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Abstract
Introduction

Despite the development of modern antibiotic and antifungal therapies, neutropenic infections remain life-
threatening. Granulocyte transfusion (GTX) is a less frequently used treatment modality in patients with
refractory neutropenic infections. The role of donor GTX remains controversial, partly because of the lack of
proper clinical trials. This study aimed to contribute to the literature by evaluating the efficacy and side
effects of granulocyte transfusions in our center.

Methods

Eight febrile neutropenic patients with confirmed infections received granulocyte transfusions from ABO-
compatible related and unrelated donors. Donors received filgrastim and dexamethasone stimulation, and
granulocyte suspensions were irradiated and administered within six hours. Monitoring, antibiotic therapy,
and granulocyte colony-stimulating factor (G-CSF) support were maintained.

Results

Our study observed a 28-day survival rate of 25%, which was lower than that reported in previous literature.
The median number of transfusions was 3, with an average eight-day duration post-infection diagnosis, and
no side effects were observed.

Conclusion

While some patients benefited from GTX, overall survival rates remained modest, indicating the need for
further research. Prospective, well-powered randomized controlled trials are essential to address patient
selection, dosing, and duration to determine the clinical utility of GTX. This study underscores the
complexity of GTX in real-world clinical practice and provides insight into the ongoing debate regarding its
efficacy in treating severe neutropenic infections.
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Introduction

Granulocytes are versatile cells that contribute to both innate and adaptive immunity, playing a crucial role
in host defense against pathogens [1]. Neutropenia is a condition characterized by a low level of neutrophils.
Studies conducted many years ago [2] have demonstrated the relationship between the number of circulating
neutrophils and infections. Granulocyte transfusion (GTX) has been administered to patients with
granulocytopenia and antibiotic-resistant infections, with varying outcomes depending on factors such as
the extent and duration of bone marrow insufficiency, type and grade of infection, age, platelet deficiency,
and liver and renal insufficiency [3]. Although GTX remains a treatment modality for refractory neutropenic
infections, its efficacy remains unclear [4]. Patient selection, adequate dosing, and endpoint evaluation are
significant challenges in this treatment approach [5]. In general, indications for GTX can be divided into (i)
generally accepted indications that include documented severe bacterial infection unresponsive to 24-48
hours of appropriate antibiotic therapy in a patient with severe neutropenia and neutrophil dysfunction,
and (ii) less clear indications that include documented severe fungal infection unresponsive to appropriate
antifungal therapy in a patient with severe neutropenia [6]. In this article, we report a retrospective analysis
of GTX practice in our institution for treating febrile neutropenic patients.

Materials And Methods

Study design, patient selection, and donor eligibility

We conducted a retrospective review of the data of eight patients who underwent granulocyte transfusions
between 2018 and 2020, along with their respective donors. Patients who (i) were over 18 years of age, (ii)
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had febrile neutropenia independent of underlying disease, and (iii) received granulocyte infusions between
2018 and 2020 were included in the study. In our center, the procedure for granulocyte collection was
standardized according to data in the literature [7]. Eligible donors, comprising both ABO-compatible
volunteer-related and unrelated individuals, were stimulated with subcutaneous filgrastim (0.5 mcg/kg) and
oral dexamethasone (8 mg).

Granulocyte collection and processing

Granulocyte suspensions were collected through a continuous flow centrifugation method using the
TerumaBCT Optia device. These suspensions were irradiated with 25 Gy of cesium at the 12-hour mark.

Infusion procedure

Neutropenia was classified by the absolute neutrophil count, with mild defined as 1.0-1.5 x 109/L, moderate

as 0.5-0.9 x 10%/L, and severe as less than 0.5 x 10%/L [8]. Granulocyte suspensions were administered within
six hours to febrile neutropenic patients with confirmed infections. As a premedication regimen,
diphenhydramine and acetaminophen were administered 30 minutes before the infusion.

Monitoring and follow-up

After the infusion, leukocyte and neutrophil counts were monitored at the 12-hour mark, and daily
granulocyte infusions were maintained as long as donors were available. All patients continued to receive
appropriate antibiotic and antifungal therapies, coupled with granulocyte colony-stimulating factor (G-CSF)
support. A minimum interval of four hours was observed between the granulocyte infusion and
amphotericin B treatment, and treatment ceased when infections were under control, neutrophil counts
exceeded 1000/mm3, or in the unfortunate event of patient loss.

Statistical analysis

Due to the low number of patients, statistical analysis was not conducted. The purpose of this study is to
share the results of granulocyte transfusions at our center.

Results
Patient characteristics

Eight patients were included in the study, with a median age of 56.6 years (range: 22-78). Among them, five
were female, and three were male. The diagnoses included acute myeloid leukemia (AML) in four patients
(50%), acute lymphoblastic leukemia (ALL) in two patients (25%), haploidentical transplantation in one
patient (12.5%), and recurrent gastric cancer in one patient (12.5%).

Granulocyte transfusion details

The median number of granulocyte transfusions administered per patient was 3 (range: 1-6). Three patients
received a granulocyte transfusion once, two patients received it six times, two patients received it three
times, and one patient received it four times. The mean granulocyte transfusion volume was 2.72 x 1010 cells

(range: 1.71-4.46 x 1019). Granulocyte transfusions were administered within an average of eight days
(range: 3-18). Table I presents patient information and treatment details.
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. Age ) ) Treatment History of stem cell Day of Number of Product (1010
Patient Diagnosis ) ) . ) . )
(years) regimen transplantation administration  administrations cells)
1 74 AML Azacitidine No 8 1 2.23
2 22 B-ALL Hyper-CVAD No 16 3 3.38
3 66 B-ALL R-CODOX-M No 5 6 211
Azacitidine,
4 78 AML No 7 6 224
venetoclax
Idarubicin,
5 22 AML ) No 4 1 4.46
cytarabine
Idarubicin,
6 58 AML ] No 3 4 3.29
cytarabine
Recurrent gastric  Irinotecan,
7 67 No 3 3 2.35

cancer Capecitabine

Haploidentical
8 65 scT Flu/Bu/ATG Yes 18 1 1.71

TABLE 1: Patient information and treatment details.

Hyper-CVAD regimen: cyclophosphamide, vincristine sulfate, doxorubicin hydrochloride (Adriamycin), methotrexate, cytarabine, and dexamethasone; R-
CODOX-M regimen: rituximab, cyclophosphamide, vincristine, doxorubicin, and methotrexate; FIu/BU/ATG regimen: fludarabine, busulfan, and anti-
thymocyte globulin.

Infection details and clinical outcomes

Three patients (37.5%) had pneumonia, three patients (37.5%) had Gram-negative sepsis, one patient
(12.5%) had an invasive fungal infection, and one patient (12.5%) had a catheter-related infection. Broad-
spectrum antibiotics such as meropenem and amikacin were commonly used to treat bacterial infections,
while antifungal agents such as amphotericin B were employed to manage fungal infections. The choice of
antimicrobial therapy was guided by the underlying infection source and the patient's clinical status. No side
effects were observed, and the 28-day survival rate was 25%. Infection details and clinical outcomes are
summarized in Table 2.
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Source of

Patient )
infection

1 Pneumonia

2 Invasive fungal
infection

3 Catheter
infection

4 Pneumonia

q Gram-negative
sepsis

6 Gram-negative
sepsis

= Gram-negative
sepsis

8 Pneumonia

Presence of Intensive care Ventilator . ) Antifungal 28-day
) o Antibiotic regimen ) )
sepsis monitoring support regimen survival
Meropenem, Teicoplanin, Amphotericin
Yes Yes Yes . o Dead
Levofloxacin, and Amikacin B
Meropenem, Teicoplanin, and Amphotericin
Yes Yes No o Dead
Amikacin B
Meropenem, Amikacin, and Amphotericin
Yes Yes No . . Dead
Teicoplanin B
Meropenem, Teicoplanin, Amphotericin
Yes Yes Yes . Dead
Gentamicin, and TMP-SMX B
Meropenem, Amikacin, and Amphotericin i
Yes No No . . Alive
Teicoplanin B
Meropenem, Amikacin, and Amphotericin
Yes Yes No . . Dead
Teicoplanin B
Piperacillin/tazobactam and Amphotericin i
Yes Yes No . i Alive
Ciprofloxacin B
) ) Amphotericin
Yes Yes Yes Meropenem and Teicoplanin B Dead

TABLE 2: Infection details and clinical outcomes.

Discussion

In this study, we investigated the effect of granulocyte transfusion on infection control in different patient
groups with severe febrile neutropenia. There were no specific side effects, and the 28-day survival rate was
25%.

Before the 1990s, the results of case series and controlled trials of GTX in adult patients spanned from
evident to modest or absent benefits, causing a decrease in the popularity of GTX [9-21]. While some early
studies have shown efficacy [9,11,13], others were all negative, with high success rates in the control groups
[15,21,22].

The prevailing theory points to the inadequate dosage of granulocytes as the root cause of the
ineffectiveness. After the approval of G-CSF by the FDA in 1991, higher yields of granulocytes were achieved,
leading to renewed interest in GTX [7]. The addition of dexamethasone to G-CSF further increased the yield
[23]. Since then, many centers have used a combination of G-CSF and dexamethasone; however, this
approach is not universal [24].

In the post-G-CSF era, many studies have tried to answer the question of whether the use of GTX is clinically
beneficial. The mixed results of recent studies on the survival advantages of GTX once again failed to
confirm or disprove the benefits of GTX. While patients in some studies experienced clear clinical benefits
when compared to historical controls [25], situations with no notable variance in mortality rates [26] and
even cases where patients with fungal infections who underwent GTX had a heightened risk of mortality
compared to those who did not have been reported [27].

Recent studies have suggested that the efficacy of granulocyte transfusions in neutropenic patients is

proportional to the dose of transfused granulocytes. Doses of at least 1 x 1010 granulocytes per transfusion
appear to be required to treat or prevent infections [28,29], and if there is a benefit from giving granulocytes,

it is likely derived from higher doses, for example, above 0.6 x 109/kg per dose [30,31].

In a phase III randomized control trial by Seidel et al. [32], they included 74 patients with hematological
malignancies who subsequently underwent GTX and found that the probability of 28-day survival after
randomization was >80% in both groups, and no effect of GTX on survival until day 100 could be detected in
patients with fungal, bacterial, or unknown infection and various levels of neutropenia. Furthermore, the
study conducted by Price et al. [31] is the largest randomized controlled trial of GTX in 114 patients. They
investigated the efficacy of transfusion with granulocytes from G-CSF/dexamethasone-treated donors in

neutropenic patients with a neutrophil count <0.5 x 10%Land a proven or probable bacterial or fungal
infection. The principal outcome measure was a composite of survival and microbial responses evaluated 42
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days after randomization. With 56 subjects in the granulocyte arm and 58 in the control arm, individuals in

the granulocyte group received a median of five transfusions with a mean dose of 54.9 x 10° granulocytes.
The overall success rate was 42% for the granulocyte group and 43% for the control group, with no
significant difference between the two groups. Interestingly, the success rates did not differ between the
granulocyte and control arms across different types of infections. A post-hoc analysis suggested that

individuals who received an average dose of at least 0.63 x 10° granulocytes per kilogram tended to have
better outcomes. Overall, these studies found no effect of granulocyte transfusion on the primary outcome,
likely due to their lower enrollment than planned and being underpowered, which limits their ability to
detect a potentially beneficial effect.

In contrast to these findings, GTX efficacy has been demonstrated in single-center studies with a limited
number of patients. In a study by Al-Tanbal et al., it was shown that GTX has a beneficial effect when
administered to febrile neutropenic patients with hematological disorders during various phases of
treatment, including chemotherapy and bone marrow transplantation [33]. They found a response rate of
approximately 60%, similar to that reported in other studies [6,34,35]. For example, Ofran et al. showed a
clinical efficacy of 64.3% in a cohort of 47 patients with hematological disorders who had severe
neutropenia with documented infection and a mortality rate of 38% [35].

In our study, the mortality rate was 75%, which was quite high. This result may be related to the
heterogeneous group of patients and the lack of standardization of the day of neutropenia on which GTX
transfusion was administered.

This study has some limitations, including the small sample size of eight patients, the retrospective design,
and the absence of a control group for outcome comparisons. Uncontrolled factors, such as variations in
bone marrow insufficiency, infection specifics, age, platelet deficiency, and organ insufficiency, may have

influenced the results. In addition, the amount of granulocytes applied is not above 0.63 x 10° per kilogram
of patient per administration.

Conclusions

In conclusion, this study provides some evidence to support the lack of beneficial effects of GTX in the
treatment of neutropenic patients with severe infections. Well-controlled prospective studies of GTX
efficacy and inefficacy are needed to clarify transfusion timing, dose, therapeutic indications, and the
maximum duration of treatment.
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