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Introduction
Severe bleeding is an extremely serious complication that can arise in patients with malignant 

hematological diseases, necessitating urgent interventions. However, these patients often experience 
a lack of platelet transfusion efficacy for a variety of factors, and the use of immunoglobulin and 
HLA-matched platelets to manage these patients is often associated with poor efficacy. rFVIIa is a 
coagulation factor that is primarily employed for the treatment of patients with hemophilia, whereas 
there have been few reports focused on its application in patients suffering from Platelet Transfusion 
Refractoriness (PTR).

Here, we describe a case in which rFVIIa was successfully administered as a rescue treatment 
in a case of gestational leukemia. Following chemotherapeutic treatment, this patient experienced 
PTR during the bone marrow suppression phase that was accompanied by severe, life-threatening 
bleeding that failed to respond to multiple rounds of treatment. The patient finally underwent 
treatment with rFVIIa, which successfully stopped the bleeding. This case is presented along with 
an overview of the relevant literature pertaining to the hemostatic mechanisms whereby rFVIIa 
functions, thereby offering a reference for future research efforts.

Case Presentation
A 30-year-old female who was 26+1 weeks pregnant presented to the Intensive Care Unit 

(ICU) of our hospital due to fatigue and thrombocytopenia. She had undergone routine prenatal 
examinations during pregnancy, and was normal. Examination on admission revealed clear 
consciousness, a weak mental state, an anemic appearance, and scattered purpura visible in both 
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Abstract
Background: Severe bleeding is a leading cause of death among acute leukemia patients. For 
those patients with non-acute promyelocytic leukemia, Platelet Transfusion Refractoriness 
(PTR) often coincides with thrombocytopenia during the bone marrow suppression phase after 
chemotherapy, as this period is characterized by a high risk of bleeding in patients. Recombinant 
activated Factor VII (rFVIIa) has shown good therapeutic efficacy in diseases including hemophilia 
and thrombocytopenia, but it has not been widely used in patients with malignant hematological 
diseases.

Methods: Here, we describe the case of a patient with gestational leukemia who developed PTR, 
but whose bleeding systems failed to improve after multiple treatments. This patient subsequently 
underwent treatment with rFVIIa.

Results: Following the administration of rFVIIa, the patient’s bleeding stopped and they did not 
experience any adverse events.

Conclusion: This case demonstrates that rFVIIa holds promise as a potential rescue treatment for 
use in patients with malignant hematological diseases experiencing severe bleeding accompanied 
by PTR.
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lower limbs. Bone marrow puncture, genetic, and chromosomal 
analyses confirmed a diagnosis of Acute Myeloid Leukemia (AML1/
ETO positive, low-risk). Routine blood counts on admission revealed 
a WBC count of 25 × 109/L, hemoglobin levels of 56 g/L, and a platelet 
count of 4 × 109/L. She was administered an infusion of RBCs, which 
led to some apparent improvement in her symptoms of anemia. 
The patient's platelet HLA antibody results were ++++, and she was 
administered a platelet transfusion and human immunoglobulin. 
However, re-examination did not reveal any increase in platelet count. 
The fetal condition remained stable. Owing to the patient’s extremely 
low platelet count and lack of obstetric indications, induced abortion 
surgery was not an option. The patient was therefore transferred to 
the hematology department for standard (Daunorubicin and Ara-C 
[DA]) induction chemotherapy.

On day two after chemotherapy during the bone marrow 
suppression phase, the patient’s platelet count was 2 × 109/L, and she 
exhibited significant increases in systemic purpura, gingival bleeding, 
and hematuria, with a urine red blood cell count of 25,684 red blood 
cells per uL. Her bleeding symptoms failed to improve following 
platelet transfusion. The patient did not exhibit DIC, and she had a 
bleeding score of 3 points [1]. As platelet transfusion was ineffective, 
the patient was administered intravenous immunoglobulin and 
HLA-matched platelets. However, her bleeding symptoms continued 
to worsen and her hemoglobin levels declined to 58 g/L. On day 5 
after chemotherapy, 1.2 mg of rFVIIa was urgently administered, 
collecting platelets before use. At 3 h after treatment, her gum 
bleeding stopped and the color of her blood and urine became 
noticeably lighter. rFVIIa was again administered after 24 h, and 
her urine color returned to normal with no evidence of microscopic 
hematuria, no new bleeding on the skin, and stable hemoglobin 
levels such that bleeding was found to have stopped, consistent with 
pronounced therapeutic efficacy. After chemotherapy treatment 
for 13 days, her bone marrow had recovered and passed the critical 
period, and the pregnancy was terminated in obstetrics. The patient 
did not experience any thrombotic events during this period.

Discussion
The hemostatic mechanisms of FVIIa

FVIIa is a 406 amino acid glycoprotein, and it is a coagulation 
factor that is dependent on vitamin K for its activity. While it has 
been used in clinical settings for more than three decades, the 
hemostatic mechanisms through which FVIIa functions remain 
incompletely understood. The traditional mechanism of action is one 
in which FVII combined with Tissue Factor (TF) to form a complex 
that subsequently activates FIX and FX, triggering the conversion of 
prothrombin into thrombin and thereby activating platelets in the 
damaged region such that they bind to FVIIIa and FV, converting 
fibrinogen into fibrin and thereby forming a thrombus to achieve 
hemostasis.

Despite this well-documented evidence, there is also evidence from 
clinical practice that rFVIIa can function through TF-independent 
mechanisms. For example, a study published in 1990 demonstrated 
the ability of purified FVIIa to activate FX even when tissue factors 
including phospholipids, apolipoprotein, and Ca2+ were absent 
[2]. In another study, rFVIIa was found to be capable of binding 
the surfaces of activated platelets and promoting the production of 
thrombin in the absence of TF [3]. This TF-independent mode of 
action is dependent on a coagulant and a Phosphatidylserine (PS)-
containing cell membrane. In a separate mouse model study, a mouse 

model was established wherein FVIIa was found to directly induce 
the release of extracellular vesicles containing PS from endothelial 
cells, thereby producing the necessary surface for this activity 
[4]. These authors further determined that rFVIIa was capable of 
mediating the formation of a procoagulant surface in endothelial cells 
and promoting FXa and thrombin activation, thus confirming that it 
functions as more than merely a FXa agonist.

In 2007, Ghosh et al. [5] confirmed the ability of Endothelial 
Cell Protein C Receptor (EPCR) to serve as a site for FVIIa binding 
on cells, and several studies utilizing mouse models of hemophilia 
confirmed the ability of rFVIIa to bind to EPCR [6-9]. Through the 
downregulation of the protein C anticoagulant pathway, this factor 
is capable of inducting anti-inflammatory signaling activity and 
promoting vascular barrier integrity. Fager et al. [10] additionally 
found that EPCR is expressed by human platelets and that the 
hemostatic effects of FVIIa can be enhanced through the regulation 
of EPCR binding. In vitro analyses conducted by Kjalke et al. further 
revealed that in patients with a reduced platelet count, high-dose 
rFVIIa administration has the potential to accelerate the activation of 
these platelets and to achieve hemostatic efficacy through increases in 
initial thrombin production [11].

Analysis of the causes of PTR
The incidence of PTR among patients with hematological 

diseases has been reported to be as high as 43% [12], and this 
condition is often associated with immunological factors including 
antiplatelet antibodies. As the treatment of these patients’ advances 
and the number of platelet transfusions rises, this can easily result in 
isoimmune reactions. Accordingly, as antiplatelet antibody positivity 
rates rise, so too does the incidence of PTR.

Allogeneic hematopoietic stem cell transplantation is an 
effective approach to treating malignant hematological diseases. In 
addition to needing multiple platelet transfusions in the context of 
transplantation, resulting in higher rates of antibody production that 
can result in PTR, patients suffering from post-transplantation graft-
versus-host disease face a greater risk of dysregulated self- and non-self 
immune responses, further contributing the antiplatelet autoantibody 
production. These antibodies can also impact hematopoietic cell 
implantation, increasing the odds of early implantation failure and 
leading to a poor prognosis [13].

Pregnancy is closely associated with the maternal generation 
of antiplatelet antibodies, with some studies having reported 
significantly higher anti-HLA antibody positivity rates among 
pregnant women as compared to non-pregnant women, with these 
rates increasing with the number of pregnancies. From weeks 16 to 
28 of pregnancy, platelet antibody positivity rates gradually rise. The 
patient in the present case was in the middle stages of pregnancy and 
tested strongly positive for platelet antibodies, potentially accounting 
for the incidence of PTR.

Clinical applications of rFVIIa in non-hemophilic patients 
with bleeding

In 1988, Hedner [14] was the first to deploy rFVIIa as a successful 
approach to treating two patients with severe type A hemophilia 
exhibiting with high valent inhibitors, prompting further clinical 
evaluation of the utility of rFVIIa in the clinic. Currently, rFVIIa has 
received approval for the treatment of congenital hemophilia, acquired 
hemophilia, congenital FVII deficiency, and thrombocytopenia with 
positive coagulation Factor VIII (FVIII) or FIX inhibitor. The positive 
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effects of rFVIIa in patients with inhibitor-positive hemophilia have 
prompted clinicians to explore its off-label use for other severe 
bleeding events. Among patients who do not have hemophilia, rFVIIa 
has been explored for its ability to control major post-traumatic 
bleeding and for use in contexts such as liver transplantation, cardiac 
surgery, and intracranial hemorrhage [15-18].

Hematological malignancies are often characterized by 
coagulatory dysfunction and thrombocytopenia, with patients often 
experiencing ineffective platelet transfusion such that bleeding 
can be difficult to control. Hoffman [19] described a patient with 
relapsed AML following autologous transplantation who underwent 
anti-CD33 treatment and experienced thrombocytopenia resulting 
in gastric bleeding. Following treatment with proton pump 
inhibitors, the patient experienced uncontrollable bleeding and was 
administered FVII (90 µg/kg). After 20 min, follow-up gastroscopy 
revealed significantly reduced gastric bleeding and blood clotting. 
Abdulkareem [20] was able to successfully treat a case of recurrent ALL 
complicated by pulmonary hemorrhage through the administration 
of nebulized rFVIIa. Amir [21] reported the case of a patient with 
multiple extramedullary plasma cell tumors complicated with 
intracranial hemorrhage that was treated with a 90 µg/kg q2h dosage 
of rFVIIa three total times, followed by q4h five total times. While 
post-infusion platelet counts in this patient remained extremely low, 
their intracranial hemorrhaging stabilized.

In patients with malignant tumors experiencing bleeding events, 
no optimal rFVIIa dose has been established, and the frequency of 
dosing remains similarly uncertain. Some reports have suggested 
that, for cancer patients experiencing life-threatening bleeding, 
the respective frequencies and dosages for treatment range from 1 
to 17 times and 40 µg/kg to 120 µg/kg [22]. In clinical practice, the 
utilization of rFVIIa should be based on the specific bleeding situation 
of a given patient, with the supplemental administration of platelets 
and the correction of any underlying coagulation abnormalities 
prior to treatment. When a single dose is ineffective or partially 
effective, continued re-administration is indicated. The patient in 
the present case experienced severe urinary tract and skin mucosal 
bleeding during the post-chemotherapy bone marrow suppression 
period. Such circumstances pose a major risk to the lives of both 
pregnant women and fetuses. Owing to economic considerations for 
this patient, the frequency and dosages of rFVIIa used were lower 
than those in other reports. Platelets were transfused before both 
applications of rFVIIa, and following the cessation of bleeding the 
patient successfully emerged from the bone marrow suppression 
period.

The safety of rFVIIa treatment
The use of rFVIIa can result in the activation of systemic coagulatory 

activity, such that the potential for drug-related thromboembolic 
events is a potential complication of concern [23-25]. In one recent 
report, FVIIa increased the incidence of arterial thromboembolism 
when used to prevent or treat bleeding in non-hemophilic patients. 
A large comprehensive cohort study focused on rFVIIa revealed an 
association between the risk of arterial thrombosis and high-dose 
rFVIIa (≥ 80 ug/kg) treatment, particularly among elderly patients 
[26]. The reduction of the risk of allogeneic transfusion and related 
transfusion and bleeding events may, however, be conducive to 
more rapid improvements in clinical symptoms of bleeding, thereby 
having life-saving benefits [27]. One single-center retrospective 
analysis of 21 heart transplant recipients who received rFVIIa did not 

observe any differences in overall thromboembolic event incidence 
or the incidence of any other negative outcomes [28]. Similarly, no 
thromboembolic events were reported in a study in which 12 surgical 
patients were treated with rFVIIa [29]. Thrombotic events associated 
with rFVIIa administration are thus more likely to arise in patients 
with underlying risk factors, occurring so in a dose-dependent fashion 
[30,31]. The patient in the present case was a pregnant individual 
with a hematological malignancy in a hypercoagulable state, but she 
did not experience any thrombotic events, potentially owing to the 
low dose of rFVIIa that was administered. Even so, these concerns 
underscore the need to carefully monitor the coagulation status of 
patients and to be aware of the family history of thrombosis for all 
patients so that the risks of bleeding and thrombosis can be carefully 
weighed to guide therapeutic decision-making.

Conclusion
While current clinical guidelines do not recommend that 

rFVIIa be routinely used to treat bleeding events in patients with 
hematological disorders for whom platelet transfusion I ineffective, 
the present case highlights the safety and feasibility of low-dose 
rFVIIa treatment in patients with AML experiencing life-threatening 
bleeding for whom platelet transfusion is ineffective. At present, the 
optimal dosages and dosing regimens for rFVIIa remain unclear such 
that further research focused on this treatment approach is necessary.

Acknowledgment
The authors are grateful to all physicians and staff at the 

Hematology Department.

References
1.	 Fogarty PF, Tarantino MD, Brainsky A, Signorovitch J, Grotzinger KM. 

Selective validation of the WHO bleeding scale in patients with chronic 
immune thrombocytopenia. Curr Med Res Opin. 2012;28(1):79-87.

2.	 Bom VJ, Bertina RM. The contributions of Ca2+, phospholipids and 
tissue-factor apoprotein to the activation of human blood-coagulation 
factor X by activated factor VII. Biochem J. 1990;265(2):327-36.

3.	 Monroe DM, Hoffman M, Oliver JA, Roberts HR. A possible mechanism 
of action of activated factor VII independent of tissue factor. Blood Coagul 
Fibrinolysis. 1998;9 Suppl 1:S15-20.

4.	 Das K, Keshava S, Ansari SA, Kondreddy V, Esmon CT, Griffin JH, et 
al. Factor VIIa induces extracellular vesicles from the endothelium: A 
potential mechanism for its hemostatic effect. Blood. 2021;137(24):3428-
42.

5.	 Ghosh S, Pendurthi UR, Steinoe A, Esmon CT, Rao LV. Endothelial 
cell protein C receptor acts as a cellular receptor for factor VIIa on 
endothelium. J Biol Chem. 2007;282(16):11849-57.

6.	 Magisetty J, Pendurthi UR, Esmon CT, Rao LVM. EPCR deficiency or 
function-blocking antibody protects against joint bleeding-induced 
pathology in hemophilia mice. Blood. 2020;135(25):2211-23.

7.	 Pavani G, Zintner SM, Ivanciu L, Small JC, Stafford KA, Szeto JH, et al. 
One amino acid in mouse activated factor VII defines its Endothelial 
Protein C Receptor (EPCR) binding and modulates its EPCR-dependent 
hemostatic activity in vivo. J Thromb Haemost. 2017;15(3):507-12.

8.	 Pavani G, Ivanciu L, Faella A, Marcos-Contreras OA, Margaritis P. 
The endothelial protein C receptor enhances hemostasis of FVIIa 
administration in hemophilic mice in vivo. Blood. 2014;124(7):1157-65.

9.	 Keshava S, Sundaram J, Rajulapati A, Esmon C, Pendurthi U, Rao 
LVM. Factor VIIa interaction with EPCR modulates the hemostatic 
effect of rFVIIa in hemophilia therapy: Mode of its action. Blood Adv. 
2017;1(15):1206-14.



4

Wenyi G, et al., Annals of Clinical Case Reports - Medicine

Remedy Publications LLC., | http://anncaserep.com/ 2024 | Volume 9 | Article 2585

10.	Fager AM, Machlus KR, Ezban M, Hoffman M. Human platelets 
express endothelial protein C receptor, which can be utilized to enhance 
localization of factor VIIa activity. J Thromb Haemost. 2018;16(9):1817-
29.

11.	Kjalke M, Ezban M, Monroe DM, Hoffman M, Roberts HR, Hedner U. 
High-dose factor VIIa increases initial thrombin generation and mediates 
faster platelet activation in thrombocytopenia-like conditions in a cell-
based model system. Br J Haematol. 2001;114(1):114-20.

12.	Gao Xiaojun WX, Lidong K, Hua T, Junhui J, Yu B. Ineffective analysis and 
management strategy of platelet transfusion in patients with hematological 
diseases. Beijing Med Sci. 2021;43(08):804-7.

13.	Yuanling ZJ, Yong LI, Min J, Qingya C, Xiaowen T. Effect of ineffective 
immune platelet transfusion on patients with allogeneic hematopoietic 
stem cell transplantation in malignant hematologic diseases. Chinese J 
Exper Hematol. 2021;29(06):1923-8.

14.	Hedner U, Glazer S, Pingel K, Alberts KA, Blomback M, Schulman S, 
et al. Successful use of recombinant factor VIIa in patient with severe 
haemophilia A during synovectomy. Lancet. 1988;2(8621):1193.

15.	Kenet G, Walden R, Eldad A, Martinowitz U. Treatment of traumatic 
bleeding with recombinant factor VIIa. Lancet. 1999;354(9193):1879.

16.	Naidech AM, Grotta J, Elm J, Janis S, Dowlatshahi D, Toyoda K, et al. 
Recombinant factor VIIa for hemorrhagic stroke treatment at earliest 
possible time (FASTEST): Protocol for a phase III, double-blind, 
randomized, placebo-controlled trial. Int J Stroke. 2022;17(7):806-9.

17.	Morrison S, Lacey C, Attard C, Davies B, Monagle P, Davies P. 
Recombinant factor VIIa in pediatric cardiac surgery. J Cardiothorac Vasc 
Anesth. 2022;36(3):684-9.

18.	Liu Taotao HQ, Zhe F. Study on the efficacy of recombinant activated 
coagulation Factor VII in intractable massive hemorrhage after abdominal 
operation. Sichuan Med Sci. 2018;39(01):68-71.

19.	Hoffman R, Eliakim R, Zuckerman T, Rowe JM, Brenner B. Successful use 
of recombinant activated factor VII in controlling upper gastrointestinal 
bleeding in a patient with relapsed acute myeloid leukemia. J Thromb 
Haemost. 2003;1(3):606-8.

20.	Almomen A, Aleem A, Alshaik M, Hasanato R. Intrapulmonary rFVIIa 
for life threatening pulmonary hemorrhage in a case of relapsing 
acute lymphoblastic leukemia and platelet refractoriness. Platelets. 
2014;25(6):452-4.

21.	Ansari AM, Khorasanchi A, Faghihimehr A, Toor A. Recombinant 
activated factor VII in a patient with intracranial hemorrhage and severe 
thrombocytopenia. Clin Case Rep. 2021;9(10):e04788.

22.	Elinoff JM, Bagci U, Moriyama B, Dreiling JL, Foster B, Gormley NJ, et 
al. Recombinant human factor VIIa for alveolar hemorrhage following 
allogeneic stem cell transplantation. Biol Blood Marrow Transplant. 
2014;20(7):969-78.

23.	Phillips LE, McLintock C, Pollock W, Gatt S, Popham P, Jankelowitz G, et 
al. Recombinant activated factor VII in obstetric hemorrhage: Experiences 
from the Australian and New Zealand Haemostasis Registry. Anesth 
Analg. 2009;109(6):1908-15.

24.	O'Connell KA, Wood JJ, Wise RP, Lozier JN, Braun MM. Thromboembolic 
adverse events after use of recombinant human coagulation factor VIIa. 
JAMA. 2006;295(3):293-8.

25.	Marsh K, Green D, Raco V, Papadopoulos J, Ahuja T. Antithrombotic and 
hemostatic stewardship: evaluation of clinical outcomes and adverse events 
of recombinant factor VIIa (Novoseven®) utilization at a large academic 
medical center. Ther Adv Cardiovasc Dis. 2020;14:1753944720924255.

26.	Levi M, Levy JH, Andersen HF, Truloff D. Safety of recombinant activated 
factor VII in randomized clinical trials. N Engl J Med. 2010;363(19):1791-
800.

27.	Kidd B, Sutherland L, Jabaley CS, Flynn B. Efficacy, safety, and strategies 
for recombinant-activated factor VII in cardiac surgical bleeding: A 
narrative review. J Cardiothorac Vasc Anesth. 2022;36(4):1157-68.

28.	Hollis AL, Lowery AV, Pajoumand M, Pham SM, Slejko JF, Tanaka KA, 
et al. Impact on postoperative bleeding and cost of recombinant activated 
factor VII in patients undergoing heart transplantation. Ann Card 
Anaesth. 2016;19(3):418-24.

29.	Escobar M, Luck J, Averianov Y, Ducore J, Fernandez MFL, Giermasz 
A, et al. PERSEPT 3: A phase 3 clinical trial to evaluate the haemostatic 
efficacy of eptacog beta (recombinant human FVIIa) in perioperative 
care in subjects with hemophilia A or B with inhibitors. Haemophilia. 
2021;27(6):911-20.

30.	Goodnough LT, Levy JH. The judicious use of recombinant factor VIIa. 
Semin Thromb Hemost. 2016;42(2):125-32.

31.	Lei Y, Ziling L. Restructuring activity VII factor rescuing severe obstetric 
hemorrhage clinical report 3 cases. Chinese J Obst Gynecol Clin. 
2011;12(3):2.


	Title
	Abstract
	Introduction
	Case Presentation
	Discussion
	The hemostatic mechanisms of FVIIa
	Analysis of the causes of PTR
	Clinical applications of rFVIIa in non-hemophilic patients with bleeding
	The safety of rFVIIa treatment

	Conclusion
	Acknowledgment
	References

