nates, and bone marrow or organ transplant recipients, case
studies, meeting abstracts, reference articles, letters, editori-
als, notes, news, abstracts and posters from conferences,
symposia, and meetings, discussions, book chapters,

Please cite this article as: L.J.B. Cabral et al., Anti-HLA antibody formation increases the chances of platelet refractoriness in platelet-transfused
patients: a systematic review with meta-analysis, Hematology, Transfusion and Cell Therapy (2025), https://doi.org/10.1016/j.htct.2025.103821

47
48
49
50
51
52
53

55
56
57

58

59
60
61

62

63
64
65
66
67
68
69
70
71
72
73
74
75
76

77

78
79
80
81

83
84
85
86
87


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.htct.2025.103821

1286015202193 (/9101 01 /810 10p//:5d11Y ‘(5Z07) AdRISYL [[9D pUe uoIsnjsuel], ‘A80[0jewaH ‘SISATRUE-BISUI ITM MIIASI D1}eW)SAS € :syuaned
pasnjsuen-1aaield ul ssauLIooea1 319[93e[d JO SSDURYD Y3 SSSEIDUT UOFeULIO) Apoquiue YH-IIUY “e 33 [eIqeD 'g'[T :Se S[DIHE SIy} 31D 9sed[d

Table 1 - Databases consulted, search strategy used with the PICO methodology in four languages, and the number of articles found.

Search strategy Database
AND AND AND WOS SCOPUS PUBMED LILACS BVS Medline SciELO
CENTRAL BRAZIL (EBSCOhost) Citation
Index
("aplastic anemia (platelets OR platelet  (“polytransfused pla-  (“anti-HLA” OR “HLA 129 5 6 4 1 686 1

"OR "myelodis-
plasic syndromes
"OR "leukemias
"OR “thrombocy-
topenic Patients"
OR “thrombocy-
topenia" OR
"anemia aplas-
tica "OR "sin-
dromes mielo-
displasicas "OR
"leucemias "OR
"pacientes trom-
bocitopénicos
"OR "trombocito-
penia "OR "sin-
dromes mielo-
displésicos "OR
"pacientes trom-
bocitopénicos "O
"sindromi mielo-
displasiche "OR
"leucemie "OR
"pazienti trom-
bocitopenici")

OR "platelet trans-
fusion "OR plaque-
tas OR "transfusao
de plaquetas "OR
"transfusao de pla-
quetas "OR "trans-
fusién de
plaquetas "OR
piastrine OR "tras-
fusione di pias-
trine")

telets” OR "platelet
polytransfused"
OR " ineffective
platelet transfu-
sion" OR transfu-
sion OR "plaquetas
poli-transfundi-
das" OR
"politransfusao de
plaquetas" OR "
transfusao de pla-
quetas ineficaz" OR
transfusao OR
"transfusién inefi-
caz de plaquetas”
OR transfusién OR
"piastrine politras-
fuse" OR " trasfu-
sione inefficace di
piastrine" OR tras-
fusione)

antibodies” OR
“anti-HLA antibod-
ies” OR “Class I
HLA” OR "HLA
antibody" OR
"anti-HLA" OR
"anticorpos HLA"
OR "anticorpos
anti-HLA" OR
"anticorpos HLA
classe I" OR "anti-
corpo HLA" OR
"anticuerpos anti-
HLA" OR "Clase I
HLA" OR "anti-
cuerpo HLA" OR
"anticorpi HLA" OR
"anticorpi anti-
HLA")

1Z8E0T:(XX)XXX!SZ07 "MIHL TTID SNASNVIL TOLVINIH
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corrections, additions, duplications, experience reports, liter-
ature reviews, bibliographies, reprints, guidelines and retrac-
tions of publications.

Data selection and extraction

The following data were extracted from the databases: publi-
cation year, author, publication title, abstract, keywords, jour-
nal title, institution, and country. These data were entered
into the Rayyan Systems Inc. - Intelligent Systematic Review
system version 0.1.0. A double-blind selection using the
titles and abstracts of articles that met the inclusion criteria
was made by two collaborators. A third reviewer resolved dis-
agreements and doubts. Afterward, selected articles were
read in full from the CAPES Portal Periédicos (CAFe access)
and Google Scholar. Mendeley Reference Manager v. 2.76.0
was used to organize the selected articles.

Data quality assessment

As proposed by Ma et al., the best instrument for assessing
the methodological quality of a systematic review is the ‘A
Measurement Tool to Assess Systematic Reviews’ (AMSTAR-
2) tool.’® This instrument was developed and adapted from
the Overview Quality Assessment Questionnaire (OQAQ), a
checklist created by Sacks with the improved version was
used for this paper.”’

Literature bias assessment

The Checklist developed by the Joanna Briggs Institute Critical
Appraisal Tools “Analytical Cross-Sectional Studies” was used
for cross-sectional studies and the “Checklist for Randomized
Controlled Trials” was used for one single study.’®'® The risk
of bias was considered high when positive responses were
<49%; moderate from 50 to 69% and low risk when positive
responses were >70%."?

Data synthesis and analysis

The RStudio v.4.2.2 Build 576 interface of the R-4.2.2 for Win-
dows program was used for the meta-analysis, using the gen-
eral package for meta-analysis. The Mantel-Haenszel
statistical method was used for the binary variables, and odds
ratios (ORs) were obtained, given the cross-sectional nature of
most of the studies. Forest plot descriptive statistics were
used to compare studies, where 1> <30%, 30—-60%, 61-75%,
and >75% are suggestive of low, moderate, substantial, and
considerable heterogeneity, respectively with the significance
of this heterogeneity being agreed upon at a conservative
level of p-value <0.01 ?>?'. The OR of the random or fixed
(common) model was chosen. A funnel plot was also con-
structed to investigate the bias of all selected publications in
this study.

Results

Table 1 shows the articles found in the different databases,
the descriptors, and keywords. The PRISMA flowchart shows

the entire data selection process and the number of articles
included in this study (Figure 1). Of the 50 articles read in full,
33 papers were excluded for the reasons shown in Supple-
mentary Table 1. Therefore, 14 papers (from 1976 to 2019)
were included in this meta-analysis as listed in Supplemen-
tary Table 2. The risk of bias evaluated using the instruments
developed by the Joanna Briggs Institute can be seen in Sup-
plementary Tables 3 and 4. It was noted that the randomized
study conducted by Hess et al. ** presented a medium risk of
bias with a percentage of 61.5%, while all cross-sectional stud-
ies presented a low risk of bias with percentages ranging from
87.5% to 100%.

From the articles initially selected, due to the impossibility
of performing a meta-analysis, the publications that did not
present data from refractory individuals and from which it
was not possible to perform the calculations were excluded
(Supplementary Table 5). Table 2 shows all studies included
in the meta-analysis and presents the data entered in the R
program. Table 3 shows the sum of the cases for each aspect
of refractoriness to anti-HLA antibodies and the performance
between refractory versus alloimmunized patients using the
chi-square test with Yates correction (or Fisher’s exact test) in
OpenEpi v. 3.01 online software.?®> The test shows that the
immunological aspect of developing refractoriness by anti-
HLA antibody formation is not statistically significant com-
pared to alloimmunized patients by non-immunological fac-
tors (p-value = 0.2708). Figure 2 shows the Forest Plot, which
shows the low heterogeneity of the included studies (I% 22%;
p-value=0.21; OR: 153.29 confidence interval [CI]: 69.88
—336.26). The Funnel Plot shown in Figure 3 demonstrates the
considerable symmetry in the distribution of studies (repre-
sented by dots). Therefore, it confirms the low heterogeneity
and low biases of the studies. However, the study by Comont
et al.** was outside the pyramid, even so the standard error
(1.0 <DP/+/n < 2.0) was similar to the others. As per the funnel
plot, the papers by Wu et al.>* (DP/+/n >2.0) and Pena et al.”
(DP/+/n>2.0) had the highest standard errors relative to the
total nevertheless, like the others, they remained within the
statistical CI.

Data on the studies of Wu et al.?”>, Murphy et al.”’, Godeau
et al.?®, Novotny et al.?’, Bajpai et al.*°, Lin et al.’?, Pai et al.*?,
Jackman et al.>*, Enein et al.**, Kumawat et al.>*, Herndndez et
al.*®, Hess et al.??, Comont et al.?*, Pefia et al.?®.

The Forest Plot in which the studies were included showed
a probable low level of heterogeneity, represented by
2=12.3% and p-value =0.32. Therefore, the random or fixed
model was adopted (OR: 174.57 (73.23-416.16).

The Funnel Plot showed considerable symmetry in the dis-
tribution of the studies (represented by the dots), starting
from the central vertical line of the pyramid, and therefore
confirms the low heterogeneity and, consequently, the low
bias of the studies.

A new graphical analysis was performed, without the
study by Comont et al.>*. This showed a lesser heterogeneity
(’=0; p-value=0.55) and the permanence of a high OR
(122.77; CI: 53.82—280.03) thereby causing the standard error
of Wu et al.?® and Pena et al.?® to decrease (data not shown).
However, since this new analysis confirmed the need to
investigate the works of Comont et al.,>* Wu et al.,”” and Pena
et al.,”® Figure 2 and Figure 3 were considered for analysis.
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[ Identification of studies via databases and registers J

e
Records (n = 832) identified from*
£ WoS (n=129)
g Scopus (n=5) 5o
g Pubmed Central (n = 6) Records removed before screening:
£ LILACS (n=4) Dunli d J
g BVS Brazil (n = 1) - > . uplicate records were remove
=t Medline EBSCO/host (n = 686) by automatic detectfon (Rayyan)
SGiELO Citation Index (n = 1) and by manual checking (n = 96)
—
Records excluded**
Records screened by title and (n = 686) by double-blind checking (>94% of accordance) and
abstract; Year: 1976-2022. —— b | five articles conferred with a third reviewer (two selected)
(n="736) e Reasons: background article, study design, wrong
l population, without anti-HLA antibodies test results
e | Reports not retrieved
Reports sought for retrieval on Due to language (not included in inclusion criteria of language)
éﬂ Mendeley Reference Manager » e French(n=2)
§ (n=350) e Korean(n=1)
}
w
g G Reports excluded
Reports assessed for eligibility . _
(n = 47) to read in full text —> e No platelet transfusion (n = 1) ' .
e Post-Stem Cell/-Bone marrow/ -Kidney/ -Liver Transplant (n = 12)
e  Case report (n=3)
e The diagnostic assay validation approach (n = 2)
e  Platelet storage (n=1)
e No Hemotherapy (n= 1)
e No Available on Online Periodicals/ Not possible to read fully (n=1)
e No quantity of patients with platelet refractoriness (n = 6)
e Not possible to perform a meta-analysis (6)
=
-5: Studies included in review
5 (n=14)
=
Figure 1-PRISMA flow diagram for the systematic review.
197 Supplementary Table 2 shows all the included studies. In

198 total, 2577 patients were investigated, and a prevalence of Discussion 219

199 12.92% (333/2577) of anti-HLA antibodies was found in refrac-
200 tory individuals.

201 Moreover, as frequent antibodies within the studied popu- ) ) ) ) -
202 lation were not one of the inclusion criteria in this study and ipants evaluated with platelet refractoriness than with anti- 222

203 the adopted methodologies have distinct analysis methods, HLA antibody formation. One explanation for this is by under- 223
204 only the studies by Wu et al.”® Pai et al.*? and Pefia et al.?° standing that platelet alloimmunization occurs from expo- 224

205 showed anti-HLA antibodies specificities (Table 4). The most sure to.antlgens .pres,ent in the pla.telets .Of the .dor.10r and 225
206 common anti-HLA antibodies found in the first study were A2 absent in the patient’s platelets. This alloimmunization can 226
207 and X, the last named due to the incipient serological occur through non-immunological mechanisms such as sep- 227

208 approach. The second study presented the following highly sis, fever,. (.fhssemmated 1nt1.ravascu1ar coagulatlon,. drugs 228
209 reactive public epitopes (shared by different HLA types): (amphotericin-E), hypersplenism, platelet consumption by 229
210 145QRT, 65QIA, 62QE, 127K, and 163EW. Also, a common pri- ~ [emorhage, or by immunological mechanisms of HLA 230
211 vate epitope was found: 151AHA (with HLA-A11 specificities) alloantibodies, ABO alloantibodies, platelet-specific alloanti- 231
212 The third study mentioned only one patient (52 years old) bodies, as well as autoantibodies.?” However, in this review, 232
213 with two pregnancies and a regimen of platelet transfusions the focu's was on' allolmm.umz.atlon by the immunological 233
214 at: a) Day 6: HLA-B7 and HLA-B81 were the most common ~ echanismofanti-HLA antibodies. 234
215 antibodies with high mean fluorescence intensity values; and {\ccordmg to some papers, it \.)Voul.d bEJUStlﬁ?ble that some 235
216 b) Day 22: stronger mean fluorescence intensity results for patients formed anti-HLA antibodies that did not trigger 236

217 HLA-B7 and HLA-B81, followed by appearances of antibodies platel'et refractor.mess. For thlS', o'ne)ustlﬁcatlo{n that ex1'sts in 237
218 against HLA-A68, A69, A24, A2, A23, and B67. the literature is the description of transient anti-HLA 238

In the papers by Jackman et al.,** Enein et al,'’ Kumawat et 220
al.,’® Hess et al.,”” and Comont et al.,** there were more partic- 221
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Table 2 - Quantitative data on the number of patients with the presence or absence of refractoriness and anti-HLA antibody

formation in the 14 studies.

Author Technique Refractoriness® Anti-HLA antibodies® Total (n) Rstudio program®
Present Absent Present Absent evtto ntto evcont ncont

Wu et al.,” LCY (One Lambda) and PA (Payton 6 3 6 3 C) 6 6 0 3
associates)

Murphy et al.,”’ LCT (Mittal) 20 116 37 99 136 20 20 17 116

Godeau et al.,” LCT (Mittal) and MAIPA (Kiefel etal) 1 49 13 37 50 1 1 12 49

Novotny et al.”® LCT and PRA > 2 0% and MAIPA (HLA 31 133 48 116 164 31 31 17 133

) w6/32)

Bajpai et al.*® LCT > 2 0% (Terasaki e McClelland) 18 32 30 20 50 18 18 12 32
and PSIFT

Lin etal.* Flow Cytometry using donor plate- 31 13 28 16 44 28 31 0 13

let concentrates + kit FlowPRA™
(One Lambda)

Pai et al.** Luminex Assay (LifeScreen, Tepnel 19 54 23 50 73 19 19 4 54
Lifecodes Corporation, Stamford,
CT)

Jackman et al.*® Luminex /LabScreen assay (One 80 110 20 170 190 20 80 0 110

Lambda, Canoga Park, CA). Results
with NGB. NGB > 10,8 (Class  HLA
antibodies) and NGB > 6.9 (Class II
HLA antibodies) were the cutoffs.

Enein et al.” FlowPRA screening kit, (OneLambda 13 7 6 14 20 6 13 0 7
Canoga Park, USA). And CDC
Kumawat etal>>  ELISA kit (Pakplus, GT diagnostic, 21 9 18 12 30 18 21 0 9

USA) on three occasions (upon
acceptance into the study, after 3
weeks or four transfusions,
whichever occurred earlier, and at
the end of 3 months)
Hernandez etal>° Microlymphocytotoxicity for identi- 14 57 26 45 71 14 14 12 57
fication of HLA antibodies and
Polyethylene glycol 6000 method
for identification of circulating
immune-complexes
Hess et al.”? CClI and PRA Class I HLA (FlowPRA 102 614 40 776 816 40 102 0 614
Screening Kit, One Lambda Corp,
Canoga Park, CA, USA);
Comont et al.** Luminex/ LABScreen Mixed and 41 856 31 866 897 31 41 0 856
Class I HLA Single Antigen (One
Lambda). Confirmed the most
reactive with LCA-CDC using a 60-
cell panel.
Pena et al.”® Screening was performed with phe- 7 20 7 20 27 7 7 0 20
notyped beads from the LAB-
Screen PRA (One Lambda Thermo
Fisher; Luminex). If positive, sin-
gle beads (LABScreen single anti-
gen; One Lambda Thermo Fisher)
were used. The strength of reac-
tivity was reported as MFI. PRA
was calculated using Fusion soft-
ware (One Lambda Thermo
Fisher). Overall, MFI>1000 was
considered positive, although
standard reactivity was also con-
sidered. The percent of antibody
reactivity panel calculation was
determined by the online calcula-
tor optn.transplant.hrsa.gov/con-
verge/resources/allocationcalcula-
tors.asp

CDC: complement-dependent cytotoxicity assay; ELISA: enzyme-linked immunosorbent assay; LCT: lymphocytotoxicity; MAIPA: monoclonal
antibodies; MFI: mean fluorescence intensity; PRA: Panel Reactive Assay; NBG: normalized background.

#Number of refractory individuals and those who formed anti-HLA antibodies.

®In the RStudio program, the general package for meta-analysis package was adopted to create Forest plot and Funnel plot graphics. From the
reasoning of the 2 x 2 contingency table: (I) evtto represents the number of individuals who formed anti-HLA antibodies and were refractory,
(I) ntto the sum of refractory individuals who did or did not have anti-HLA antibody formation, (III) evcont the number of individuals who were
not refractory but developed anti-HLA antibodies, and (IV) ncont the sum of non-refractory individuals who did or did not have anti-HLA anti-
body formation.
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Table 3 - Results of chi-square test with yates correction (or fisher’s exact test) between refractory versus alloimmunized

patients with anti-HLA antibodies.

Refractoriness?® Anti-HLA antibodies® Total (n) OpenEpi v. 3.01

Present Absent Present Absent Chi-square® R NR

n n n n

404 2073 333 2244 2577 anti-HLA+ 333 2073
anti-HLA- 404 2244

Yates corrected chi-square (2-tail) Fisher’s exact (2-tail) Odds ratio Confidence interval

p-value =0.1662 p-value =0.1659 0.8922 [0.7627, 1.044"]

Note: *From reading the complete article, the number (n) of cases with or without refractoriness and those who formed or did not form anti-HLA
antibodies were noted. PAccording to the 2 x 2 contingency table theory, the chi-square test was used considering as “disease” the refractori-
ness state and “exposure” anti-HLA antibody formation.

Experimental Control Weight Weight
Study Events Total Events Total Odds Ratio OR 95%-Cl (common) (random)
Wu et al. (1976) 6 6 0 3 —— 91.00 [ 1.46; 5656.47] 2.3% 4.1%
Murphy et al. (1987) 20 20 17 116 # 233.11 [13.47; 4034.22) 6.5% 8.0%
Godeau et al. (1992) 1 1 12 49 T 9.00 [ 0.34; 235.38] 12.3% 6.3%
Novotny et al. (1995) 31 31 17 133 — 419.40 [24.54; 7167.94] 5.4% 8.1%
Bajpai et al. (2005) 18 18 12 32 L) 60.68 [ 3.35; 1098.11] 12.3% 7.8%
Lin et al. (2007) 28 31 0o 13 # 219.86 [10.59; 4564.65] 3.9% 7.2%
Pai et al. (2010) 19 19 4 54 T 437.67 [22.50; 8514.80] 3.1% 7.5%
Jackman et al. (2013) 20 80 0 110 L 74.88 [ 4.45; 1259.93] 16.2% 8.2%
Enein et al. (2013) 6 13 0 7 T 13.00 [ 0.62; 274.31] 17.5% 71%
Kumawat et al. (2015) 18 21 0 9 - 100.43 [ 4.69; 2152.02] 5.6% 71%
Hernandez et al. (2015) 14 14 12 57 i 10556 [ 5.88; 1895.27] 8.8% 7.9%
Hess et al., (2016) 40 102 0 614 - 796.39 [48.38;13109.21] 4.5% 8.3%
Comont et al. (2017) 31 4 0 856 ——— 5139.00 [294.53; 89665.89] 0.6% 8.0%
Perfia et al. (2019) 7 7 0 20 615.00 [11.17;33853.28] 0.9% 4.4%
Common effect model 404 2073 171.89 [75.16; 393.10] 100.0% .
Random effects model ) I 174.57 [73.23; 416.16] . 100.0%

Heterogeneity: /° = 12.3%, t° = 0.3294, p = 0.3181
0.001 0.11 10 1000

Figure 2-The Forest Plot of the 14 papers presenting the odds Ratio data from the quantitative data of anti-HLA antibody for-
mation and triggering platelet refractoriness.
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Figure 3-The Funnel Plot of the 14 papers presenting the risk of biased data from the quantitative data of anti-HLA antibody
formation and triggering platelet refractoriness.
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Table 4 - Most common anti-HLA antibodies found in the studies.

Authors Anti-HLA antibody

Wu et al.,”®
Murphy et al.,”
Godeau et al.,?®
Novotny et al.,”’
Bajpai et al.,*”
Lin et al.,**

Pai et al.,*?

A2 and X
Multispecific (it was not possible to discriminate)

Antibodies not specified
Antibodies not specified

(with HLA-A11 specificities)
Jackman et al.,**
Enein et al.,**

Kumawat et al.,*®

Antibodies not specified, only said they were against Caucasian HLA antigens of cryopreserved lymphocytes

Common and rare HLA class I antigens, but not specified
Highly reactive public epitopes: 145QRT, 65QIA, 62QE, 127 K, and 163EW. Most common private epitope found: 151AHA

HLA Class I antigens, but not specified (samples from TRAP study included)
HLA Class I and Class II antigens, but not specified
HLA Class I antigens, but not specified. A significant association between HLA antibodies with (HPA)-5b/5b antibody (p-

value = 0.033) associated with refractoriness was found

Hernandez et al.,*®

Hess et al.,??
Comont et al.,**
Pena et al.,®

Antibodies not specified
HLA Class I antigens, but not specified
HLA Class I antigens, but not specified

From one patient (52 years old) with two remote pregnancies: a) Day 6 with routine PLT transfusions: HLA-B7 and HLA-B81;

b) Day 22: mean fluorescence intensity stronger results of B7 and B81, followed by appearances of antibodies against A68,

A9, A24, A2, A23 and B67

antibody formation, which disappeared after four weeks or
did not persist under remission induction chemotherapy dur-
ingleukemia treatment.””-*

Also, in this work, the stratification of two groups was con-
sidered, prospective and retrospective cross-sectional groups,
because the authors stated that they understood that, for pro-
spective studies, the OR can overestimate the chances of the
outcomes *%, which may cause high statistical values. A situa-
tion that was very much present in the study of Comont et
al.>* (OR: 5139; CI: 294.53-89,665.89). Nevertheless, due to the
low heterogeneity found (I>=12.3%; p-value=0.32) and the
low number of studies that would result from stratification,
the forest plot was generated with all 14 articles.

From the results of the meta-analysis, two studies deserve
particular attention: Godeau et al.?® (OR: 9; CI: 0.34—235.38),
and Enein et al.>* (OR: 13; CI: 0.62—274.31), because of their Cls
reaching an OR <1 and Comont et al.?* (OR: 5139; CI: 294.53
—89,665.89), because of the high OR and CI compared to the
others.

The study by Comont et al.** was the one that reported the
most medical treatments, and perhaps, that is why it had a
high OR and CI and was outside the 95% CI of the funnel plot.
Moreover, its sample population was much larger than the
other studies (n=2856). The study by Godeau et al.?® included
patients who had not yet received platelet transfusions caus-
ing the CI to reach higher values than the other studies. In the
Wu et al.,,”” study, one can suppose that the high standard
error seen in this study might be due to the old methodology
adopted, low participation in the research, and the absence of
transfusions received by the participants before the beginning
of the investigation.

The study by Enein et al.>* found that the number of trans-
fusions and the age do not influence the formation of anti-
HLA antibodies that may explain the CI reaching an OR <1. In
other words, the presence of anti-HLA antibodies may not
have been triggered by multiple platelet transfusions. In addi-
tion, in this study, all were men, and it is well known that
they are less exposed to alloimmunizations than women. The

study by Pena et al.?® presented a possible association with a

non-hemolytic transfusion reaction and performed predictive
calculations of anti-HLA antibody formation. Perhaps these
features increased the standard error relative to the other
studies that did not take this approach. Furthermore, in some
studies such as those by Jackman et al. *, Enein et al.,’
Kumawat et al.,> Hess et al.,’? and Comont et al.,** there
were more participants evaluated with platelet refractoriness
than with anti-HLA antibody formation. In only two studies,
Wu et al.”” and Pena et al.,”® the numbers of participants who
developed the antibodies and were platelet refractory were
the same.

Thus, a high OR for anti-HLA antibody formation triggering
immune-induced platelet refractoriness is presented (OR:
174.57; CI: 73.23—416.16), suggesting that anti-HLA antibody
formation may contribute to a 175-fold greater chance of
immune-induced platelet refractoriness. The studies by Bou-
quegneau et al.*’ (hazard ratio [HR]: 2.71; 95% CI: 1.98-3.72)
and Kang et al.*° (relative risk [RR]: 2.09; 95% CI: 1.53—2.86)
pointed out that anti-HLA antibodies mediated by the com-
plement system impaired survival and increased the risk of
allograft rejection. Therefore, investigating the formation of
anti-HLA antibodies is very relevant because it can assist in
the follow-up and therapeutic strategy of individuals after
transplantation and after transfusion.*>*? Nevertheless, bone
marrow or organ transplant recipients were not included in
the selection of articles in this study because a prior allosensi-
tization of anti-HLA antibodies could be added to sensitiza-
tion by platelet donation.**™**

These studies do not inform which HLA antibodies were
found, with only three studies by Wu et al.,”® Pai et al.,’” and
Penia et al.” showing specificities of anti-HLA antibodies. The
studies by Wu et al.”® and Pena et al.*® showed antibodies
against the HLA-A'02 allelic group. As seen in allelefrequen-
cies.net,*® this is the most diverse allelic group present in all
populations around the world, especially the following popu-
lations from the Americas: USA San Francisco Caucasian HLA
(n=220; allele frequency [AF]: 0.755), Mexico Zapotec NA-
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DHS_7 (G) HLA (n = 20; AF: 0.7), Mexico Mixe NA-DHS_6 (G) HLA
(n=20; AF: 0.7), Ecuador Cayapa HLA (n=183; AF: 0.762), and
Bolivia/Peru Quechua NA-DHS_12 (G) HLA (n=21; AF: 0.785),
considering frequencies over 70%. On the other hand, popula-
tions for which there were no reports of its presence were:
Colombia Kogi NA-DHS_17 (G) HLA (n=15; AF: not reported),
Brazil Vale do Ribeira Quilombos HLA (n=144; AF: 0), India
West Coast Parsi HLA (n=50; AF: 0), Papua New Guinea
Wosera Abelam HLA (n=131; AF: 0), Papua New Guinea West
Schrader Ranges Haruai HLA (n =55; AF: 0), Papua New Guinea
Madang HLA (n=65; AF: 0), Papua New Guinea Karimui Pla-
teau Pawaia HLA (n=280; AF: 0). and Papua New Guinea East
New Britain Rabaul HLA (n = 60; AF: 0).

In the study by Pai et al.,,*> antibodies against HLA-A*11
were detected. According to the allelefrequencies.net, this
allelic group has a low distribution around the world and is
only found in a few South and Southeast Asian countries
(India, Myanmar, China, Vietnam, Malaysia, Thailand, Tai-
wan, and the Philippines). High expressions of this allele are
found in Myanmar Kayar (n=55; AF: 0.655). It is almost absent
in the countries of sub-Saharan Africa (Natal Zulu, Burkina
Faso, and Mozambique), North Africa (Morocco, Algeria, Tuni-
sia, Sudan), and Australia.

From the point of view of clinical importance, HLA poly-
morphisms can generate a certain degree of susceptibility or
be a protective factor against diseases since two of the most
common mechanisms can affect the diversity of these alleles:
1. frequency-dependent selection, in which an individual
with a rare allele may have a chance of survival in an epi-
demic and 2. heterozygous advantage, in which the individual
may be better prepared to fight different pathogens by having
a wide repertoire in the adaptive immune system, including
Treg cells. Thus, HLA may play a direct role in predisposing to
disease, or the polymorphism may be in linkage disequilib-
rium, and HLA acts as a marker.*”"*® For example, one study
appointed greater HIV vaccine efficacy for participants who
expressed HLA A*02.*°

Taking everything into account, we can see that if there is
a population with similar HLA proteins and these proteins are
present on platelet surfaces, allosensitization of an immuno-
logical cause is somewhat predictable and can trigger platelet
refractoriness and hinder the expected transfusion response.
Therefore, when all hypotheses of non-immunological causes
have been ruled out in the hemotherapy service, it is essential
to investigate this immunological cause or integrate it into
the daily transfusion service to prevent this from happening,
especially in patients who are going to undergo multiple
transfusions or who have a history of transplants, pregnancy,
or previous transfusions.

In eight of the fifteen studies (Table 2), the most widely
used methodology for detecting anti-HLA antibodies was the
cell-based complement-dependent cytotoxicity assay (CDC), a
technique introduced by Terasaki and McClelland in 1964.>°
The CDC is a technique based on cell lysis mediated by the
binding of HLA molecules (expressed on the cell surface) to
specific anti-HLA antibodies with subsequent activation of
complement system proteins. This methodology, despite
being low-cost, has some limiting factors such as different
levels of expression of HLA antigens on the cell membrane,
sensitivity to changes in reagents, incubation time or washing

steps, and requires high cell viability and high purity, and
may be susceptible to contamination with red blood cells, pla-
telets or granulocytes.”*? There are also methods for detect-
ing antibodies using solid-phase assays such as microtiter
plates like the enzyme-linked immunosorbent assay, and
microbead tests in a flow analyzer, based on Luminex®/Flow-
PRA™ technologies. The advantages of these methods are
greater sensitivity, less subjectivity in interpreting the results,
and the ability to identify antibody isotypes and detect com-
plement-fixing and non-fixing antibodies. Some disadvan-
tages are the high cost, reagent inconsistency, particularities
of the cytometer, and the conformation of HLA epitopes that
can change after purification.””

This review did not find biases in the studies as shown by
the funnel plot, revealing a good selection and database
search, i.e., with minimal inclusion of gray literature. The
results were shown to have low heterogeneity. Furthermore,
although the investigation of immune-induced refractoriness
by the formation of anti-HLA antibodies in patients has
existed since the 1950s,”® several clinical studies are being
carried out which have a high distinction in the quantitative
sample population and techniques employed. Therefore,
there is no methodological consensus on transfusion in the
literature, and no systematic review with meta-analysis has
been carried out with the current research question. In Brazil,
the investigation of anti-HLA antibodies is not mandatory in
pre-transfusion testing of platelet concentrates, unlike the
investigation of antigens in red blood cell concentrates. This
study, therefore, is concerned with individuals receiving mas-
sive platelet transfusions. Because of their underlying dis-
ease, they may be exposed to transfused platelet antigens
and be sensitized with anti-HLA antibodies, potentially trig-
gering immune-induced refractoriness with potentially life-
threatening consequences.

Taking into account the reality closest to the authors (in
Brazil), according to Consolidation Ordinance No 5, Annex IV
(54). which deals with blood, components, and their deriva-
tives, the mandatory pre-transfusion tests for platelet con-
centrates are: 1) ABO (direct and reverse) and RhD typing in
the recipient’s blood and 2) testing for irregular anti-erythro-
cyte antibodies in the recipient’s blood. As can be seen, the
research has an erythrocyte immunohematology approach
only, but it is known that platelets have specific antigens
(HPA), as well as HLA and ABO antigens. According to the
same ordinance, "The pool of de-leukocytes platelet concen-
trates, obtained from whole blood, must contain <5.0 x 10°
leukocytes or each unit must contain <0.83 x 10°
leukocytes”.>***

The double-blind, prospective, randomized, multicenter
study conducted by The Trial to Reduce Alloimmunization to
Platelets Study Group®® provided one of the first pieces of evi-
dence on the equal effectiveness of different methods of
platelet treatment by leukoreduction and ultraviolet B irradia-
tion in preventing alloimmunization and refractoriness to
platelet transfusions in patients with thrombocytopenia due
to acute myeloid leukemia. This evidence has led to clinical
implications and recommendations, currently applied in Bra-
zil. This includes the use of leukoreduced and irradiated pla-
telets in certain groups of patients as part of the transfusion
protocol, intending to significantly reduce the development of
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antibodies and alloimmune refractoriness when bags with fil-
ters are used to reduce the incidence of antibodies present in
contaminated leukocytes found in the remaining plasma, as
demonstrated by Brand et al.”’. Therefore, despite this possi-
bility of deleukocytation, the multi-institutional study TRAP
also showed that 17%—20% of patients developed anti-HLA
antibodies even after leukoreduction processes °°.

Duquesnoy et al. pointed out that platelets with cross-
reactive HLA antigen compatibility can contribute to refrac-
tiveness, since even with HLA compatibility, unsatisfactory
results can sometimes occur. This can be explained by the
presence of non-HLA antigens, such as HPA.>® Also, thrombo-
cytopenic patients may not be able to undergo complete
platelet phenotyping (including HPA) due to the insufficient
number of samples. There is one caveat to these specific anti-
gens (HPA): the genotype does not always correspond to the
phenotype, especially in patients who are heterozygous for
hereditary thrombopathies such as Glanzmann thrombasthe-
nia and Bernard-Soulier syndrome. In other words, the
patient may have a heterozygous genotype profile, but pheno-
typically have homozygosity, because one of the alleles is not
expressed on the platelet surface.” "’

The first factor to be addressed that can contribute to the
fact that this investigation of anti-HLA antibodies is not yet
required as a pre-transfusion test is that it is known that HLA
antigens are highly polymorphic, making it difficult to obtain
several HLA-typed donors and thus provide HLA-compatible
platelets for allosensitized patients. Secondly, it is important
to remember that in these polymorphic HLA regions, there
are epitopes shared between private and public antigens, so it
is also necessary to analyze cross-reactivity, as this approach
can help sustain an HLA-compatible platelet program, reduc-
ing the number of donors needed.®® Thirdly, there is variable
expression of HLA antigens on the surface of platelets.
Fourthly, the satisfactory survival of platelets due to HLA
compatibility is not absolute as pointed out by the studies
selected in this systematic review, due to other immunologi-
cal factors like HPA or non-immunological factors that were
not covered here. Fifthly, the investigation of immune-
induced platelet refractoriness or the consideration of its pre-
vention should be carried out in partnership between erythro-
cyte immunohematology, platelet immunohematology, and
immunogenetics laboratories. At the very least, this requires
alignment between institutional management, a multi-pro-
fessional team, the necessary equipment for the laboratory
activity, and reproducible and applicable protocols to enable
collaboration, sharing, and discussion of cases between the
medical and scientific communities. Unfortunately, this
entire organization is not yet present in Brazil or even glob-
ally, due to inter-laboratory and intra-laboratory differences,
and the distinct availability of financial resources.

It is a practice with many obstacles, but with institutional,
essentially staff support, theoretical and technical training, it
is possible to do a good job as seen in some hospitals like Hos-
pital das Clinicas de Porto Alegre (HCPA) where they demon-
strated a good response with the use of a platelet protocol.®®
In this way, it will not only be possible to increase the survival
of platelets in the individual but also to reduce transfusions
(saving blood components that depend on the solidarity of
blood donation and corroborate with the recent research on

patient blood management), as well as minimizing hospital-
izations in emergency rooms at transfusion agencies and
reducing hospital stays when needed. Only the future will tell
whether the program can be sustained through this entire
support network. Those who already implanted it can be
largely responsible for showing its importance and contribut-
ing to developing clinical procedures and public policies.

Suggestions for future research

To perform a systematic review on the impact of chemothera-
pies in reducing alloimmunization in platelet-transfused
patients. To investigate platelet allocation for transfusions on
reducing alloimmunization in thrombocytopenic patients,
based on the different collection bags and special procedures
performed. To analyze immune and non-immune causes of
platelet-refractory patients in the local reality. Adopting
detection techniques of immunological causes that can be
used in the economic context and available human resources
to elaborate a management protocol of platelet refractoriness.
After the protocol for refractory individuals is adopted, verify
the effects of platelet transfusions on survival rates.

Conclusion

This work shows that anti-HLA antibodies contribute to
approximately 175-fold higher chances of triggering immune-
induced platelet refractoriness. Therefore, it is interesting for
hemotherapy services to investigate the existence of individ-
uals with this condition in their local reality and with the
available resources. Furthermore, this study demonstrates
the need to develop public policies for identifying and moni-
toring anti-HLA antibodies in patients and to perform HLA
matching to promote the prevention of sensitization of
patients to platelet transfusions and the development of
platelet refractoriness. Thus, diagnostic techniques may con-
tribute to the excellent quality of transfusion services with
the discovery and subsequent selection of more compatible
platelets.
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