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The platelet human leucocyte antigen (HLA) gene bank contains the genetic information of HLA loci in a large number of blood donors. Currently, the most effective treatment for platelet transfusion refractoriness (PTR) is to evaluate the probability of antigenic mismatch by HLA genotyping of patients and to select HLA-matched donors in the gene bank through an information system. This case report describes the treatment of PTR in patients with malignant tumors using the platelet HLA gene bank digital matching technique. The analysis of individual cases will help guide transfusion strategies for such patients.
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Introduction

Platelet transfusion refractoriness (PTR) refers to the absence of a significant increase in platelet (PLT) count and improvement in clinical bleeding symptoms after two or more consecutive transfusions of sufficient doses of platelets (1, 2). Platelet transfusion efficacy is usually assessed using the platelet corrected count increment (CCI) (3, 4). CCI was calculated using the following formula: PLT gain after infusion (×109) × body surface area (m2)/PLT infused (1011), body surface area = 0.0061 × height (cm) + 0.0128 × weight (kg) − 0.01529.

The effective reference values for infusion were 1-h CCI ≥ 7.5 or 24-h CCI ≥ 4.5. The causes of PTR usually include non-immune and immune factors, which can be caused by one factor alone or a mixture of the two factors (1, 5, 6). Non-immune factors include infection, fever, persistent bleeding, splenomegaly or hypersplenism, disseminated intravascular coagulation, drug use, microthrombus, and platelet quality problems. Non-immune factors are present in 80%–90% of PTR patients. Immune factors include the presence of human leucocyte antigen (HLA) antibodies, human platelet antigen (HPA) antibodies, CD36 antibodies, ABO antibodies, autoantibodies, immune complexes, and drug antibodies. Studies have shown that approximately 70%–85% of immune PTR cases are caused by HLA class I antibodies and that approximately 15%–30% of cases are caused by HPA or CD36 antibodies (1, 6–8). HLA class I antigens can be expressed on the surface of platelets and a tissue antigen closely related to human immunity. These HLA class I antibody-mediated immune responses affect the effectiveness of platelet transfusion by triggering platelet destruction (7, 9, 10). It has been reported that 30% to 70% of patients with immune thrombocytopenia who experience multiple transfusions may develop PTR while receiving platelets from randomized donors (11, 12). The conventional treatment of immune PTR includes platelet transfusion and the use of recombinant human thrombopoietin, but their therapeutic effect is not always effective (13).

In recent years, with the continuous development of HLA genotyping technology, it has become possible to use “allele match” to replace “antigen match”. Due to the polymorphism of the HLA antigen system on individual platelets, in order to find donors based on gene digital matching, it is necessary to establish a gene database containing a sufficient number of platelet donors so that most patients can find suitable donors from a wide antigen group. The patients’ HLA-I antibodies and HLA class I genotyping were detected. According to the principle of donor-specific antibody avoidance and donor-recipient cross-reactive group (CREG) matching grade, the matched donors were searched digitally in the platelet gene database through the information system. To achieve rapid and accurate matching of suitable platelet donors, this strategy provides an effective solution to the problem of immune PTR. Zhejiang Provincial Blood Center has established a platelet HLA gene bank information system covering the whole province, including clinical application, laboratory testing, blood donation service, blood distribution, and other modules. As of the end of 2023, more than 17,000 voluntary donors with known HLA typing have been registered. The average time from applying for blood transfusion to obtaining platelets available for transfusion is 3 days. In case of emergency, the task can be distributed to the nearest sub-center to shorten the matching time.





Case report

A 53-year-old female patient was diagnosed with acute myeloid leukemia (M4) by bone marrow biopsy in September 2021. Bone marrow flow cytometry showed that blasts accounted for 36.8% and immature monocytes accounted for 9.6%. Leukemia fusion genes MLL-(AF6, ELL, ENL) were positive, and the rest of the genes were negative. Bone marrow staining showed a karyotype of 46, XX, t (6:11) (q27: q23) (15)/46, XX (5). Blood routine showed a white blood cell count of 5.4 × 109/L, a hemoglobin concentration of 63 g/L, and a platelet count of 371 × 109/L. The IA regimen was implemented in October 2021, which consisted of Zavedos 10 mg/day for three consecutive days followed by 2 days off and Cytosar 70 mg/day for one to seven consecutive days. The results of bone marrow reexamination after treatment showed that the proportion of blasts was 65%, the proportion of naive monocytes was 8.5%, and there was no sign of remission. Azacitidine combined with Venclexta has been used since December 8, 2021. During the third cycle of chemotherapy, the patient developed myelosuppression, manifested as fever and gastrointestinal bleeding. A blood routine examination showed a white blood cell count of 0.4 × 109/L, a hemoglobin concentration of 81 g/L, and a platelet count of 48 × 109/L. There was no response to recombinant human thrombopoietin. The platelet count did not increase after three consecutive infusions of 35 units of apheresis platelets from random donors (Figure 1). Forty-seven HLA-I class antibodies with mean fluorescence intensity (MFI) > 500 were detected by HLA antibody-specific test in the patient’s blood samples. The detection method was the panel reactive antibodies (PRA) magnetic bead method. MFI value classification was strongly positive, 14 kinds; positive, 7 kinds; weakly positive, 26 kinds (Table 1), which was consistent with HLA antibody-mediated immune PTR. HLA typing results were HLA-A*11:01:11:01; HLA-B*15:02:46:01. In the past, random donor platelets were selected and cross-matched with patient sera using serological methods such as solid-phase agglutination tests (14, 15). On the one hand, the number of platelets available for selection is limited, and the matching time is long. On the other hand, complex multi-specific and mixed antibodies are developed in many patients due to multiple transfusions, or antibodies against high-frequency antigens (such as HPA-1a, 4a, and CD36) make it difficult to find matched platelets by serological matching strategy. It is therefore rarely available. In this context, the choice of a rapid platelet screening method that can avoid immune rejection becomes critical. After evaluation, we used platelet HLA gene bank digital matching technology to find suitable platelet donors for patients. Based on the platelet gene bank digital matching information system, an automatic search was carried out according to the order of blood type, antigen, antibody avoidance, and CREG matching level. The patient’s entire HLA-1 antibody-positive list was first avoided. Then, based on HLA-I genotyping A and B loci, gene matching and CREG were performed. According to the international HLA matching classification standard, A, BU, and B2U were the best matching types; BX and BUX were the matching types crossed by one antigen, and B2X and BU2X were the matching types crossed by two antigens. Donors with high matching levels should be selected as much as possible. On January 25, 2022, 19 units of HLA gene-matched apheresis platelets were successfully transfused, and the matching grade was BUX. The 24-h CCI of this transfusion was 27.62, showing a significant increase in platelet count. During the whole treatment, the patient received a total of 20 gene-matched platelets, with CREG matching grades of 13 BUX and 7 BX. Among them, the effective infusion was 18 times, the average 24-h CCI value was 17.84, and two BX grade infusions were ineffective (24-h CCI < 4.5) (Figures 2, 3, Table 2). During this time, the patient also received random donor platelets 11 times because the database was not always matched to a suitable donor in a timely way. The results showed that only one infusion achieved an effective effect (24-h CCI = 18.95), and the remaining 10 infusions failed to increase the platelet value or 24-h CCI < 4.5 (Figures 3, 4).




Figure 1 | Effect of randomized donor platelet transfusion therapy when myelosuppression is induced after chemotherapy.




Table 1 | List of positive HLA antibodies in patient blood samples.






Figure 2 | Effect of gene-matched platelet transfusion therapy.






Figure 3 | Comparison of 24-h CCI values between gene-matched platelets and random donor platelets. CCI, corrected count increment.




Table 2 | CREG match grades and 24-h CCI values (platelet count × 109/L).






Figure 4 | Effect of randomized donor platelet transfusion therapy.







Discussion

In recent years, platelet applications based on gene matching have been reported in the literature (16–19). However, due to the limitations of the cost of database construction and the level of information construction, this technology has not yet been applied on a large scale, and its effectiveness has not been fully demonstrated. We believe that this case provides a valuable piece of information, in which we can obtain 20 gene-matched platelets and collect 11 random donor platelets as controls at the same time, which is not available in most reports, and fully demonstrates the effectiveness of gene-matched platelet transfusion. Serological cross-matching platelet transfusion is an effective method for the treatment of immune PTR. However, cross-matched platelets are more costly and require a longer waiting period than random donor platelets. In contrast, the digital platelet matching gene bank is an efficient and accurate blood transfusion system engineering. Through the HLA genotyping and antibody detection of patients, the gene bank search or targeted recruitment of blood donors in the physical blood bank immediately can achieve the precise matching of alleles, antigens, or epitopes so as to greatly shorten the matching time. Especially in this case of a PTR patient with bone marrow suppression caused by maintenance chemotherapy for a malignant tumor, the hematopoietic function of bone marrow was inhibited, and the platelet count decreased rapidly with the risk of bleeding. Therefore, rapid and effective platelet transfusion became an important treatment strategy. Platelet digital matching in the HLA gene bank can ensure that patients can obtain timely and appropriate platelet transfusion when needed, which is impossible to achieve by traditional manual cross-matching.





Conclusion

The analysis of the case will help to enrich the research on platelet transfusion strategy in patients with myelosuppression and PTR and help to demonstrate the effectiveness of gene-matched platelet transfusion.
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