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Abstract


Acute promyelocytic leukemia (APL) evolved from the most lethal to the most curable subtype of acute leukemia today, owing to targeted therapy with all-trans retinoic acid (ATRA) and arsenic trioxide. Despite cure rates exceeding 90% and the rarity of relapse or refractoriness, early death (ED)—occurring within 30 days of diagnosis—remains unacceptably high, reaching up to 30% in population-based studies. ED is the major barrier to universal cure, with fatal hemorrhage as the predominant cause, followed by infection, differentiation syndrome, and thrombosis. Patients who survive the initial month generally achieve excellent long-term outcomes. This review synthesizes data from clinical trials and large real-world cohorts to provide a comprehensive overview of the incidence, causes, and predictors of ED in APL. Higher white blood cell count and older age emerge as the most consistently validated predictors, followed by increased IRB/BICcreatinine, low albumin, thrombocytopenia, and coagulopathy, although their predictive value is not uniform across studies. Risk scores such as the Sanz classification, the Österroos ED model, and dynamic disseminated intravascular coagulation (DIC) assessments represent practical tools for identifying patients at high risk of ED. Importantly, ED rates remain significantly higher in real-world populations than in clinical trials, highlighting the impact of age and comorbidities, delayed diagnosis, and barriers to immediate ATRA initiation and supportive care. Addressing ED in APL requires intensified early supportive strategies, physician awareness and education, and rapid treatment initiation. Refinement and validation of predictive models may guide tailored interventions and inform strategies to finally overcome this persistent unmet need.
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1. Introduction


Acute promyelocytic leukemia (APL) is a subtype of acute myeloid leukemia (AML) with a unique pathophysiology, targeted treatment, and specific disease-related and therapy-related complications [1]. It is a medical emergency that mandates prompt treatment upon disease suspicion, due to the distinctive ability of its malignant cells to induce disseminated intravascular coagulation (DIC) and hyperfibrinolysis [1].



In recent decades, advancements in PML-RARα-targeted therapies such as all-trans retinoic acid (ATRA) and arsenic trioxide (ATO) have significantly altered the prognosis of APL, transitioning it from a disease with very high early mortality and long-term survival rates of less than 50% to becoming the most curable subtype of adult acute leukemia today [2,3]. However, although long-term survival rates now exceed 90% and APL relapse or refractoriness to treatment are very rare, the early death (ED) rate is still significantly high [4], reaching 30% in some real-world studies [5].



The primary drivers of ED are the inherent thrombohemorrhagic diathesis of APL, which predisposes to both hemorrhagic and thrombotic events, as well as specific treatment-related complications such as differentiation syndrome and infections from neutropenia [6]. APL patients who survive beyond the first month of disease will have an excellent long-term prognosis with current therapies [7].



The major unmet need in APL now is how to best support the patient throughout that critical first month, when timely diagnosis, fast access to ATRA and blood products, quick referral to specialized hospitals, differentiation syndrome prophylaxis and treatment, infection control, and refined supportive and monitoring strategies are key to avoid the imminent death risk that APL poses upon diagnosis [8].



The aim of this review is to provide a comprehensive analysis of the incidence and causes of early death in APL, and to provide a detailed overview of clinical and laboratory predictors reported in the literature. Assessing the current knowledge on ED in APL may pave the way for future studies aimed at refining risk stratification and identifying strategies capable of altering the course of the initial phase of the disease.




2. Initial Treatment of APL


Patients with suspected APL should be hospitalized immediately due to the high risk of imminent death associated with the underlying coagulopathy [1]. Three simultaneous actions should be undertaken in the first hours when APL is suspected:




	(1)

	
Start ATRA therapy immediately, even before genetic confirmation of the diagnosis;




	(2)

	
Administer supportive care with specific blood products;




	(3)

	
Confirm genetic diagnosis of APL [1].









ATRA is the cornerstone of APL therapy. It is a differentiating agent that binds and degrades the pathological PML-RARα fusion transcript caused by the t(15;17) and consequently unblocks terminal differentiation of the atypical promyelocytes [9].



ATRA’s role (and speed of action) in counteracting the coagulopathy and hemorrhage has been studied in depth. APL’s coagulopathy was shown to be reversed within a median of 4 days for ATRA, while for chemotherapy alone, the median was 7 days [10]. There are a myriad of mechanisms through which ATRA acts towards the resolution of the APL coagulopathy, out of the scope of this review [11]. This quick effect led to the still-standing recommendation, since the 1990s, that ATRA should be administered immediately at first suspicion of disease [12]. This is further supported by retrospective data showing that delays in ATRA administration increase the risk of early death due to haemorrhage [12].



Since treatment with ATRA takes some time to counteract the coagulopathy, additional interventions are required while ATRA and ATO or chemotherapy are acting at the subjacent cellular level of APL. Such potentially life-saving interventions include intensive blood product support (platelet transfusions, cryoprecipitate/fibrinogen, and/or fresh frozen plasma) and avoidance of anticoagulants, antifibrinolytics, and invasive procedures [1].



Currently, the treatment protocol of APL differs according to the Sanz classification risk of the disease, which is based on the total white blood cells (WBCs) in the peripheral blood at diagnosis. A different “pair” for ATRA is recommended depending on risk: arsenic trioxide for non-high risk (WBC < 10,000/µL), and chemotherapy for high risk (WBC > 10,000/µL) [1]. An interim analysis of the APOLLO trial showed ATO plus ATRA is non-inferior to chemotherapy plus ATRA in high-risk APL patients and may become the new standard of care also for high-risk APL once final results from the trial are presented [13].



With the excellent long-term prognosis conferred by the shift to ATO-based treatment, refractoriness to treatment, APL relapse, and therapy-related secondary neoplasms are now increasingly rare. Therefore, the remaining obstacle to cure is ED as the major unsolved issue of APL [7].




3. Early Death in APL


ED in APL is usually defined as death from any cause occurring within 30 days of leukemia diagnosis [14], and this is the time point most frequently reported in clinical trials and observational studies [15].



3.1. Evolution of ED Rates over Time


Even though a progressive prolongation in overall survival over the decades has been achieved since ATRA and improved supportive care were implemented, this did not translate into a dramatic reduction in ED rates.



The Swedish APL Patient Registry update published in 2017 shows that, despite increased disease awareness by the Hematology community and adherence to early ATRA treatment, ED rates remain very high [16]. The reported ED rate during the years 1997–2008 was 24%, compared to 26% in 2009–2013. Interpreting these rates according to the Sanz risk, the ED rates decreased in the low and intermediate risk patients (19% to 15%) but dramatically increased from 38% to 50% in high-risk patients. The authors argue that current guidelines are insufficient to tackle the threat of ED, since early ATRA and intensive monitoring and care during the first 30 days of diagnosis were unfortunately not enough to decrease ED over time in Sweden [16].



Likewise, a study on a Canadian APL patient population registry showed no trend towards an improving death rate over the 1993–2007 period [17], nor did an analysis of an American patient registry. This American study shows an increase in long-term overall survival over time, reflecting fewer relapses, but ED rates have not decreased in the same proportion. The ED rate was 22.1% in the 1992–1995 period, 14.7% in 1996–2001, and increased again to 17.5% in 2002–2007 [18].



Finally, a single-institution study from Stanford demonstrated a clear improvement in survival over time, with a 61% decline per decade of the risk of death within 3 years of APL diagnosis. This contrasted with a lack of improvement in 30-day mortality from 1977 to 2007, which was reported to average 20% [19]. These are some of the several published population studies pointing to the inability to effectively decrease ED over the last decades despite all the treatment advances in APL.



In an opposing trend, a registry study from Japan evaluated outcomes from patients diagnosed with APL between 1986 and 2015 and demonstrated an improvement in the ED rate from 31% in the 1986–1995 period to 18.7% in the 2006–2015 period [20]. Despite ATRA being used since the 1990s, a reduction in the early death rate was verified only after 2006.



Regarding more recent years, with the advent of first-line ATO in low-risk APL patients, a study from Shanghai reported a gradual improvement in the ED rate from 20.2% (1990–2002) to 10.1% (2003–2012), and later to 7.0% (2013–2020). However, there was no significant decline in the 7-day death rate (6.1 vs. 5.0 vs. 3.6%, respectively), precisely the period in which hemorrhage dominates [21].



The literature consistently shows that ED rates are not declining enough and are not accompanying the positive trend of longer survival that has been achieved in APL.




3.2. Incidence of ED in APL


ED rates reported in the literature differ according to whether the studied population arises from a clinical trial or a real-world registry. Table 1 and Table 2 summarize reported ED rates and the main cause of ED in selected clinical trials and real-world studies, respectively, including more than 100 patients.



Comparing Table 1 with Table 2, a staggering difference can be detected between the range of ED rates reported in each. Clinical trials report a significantly lower ED rate compared to population studies at 3–15% vs. 3.7–32%, respectively. This can be explained by a selection bias of trials towards healthier subjects, after excluding patients who die of hemorrhage before enrollment, those so severely ill that urgent treatment out of trial is required, or are unable to give informed consent, or those with comorbidities that meet strict exclusion criteria [40]. Patients who are in such a severe clinical state are still included in real-world population studies, and most will receive adapted treatment outside of a clinical trial protocol.



The European HARMONY platform of registered patients with newly-diagnosed APL between 1999 and 2022 also demonstrated a relevant difference between the ED rates of patients treated in clinical trials (2.2%) versus in real-world clinical practice (8.1%), underscoring the impact of treatment context on early outcomes [31]. The ED rate also differed based on first-line treatment: among patients treated with ATRA plus chemotherapy, the ED rate was 5.2%, whereas in patients treated with ATRA plus ATO, the ED rate was 2.5%, probably reflecting a higher proportion of non-high-risk APL [31].



The real-world studies reported in Table 2 demonstrate a variability in ED rates across different populations, diagnosis decades, and treatment strategies. The much higher ED rates may reflect a significantly older population in real-world studies than the patients selected for clinical trials, with more significant comorbidities and worse overall performance status. Some patients may be referred to the APL-specialized center from distant regional centers, which increases the odds of presentation at the tertiary institution with an already life-threatening hemorrhage [39,41].



As for the diagnosis decade, ED rates of <10% were reported more frequently in studies after the year 2000, reflecting some improvement in early mortality over the decades. In ATO-based treatment cohorts, ED seems to be quite inferior to rates reported in chemotherapy-based treatment studies.



Even harder to estimate is the rate of very early deaths occurring in patients with newly diagnosed APL who expire before having the chance to begin treatment. These cases happen probably due to delays in diagnosis or to a disease presentation with catastrophic hemorrhage; they are underreported in the literature and commonly excluded from clinical trials [40].



Very few studies have reported the number of APL patients who died before receiving ATRA. In the Swedish Acute Leukemia Registry study, among the 29% of patients who died within 30 days of APL diagnosis, 35% never received ATRA, yielding a very-early death (VED) rate of approximately 10.5% [14]. In a multicenter population study from the USA, 5 out of 204 patients died before ATRA administration (2.5%) [12]. A single-institution cohort study from Stanford reported a death before ATRA rate of 2.9% [19], while an Italian single-institution study reported 4.8% [42]. A Chinese population registry reported nine patients (8.9%) who died before receiving APL therapy [37]. A more recent Portuguese single-center study with 104 patients showed a VED rate of 4.8% [41]. These significantly high numbers show that death before APL treatment is frequent and probably underestimated. The characteristics of these patients who are clinically unstable at APL suspicion or deteriorate quickly, who expire before receiving treatment, need to be further studied in order to guide strategies to reduce VED in APL.




3.3. Causes of ED in APL


The leading causes of ED in APL are, in the following order, hemorrhage, infection, differentiation syndrome (DS), and thrombosis [6].



The distribution of causes of death follows a temporal pattern: most fatal bleeds occur early in induction treatment (weeks 1 and 2), while ED caused by infection and DS rise in incidence in weeks 3 and 4 [6]. This is because in the first week of APL, the complex coagulopathy is still uncontrolled, giving rise to the clinical manifestations of hemorrhage and/or thrombosis. Infections are more severe during neutropenia aggravated by cytotoxic APL treatment. DS has two peaks of incidence: one in week 1 and the other in week 3 [43].



3.3.1. Hemorrhage


More than two-thirds of patients with APL display hemorrhagic signs and symptoms at disease presentation, related to the hallmark DIC and hyperfibrinolysis state triggered by APL cells [44]. Hemorrhage is the main cause of ED in APL. The most common location of the fatal bleed is intracranial, followed by pulmonary and, very rarely, gastrointestinal or urogenital hemorrhage [6]. Hemorrhage in vital organs in APL patients usually carries a fulminant course, with a study reporting that 69% of patients who died from cerebral or pulmonary hemorrhage expired within 24 h from the onset of the bleed [6].



A median time of 4–7 days from diagnosis to fatal hemorrhage has been reported, but APL-related hemorrhage can still occur until week 4, despite becoming less frequent after week 2 [6,12,14,25].



Blood product transfusions are a cornerstone to prevent and treat hemorrhagic events, with the aim of keeping a platelet count above 30,000–50,000/µL with platelet transfusions, a serum fibrinogen > 100–150 mg/dL with cryoprecipitate or fibrinogen, and an INR < 1.3 with fresh frozen plasma [1].



Antifibrinolytics have been evaluated in clinical trials with the aim of preventing fatal hemorrhage, but trials failed to show benefit, so these drugs are no longer recommended in routine APL care [1].




3.3.2. Infection


Infections are the second most common cause of ED in APL patients, accounting for an estimated 10–28% of EDs [45]. Pneumonia is the most frequent infection in APL patients, followed by septicemia [6]. Pneumonia is also the leading lethal infection [6].



Death due to infection occurs later than hemorrhagic deaths, with a median time of 21 days after APL diagnosis, reflecting the subsequent worsening of APL-related neutropenia due to myelosuppressive cytotoxic treatment [6].



The ATO plus ATRA combination causes significantly less myelosuppression than chemotherapy plus ATRA protocols, and patients treated with this chemotherapy-free combination also have fewer fever episodes and receive fewer days of antimicrobial therapy [3]. As ATO replaced anthracyclines in first-line care of non-high Sanz risk patients, who make up more than half of the APL population, the number of severe infections has very likely strongly decreased.




3.3.3. Differentiation Syndrome


Differentiation syndrome (DS), recognized for the first time in 1992 by Frankel et al. [46], is a unique complication secondary to the differentiating agents ATRA and/or ATO. It is estimated to occur in 2–27% of patients treated with ATRA, and in 7–31% of patients treated with ATO [47].



The etiology of DS is not fully understood. These agents seem to induce a change in the adhesive properties of atypical promyelocytes and to provoke a release of pro-inflammatory cytokines by the differentiating malignant cells [48]. This results in a systemic inflammatory response state together with increased vascular permeability, capillary leak, and endothelial damage, leading to hypotension, tissue hypoperfusion, and ultimately life-threatening multi-organ failure if the DS is left untreated [48].



There are no universally accepted diagnostic criteria for APL DS, which explains the variability in reported incidence rates in the literature. The criteria proposed by the PETHEMA group are dyspnea, unexplained fever, weight gain greater than 5 kg, unexplained hypotension, acute renal failure, a chest radiograph demonstrating pulmonary infiltrates, or evidence of pleural or pericardial effusion. Patients with 4 or more of the following signs and/or symptoms are classified as having severe DS, while 2–3 criteria classify the DS as moderate [49].



There is no evidence derived from clinical trials regarding the treatment of DS. Several retrospective and prospective studies have shown that prompt treatment of DS with steroids dramatically reduced DS-related mortality, which was estimated at 9% in pre-early steroid era studies [48]. Two Spanish clinical trials that incorporated immediate dexamethasone treatment upon DS recognition report very low ED rates due to DS: 1.1% in one trial and 1.4% in the other [6].



Among the most frequent side effects arising from ATRA and/or ATO usage, DS is the most significant. Other complications, such as iatrogenic leukocytosis and hepatic toxicity (ATRA and/or ATO), or pseudotumor cerebri (ATRA-specific), are not major contributors to ED with proper monitoring strategies [50]. QTc prolongation (ATO-specific) could potentially lead to ventricular arrythmias and cardiac arrest, but this risk is mitigated by avoidance of other QT-prolonging agents, regular electrocardiography monitoring, and correction of electrolytes [50].



Regarding DS prophylaxis, the routine prophylactic use of steroids lacks definitive evidence-based support. Different prophylactic steroid drugs and schedules have been used worldwide; while some clinical trials and protocols adopted steroid prophylaxis for all patients [3], others have used prophylaxis only in patients with a WBC count > 5–10 × 109/L at diagnosis [51]. Even though there is no evidence to support the universal use of prophylactic steroids, their use is highly recommended in APL patients with high-risk disease, in those showing a WBC increase after starting ATRA, or with a serum creatinine > 123 mol/L [1,49].



The adoption of standardized diagnostic criteria, prompt dexamethasone treatment, and corticosteroid prophylaxis has all contributed to turning DS into a manageable APL complication, reflected in the currently very low ED rates due to this syndrome [48].




3.3.4. Thrombosis


Thrombosis is a considerably less frequent manifestation of the thrombohemorrhagic diathesis in APL. A cumulative incidence of thrombosis of 8.6% in APL patients was reported [49], and the percentage of EDs due to thrombosis reported in the literature ranges from 4.1 to 9.3% [50].



Arterial thrombosis is more frequent than venous thrombosis during the first 30 days of APL disease [51]. ED from thrombosis is mostly due to arterial cerebral or cardiac ischemic events; ED from pulmonary embolism has also been reported [52].



Thrombosis is not only a consequence of the complex coagulopathy precipitated by the atypical promyelocyte, as described in detail early in this chapter. During treatment, ATRA quickly counteracts the DIC and hyperfibrinolysis of APL, but through its deregulation of procoagulant and fibrinolytic factors, it has been proposed to induce a prothrombotic state [53], which is supported by the fact that more than 60% of thrombotic events reported in the literature occurred during ATRA treatment, although other studies have contradicted this finding [54]. Severe differentiation syndrome [30] and the use of tranexamic acid [55] have also been shown to aggravate the procoagulant state of APL and thus increase thrombosis incidence.



The danger of using anticoagulant, antiaggregant, or fibrinolytic drugs in a patient with thrombosis and overt APL-induced coagulopathy, as well as the heightened risk of hemorrhagic transformation in a patient who develops an acute ischemic stroke, both contribute to the increased risk of mortality of a thrombotic event in a patient with APL [56].



Evidence-based treatment of life-threatening thrombosis occurring in APL patients is lacking in the literature. The current international guidelines on APL management suggest unfractionated heparin (with dose adjustments to platelet number), albeit carefully considering the potential risk of hemorrhagic transformation if the thrombotic event is an acute ischemic stroke [1].






4. Predictors of ED in APL


Table 1 and Table 2 summarize the predictors of ED identified in logistic regression analysis across several studies on large APL cohorts from clinical trials and the real-world setting, respectively.



In the selected clinical trials summarized in Table 1, the most commonly identified predictors of ED were higher WBC count (33.3%), older age (27.8%), increased creatinine (11.1%), low albumin (11.1%), lower platelet count (5.6%), coagulopathy (5.6%), and male gender (5.6%).



As for the large real-world studies summarized in Table 2, the most common predictors of ED were similar to the culprits of ED in the selected clinical trials in Table 1. Again, higher WBC count (28.6%) and older age (23.8%) were the most frequently reported predictors of ED, followed by increased creatinine (9.5%), low albumin (9.5%), lower platelet count (4.8%), coagulopathy (4.8%), male gender (4.8%), and fever (4.8%). In addition, an ECOG performance status above 1 (4.8%) and increased peripheral blasts (4.8%) were also reported as predictors of ED.



4.1. Age


Increasing age has been identified as a significant predictor in many studies, with older patients exhibiting a higher ED rate [52,53].



For instance, a 1438-patient cohort from the European HARMONY platform, which includes both patients treated in clinical trials and in real-world settings, found increasing age as a continuous variable to be independently and significantly associated with ED [31]. Together with elderly age, a high Sanz risk score was also independently associated with ED in this large study [31].



Older age emerges as a predictor of ED both in studies involving only chemotherapy-treated patients [30,54] and in ATO-treated patients [36]. This may reflect an interplay of poorer prognostic factors, including comorbidities, reduced physiological reserve, and potentially adaptations in standard treatment approaches according to age.




4.2. WBC


A higher WBC at diagnosis emerges as a consistent predictive factor of ED across the literature. An elevated WBC count, usually >10,000/µL and indicative of a higher APL tumor burden, has also been associated with increased risk of hemorrhagic events, the leading cause of ED in APL [6,16,42,52,53,55,57,58,59]. This finding aligns with the pathophysiology of APL, where the malignant atypical promyelocytic cells precipitate DIC and uncontrolled hyperfibrinolysis, exacerbating the risk of fatal hemorrhages [60]. The cut-off of >10,000/µL WBC defines high-risk in the Sanz risk classification of APL; while this risk score was designed to identify risk of relapse, in most studies, high-risk APL also associates with ED.



The WBC count at diagnosis may be influenced by the time latency between disease presentation and diagnosis, as well as the APL’s genetic background. Beyond the PML-RARα, APL is characterized by a limited spectrum of recurrent mutations—primarily FLT3, WT1, NRAS, and KRAS—and a near absence of mutations common in other AML subtypes [61]. FLT3 is the most frequently mutated gene, present in 43% of newly diagnosed cases when ITD and point mutations are combined, and is the sole abnormality (besides PML-RARα) in 25% of patients [61]. In 2019, a meta-analysis on the impact of FLT3 mutations in APL outcomes showed that FLT3 mutations (especially ITD) are strongly [61] associated with higher WBC at diagnosis and with an increased risk of induction death (1.5 to 2-fold higher compared with FLT3-wild-type) [62]. A more recent study published in 2021 reported a 90-patient APL cohort treated with ATRA plus ATO, and FLT3-ITD-positive patients had significantly higher WBC counts at diagnosis and were enriched in the Sanz high-risk group [63]. The ED rate findings were consistent with the earlier meta-analysis, with a statistically significant difference in the ED rate between FLT3-ITD+ versus FLT3-ITD wild-type patients (16.7% vs. 1.4%) [63].



However, the research for valid predictors of ED does not identify the same variables consistently, with some studies failing to identify any predictors at all, even in a very large cohort.



As reviewed above, with high WBC count and increasing age as the most consistently validated predictors of ED, the current APL treatment is stratified over the baseline WBC (ATO or chemotherapy as the pair of ATRA) and according to age (elderly patients recommended to be treated with ATO regardless of APL risk) [1]. One would think ED would be less significant if treatment is tailored to these two variables, but it is still unacceptably high worldwide. Uncertainty therefore persists as to what the best independent predictors of ED are before and during induction treatment for APL. Recognizing clinical and laboratory predictors of ED is key to identifying patients at risk to tailor their care accordingly.




4.3. Platelets and Coagulation Parameters


The important role of APL’s coagulopathy as the culprit of the largest fraction of ED cases led to studies on the relationship between individual coagulation parameters and ED. In a 248-patient cohort treated with ATRA plus ATO with an ED rate of 16.1%, baseline WBC, prothrombin time (PT), and activated partial thromboplastin time (aPTT) were associated with an increased risk of ED due to thrombo-hemorrhagic events on univariate analysis. On multivariate Cox regression, only PT and aPTT remained as predictors of thrombo-hemorrhagic ED [64]. In addition, in a Surveillance, Epidemiology, and End Results Registry study including 204 patients with APL treated with ATRA, all-cause ED was associated with higher WBC counts, low fibrinogen, prolonged PT, and prolonged aPTT [12].



The role of platelet count as a predictor of ED in APL has yielded inconsistent results across studies. A study from Sweden developed a model for predicting ED, establishing WBC count, age, and platelet count as the most significant predictors [30]. Subsequently, a risk score was built encompassing these three variables, and this score showed superior discriminative power for ED compared to the WBC-based Sanz risk score [30]. While this Swedish study demonstrated a significant association between baseline platelet count and ED, an 813-patient study treated with ATRA plus daunorubicin from Brazil applied this risk model to predict ED in their population, but platelets did not reach statistical significance in their model [35]. This study identified a high white blood cell count and age above 40 years as independent predictors of ED. These discrepancies in the prognostic impact of platelet count may be context-dependent, possibly influenced by differences in study populations, supportive care practices, and treatment protocols.



Lastly, a low baseline serum fibrinogen (<100 mg/dL) was shown to be an independent predictor of ED in both young and older patients with APL treated with ATRA plus ATO in a 409-patient cohort from China [36].




4.4. Disseminated Intravascular Coagulation Score


The Disseminated Intravascular Coagulation (DIC) Score of the International Society of Thrombosis and Hemostasis is calculated using the platelet count, PT, fibrinogen, and d-dimers, and a Score of 5 or more is compatible with DIC [65]. Some of these individual standard coagulation parameters included in the score have been shown to predict hemorrhage and ED in APL, as detailed in the previous section.



Early recognition and management of DIC are crucial components of the overall care strategy for APL patients [1]. Therefore, there has been interest lately in studying the applicability of the DIC Score in patients with APL. Three recent studies have explored the potential role of the baseline DIC Score in predicting outcomes in APL patients.



The first study found that the usual cut-off of ≥5 for overt DIC did not associate with ED, but instead a Score ≥6 was significantly associated with ED (12% if score ≥ 6 versus 0% if score < 6) and with both lethal and non-lethal hemorrhage or thrombotic events (35% if score ≥ 6 versus 11% if score < 6) [66]. A study from Turkey identified the DIC Score as a predictor of ED on univariate analysis, but this association lost significant power in the multivariate analysis, which identified only age > 55 and ECOG performance status ≥ 2 as predictors of ED [67]. As the severity of the coagulopathy may change during the early treatment of APL, the evolution of the DIC Score and its association with mortality in APL was assessed in a Portuguese study. In patients succumbing to ED, an improvement of the baseline DIC Score was less frequent than in survivors beyond 30 days, while a worsening DIC Score was significantly more common (30.4% versus 6.4%). On multivariate regression analysis, the independent predictors of ED identified were a worsening DIC Score after 48 h (which conferred almost 8 times higher likelihood of ED) and age > 60 years [68]. The authors suggest intensifying blood product administration in patients whose baseline DIC Score worsens as a preventative strategy to potentially decrease ED [68,69], together with other recommended supportive measures [1].




4.5. Mortality Cause-Specific Predictors


Another lens through which predictors of ED can be examined is according to the cause of death. While most studies focus on all-cause ED, a few shed some light on specific causes of mortality. The largest study, from PETHEMA, identified age over 60 years, male gender and fever at presentation as independent prognostic factors for ED due to infection; an Eastern Cooperative Oncology Group (ECOG) performance status above 1 and low albumin as independent predictors of DS-related ED; and abnormal creatinine, increased peripheral blast counts and coagulopathy as independent prognostic factors for hemorrhage-related ED [6].



Severe hemorrhage and hemorrhage-related mortality have been the focus of more studies than for other causes of death in APL. Independent predictors of severe hemorrhage in multivariate analysis vary between these published studies. Proposed predictors have included WBC count, high peripheral blast count, low platelet count, prolonged PT and aPTT, decreased fibrinogen, increased lactate dehydrogenase, increased creatinine, and decreased performance status [6,55,59,70,71,72]. Most of the cohorts from which this data derives are small, with under 200 patients. The largest study to date focusing solely on ED caused by hemorrhage gathered data on 995 patients enrolled in 5 clinical trials that included ATRA in the induction treatment. At 30 days, the incidence of hemorrhagic death was 3.7%, and on multivariate analysis, a high total WBC count (≥20 × 109/L) emerged as the only independent predictor of early hemorrhagic death [53].




4.6. Resource-Limited Settings


Recent studies have pointed to the significance of socioeconomic factors and access to healthcare as contributors to ED. Patients from rural or under-resourced settings face barriers to timely diagnosis and treatment initiation [34], which are crucial in preventing ED. The role of early ATRA administration, even before definitive diagnosis, as a strategy to reduce ED underscores the critical window immediately following healthcare admission, where prompt, aggressive management can be lifesaving.



In the clinical trial ECOG-ACRIN EA9131, Jillella et al. investigated whether implementing a standardized treatment algorithm in community hospitals with co-management of patients with experts in APL from academic centers and community oncology practices could reduce 30-day ED [73]. With this collaboration, ED in this study was 3.0%, much lower than historical rates (17–30%) from real-world community hospital cohorts. This trial provides strong evidence that ED in APL can be dramatically reduced by detailed management algorithms, standard of care level of APL-specific therapy, intensive supportive care, physician education, and academic-community partnerships, which will help mirror trial-level outcomes into real-world practice.



In Brazil, delayed diagnosis and limited access to ATRA or blood product support have historically contributed to high rates of ED, which reached 32% [5]. To address these potentially modifiable logistical and socioeconomic factors, the American Society of Hematology established the International Consortium on Acute Promyelocytic Leukemia (IC-APL) in 2004 with the aim of improving outcomes of APL in developing countries, including Brazil, with the adoption of locally adapted diagnosis, treatment, and supportive care recommendations [27]. Implementation of the IC-APL network led to an almost 50% reduction in early mortality and a nearly 30% improvement in overall survival compared with historical controls, achieving OS and DFS outcomes comparable to those reported in developed countries. This endeavour proved that networking, improved supportive care, and application of locally adapted guidelines contributed to improving ED levels approaching what is seen in more resourced settings.



Limited access to ATO in some settings may also contribute to higher ED rates from APL in such regions, where anthracyclines are the only available partner for ATRA. Chemotherapy-based induction is associated with more frequent treatment-related mortality from severe infections, whereas ATO-based induction induces less myelosuppression and fewer ED compared to the anthracyclines plus ATO as reported in the APL-0406 trial [3]. The HARMONY study on a large cohort of APL patients showed lower ED incidence using ATO-based induction versus chemotherapy-based induction, both in clinical trials and in real-world practice [31].




4.7. Predictors of Death Before APL Treatment


Finally, only a few studies have focused on predictors of death before treatment in patients with APL. In 2010, an Italian study reported five patients with fatal hemorrhagic complications before starting ATRA plus chemotherapy. Compared with the patients who began APL-specific therapy, these patients more frequently had a delayed diagnosis, altered coagulation values, elevated WBC, a high peripheral blast count, and phenotypic expression of CD2 [42]. In a 104-patient cohort from Portugal, 5 patients expired before starting ATRA [41]. The factors significantly associated with very early death included the identification of a serum creatinine  >  1.5 mg/dL, a DIC Score  ≥  7, a DIC Score  ≥  6 in the second coagulation assessment within 24 h of APL suspicion, and the need for mechanical ventilation at hospital arrival [41]. The difficulty in delivering ATRA safely through a nasogastric tube in mechanically ventilated patients may have contributed to the quick deterioration and demise of these patients, together with the critically ill state in which these patients were when admitted to the hospital.





5. Measures to Prevent ED


While the induction treatment of APL patients is dictated by the Sanz risk, with possible adaptations of treatment protocol in elderly patients, standard intensive APL-specific supportive care measures are warranted regardless of APL risk and are recommended by an expert panel from the European LeukemiaNet to reduce ED [1]:




	-

	
Immediate administration of ATRA upon APL suspicion and not waiting until the marrow is examined or the PML-RARα is genetically confirmed to begin ATRA.




	-

	
Coagulopathy support:




	○

	
Administration of fibrinogen or cryoprecipitate if serum fibrinogen < 100–150 mg/dL, fresh frozen plasma or prothrombin complex if PT-INR > 1.3, and platelet transfusion if platelets < 30,000–50,000/µL.




	○

	
Monitoring coagulation parameters from one to four times daily until all laboratory and clinical signs of the coagulopathy resolve.




	○

	
No routine use of fibrinolytics, heparin, or other anticoagulant therapy since their benefit as routine care in APL is questionable.




	○

	
Avoidance of invasive procedures before and during induction therapy because of a high risk of hemorrhage.










	-

	
Differentiation syndrome (DS) prophylaxis with corticosteroids.




	-

	
Daily evaluation for signs and symptoms of DS to allow for early recognition and immediate treatment with dexamethasone.




	-

	
Treatment of leukocytosis to reduce the atypical promyelocyte burden in the peripheral blood, either with idarubicin in high-risk patients, or hydroxyurea, idarubicin, and/or gemtuzumab ozogamicin for low-risk patients who develop leukocytosis under ATRA plus ATO treatment.




	-

	
Prophylactic antibiotics and/or antifungals according to local infection control guidelines.









The widespread adoption of these measures, together with APL-targeted treatment, has revolutionized the landscape of this previously most lethal leukemia towards becoming the most curable in adults nowadays. Unfortunately, not all patients will survive the first hazardous month of APL disease despite the correct application of these interventions.



Figure 1 provides an integrated overview of incidence patterns, mechanisms, predictors, and potential strategies to reduce early death in APL.




6. Conclusions


Overcoming ED—either before treatment or during treatment—is the biggest challenge APL clinicians currently have at hand. There are still missing pieces in the puzzle of deciphering the modifiable contributors to ED in APL in order to significantly reduce ED in APL.



The two most systematically identified predictors of ED—higher WBC count and older age—already dictate the ideal APL treatment protocol for each patient with a choice between ATO or chemotherapy plus ATRA, but this stratification did not lead to the eradication of ED in APL. Thus, this highlights a need for validation of new tools that stratify newly diagnosed patients with APL according to their risk of ED. As reviewed, the ED risk score developed by Österroos et al. [65], the Sanz risk, and static or dynamic DIC Score assessments have been shown to be effective and easily available in daily clinical practice to help identify the patients at highest risk of death. The continued refinement of such scores could then inform the creation of tailor-made transfusion protocols and influence the treatment approach and frequency/intensity of monitoring, which would align with the unique risk profile of each patient [65].



The most consistent predictors of ED reported across clinical trials and real-world studies are the same and have a similar distribution. These were, in decreasing order of frequency, higher WBC count, older age, increased creatinine, low albumin, lower platelet count, coagulopathy, and male gender.



In the era of such effective APL first-line therapy, addressing ED requires a multifaceted approach that includes not only the optimization of supportive care and prophylactic strategies but also the improvement of healthcare access to ensure a fast APL diagnosis and rapid access to treatment by healthcare teams specialized in APL care. Wide availability of ATRA in emergency rooms, physician education across Hematology, Emergency Medicine, Pathology, and other areas to recognize suspicious signs of APL, quick referral protocols, and physician-to-physician networking with experts in APL are some recommended measures to globally prevent ED [8].



Future studies should aim to identify additional predictors of ED and to investigate local and global interventions that can mitigate these risks of early hemorrhage, thrombosis, infection, and DS, thereby improving the prognosis for all patients with APL.







Funding


This research received no external funding.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


No new data were created or analyzed in this study.




Conflicts of Interest


The author declares no conflicts of interest.




References


	



Sanz, M.A.; Fenaux, P.; Tallman, M.S.; Estey, E.H.; Löwenberg, B.; Naoe, T.; Lengfelder, E.; Döhner, H.; Burnett, A.K.; Chen, S.-J.; et al. Management of acute promyelocytic leukemia: Updated recommendations from an expert panel of the European LeukemiaNet. Blood 2019, 133, 1630–1643. [Google Scholar] [CrossRef] [Scilit]

	



Iland, H.J.; Bradstock, K.; Supple, S.G.; Catalano, A.; Collins, M.; Hertzberg, M.; Browett, P.; Grigg, A.; Firkin, F.; Hugman, A.; et al. All-trans-retinoic acid, idarubicin, and IV arsenic trioxide as initial therapy in acute promyelocytic leukemia (APML4). Blood 2012, 120, 1570–1580. [Google Scholar] [CrossRef] [Scilit]

	



Lo-Coco, F.; Avvisati, G.; Vignetti, M.; Thiede, C.; Orlando, S.M.; Iacobelli, S.; Ferrara, F.; Fazi, P.; Cicconi, L.; Di Bona, E.; et al. Retinoic Acid and Arsenic Trioxide for Acute Promyelocytic Leukemia. N. Engl. J. Med. 2013, 369, 111–121. [Google Scholar] [CrossRef] [Scilit]

	



Tallman, M.S.; Lo-Coco, F.; Kwaan, H.C.; Sanz, M.A.; Gore, S.D. Early death in patients with acute promyelocytic leukemia. Proceedings from a live roundtable at the 2010 American Society of Hematology Annual Meeting, December 4–7, 2010, Orlando, Florida. Clin. Adv. Hematol. Oncol. 2011, 9, 1–16. [Google Scholar] [PubMed]

	



Jácomo, R.H.; Melo, R.A.M.; Souto, F.R.; de Mattos, E.R.; de Oliveira, C.T.; Fagundes, E.M.; Bittencourt HNda, S.; Bittencourt, R.I.; Bortolheiro, T.C.; Paton, E.J.A.; et al. Clinical features and outcomes of 134 Brazilians with acute promyelocytic leukemia who received ATRA and anthracyclines. Haematologica 2007, 92, 1431–1432. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



de la Serna, J.; Montesinos, P.; Vellenga, E.; Rayón, C.; Parody, R.; León, A.; Esteve, J.; Bergua, J.M.; Milone, G.; Debén, G.; et al. Causes and prognostic factors of remission induction failure in patients with acute promyelocytic leukemia treated with all-trans retinoic acid and idarubicin. Blood 2008, 111, 3395–3402. [Google Scholar] [CrossRef] [Scilit]

	



Stahl, M.; Tallman, M.S. Acute promyelocytic leukemia (APL): Remaining challenges towards a cure for all. Leuk. Lymphoma 2019, 60, 3107–3115. [Google Scholar] [CrossRef] [Scilit]

	



Odetola, O.; Tallman, M.S. How to avoid early mortality in acute promyelocytic leukemia. Hematology 2023, 2023, 248–253. [Google Scholar] [CrossRef] [Scilit]

	



Ablain, J.; Leiva, M.; Peres, L.; Fonsart, J.; Anthony, E.; de Thé, H. Uncoupling RARA transcriptional activation and degradation clarifies the bases for APL response to therapies. J. Exp. Med. 2013, 210, 647–653. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Fenaux, P.; Le Deley, M.C.; Castaigne, S.; Archimbaud, E.; Chomienne, C.; Link, H.; Guerci, A.; Duarte, M.; Daniel, M.T.; Bowen, D. Effect of all transretinoic acid in newly diagnosed acute promyelocytic leukemia. Results of a multicenter randomized trial. European APL 91 Group. Blood 1993, 82, 3241–3249. [Google Scholar] [CrossRef] [Scilit]

	



Falanga, A.; Russo, L.; Montesinos, P. APL coagulopathy, In Acute Promyelocytic Leukemia; Springer International Publishing: Cham, Switzerland, 2018; pp. 55–70. [Google Scholar]

	



Altman, J.K.; Rademaker, A.; Cull, E.; Weitner, B.B.; Ofran, Y.; Rosenblat, T.L.; Haidau, A.; Park, J.H.; Ram, S.L.; Orsini, J.M.J.; et al. Administration of ATRA to newly diagnosed patients with acute promyelocytic leukemia is delayed contributing to early hemorrhagic death. Leuk. Res. 2013, 37, 1004–1009. [Google Scholar] [CrossRef] [Scilit]

	



Platzbecker, U.; Adès, L.; Montesinos, P.; Ammatuna, E.; Fenaux, P.; Baldus, C.; Berthon, C.; Bocchia, M.; Bonmati, C.; Borlenghi, E. First results of the APOLLO trial: A randomized phase III study to compare ATO combined with ATRA versus standard AIDA regimen for patients with newly diagnosed, high-risk acute promyelocytic leukemia. In Proceedings of the 2024 European Hematology Association Congress, Madrid, Spain, 13–16 June 2024. Abstract S102. [Google Scholar]

	



Lehmann, S.; Ravn, A.; Carlsson, L.; Antunovic, P.; Deneberg, S.; Möllgård, L.; Derolf, A.R.; Stockelberg, D.; Tidefelt, U.; Wahlin, A.; et al. Continuing high early death rate in acute promyelocytic leukemia: A population-based report from the Swedish Adult Acute Leukemia Registry. Leukemia 2011, 25, 1128–1134. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Schuh, A.C. Timely diagnosis and treatment of acute promyelocytic leukemia should be available to all. Haematologica 2022, 107, 570–571. [Google Scholar] [CrossRef] [Scilit]

	



Lehmann, S.; Deneberg, S.; Antunovic, P.; Rangert-Derolf, Å.; Garelius, H.; Lazarevic, V.; Myhr-Eriksson, K.; Möllgård, L.; Uggla, B.; Wahlin, A.; et al. Early death rates remain high in high-risk APL: Update from the Swedish Acute Leukemia Registry 1997–2013. Leukemia 2017, 31, 1457–1459. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Paulson, K.; Serebrin, A.; Lambert, P.; Bergeron, J.; Everett, J.; Kew, A.; Jones, D.; Mahmud, S.; Meloche, C.; Sabloff, M.; et al. Acute promyelocytic leukaemia is characterized by stable incidence and improved survival that is restricted to patients managed in leukaemia referral centres: A pan-Canadian epidemiological study. Br. J. Haematol. 2014, 166, 660–666. [Google Scholar] [CrossRef] [Scilit]

	



Park, J.H.; Qiao, B.; Panageas, K.S.; Schymura, M.J.; Jurcic, J.G.; Rosenblat, T.L.; Altman, J.K.; Douer, D.; Rowe, J.M.; Tallman, M.S. Early death rate in acute promyelocytic leukemia remains high despite all-trans retinoic acid. Blood 2011, 118, 1248–1254. [Google Scholar] [CrossRef] [Scilit]

	



Mcclellan, J.S.; Kohrt, H.E.; Coutre, S.; Gotlib, J.R.; Majeti, R.; Alizadeh, A.A.; Medeiros, B.C. Treatment advances have not improved the early death rate in acute promyelocytic leukemia. Haematologica 2012, 97, 133–136. [Google Scholar] [CrossRef] [Scilit]

	



Li, G.; Wu, J.; Li, R.; Pan, Y.; Ma, W.; Xu, J.; Nan, M.; Hou, L. Improvement of Early Death in Acute Promyelocytic Leukemia: A Population-Based Analysis. Clin. Lymphoma Myeloma Leuk. 2022, 23, e78–e84. [Google Scholar] [CrossRef] [Scilit]

	



Teng-Fei, S.; Diyaer, A.; Hong-Ming, Z.; Xin-Jie, C.; Wen-Fang, W.; Yu-Bing, Z.; Xiao-Jing, L.; Wen-Yan, C.; Yang, S. Evolving of treatment paradigms and challenges in acute promyelocytic leukaemia: A real-world analysis of 1105 patients over the last three decades. Transl. Oncol. 2022, 25, 101522. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Fenaux, P.; Chastang, C.; Chevret, S.; Sanz, M.; Dombret, H.; Archimbaud, E.; Fey, M.; Rayon, C.; Huguet, F.; Sotto, J.J.; et al. A randomized comparison of all transretinoic acid (ATRA) followed by chemotherapy and ATRA plus chemotherapy and the role of maintenance therapy in newly diagnosed acute promyelocytic leukemia. The European APL Group. Blood 1999, 94, 1192–1200. [Google Scholar] [CrossRef] [Scilit]

	



Lo-Coco, F.; Avvisati, G.; Vignetti, M.; Breccia, M.; Gallo, E.; Rambaldi, A.; Paoloni, F.; Fioritoni, G.; Ferrara, F.; Specchia, G.; et al. Front-line treatment of acute promyelocytic leukemia with AIDA induction followed by risk-adapted consolidation for adults younger than 61 years: Results of the AIDA-2000 trial of the GIMEMA Group. Blood 2010, 116, 3171–3179. [Google Scholar] [CrossRef] [Scilit]

	



Burnett, A.K.; Grimwade, D.; Solomon, E.; Wheatley, K.; Goldstone, A.H. Presenting white blood cell count and kinetics of molecular remission predict prognosis in acute promyelocytic leukemia treated with all-trans retinoic acid: Result of the Randomized MRC Trial. Blood 1999, 93, 4131–4143. [Google Scholar] [CrossRef] [Scilit]

	



Lengfelder, E.; Haferlach, C.; Saussele, S.; Haferlach, T.; Schultheis, B.; Schnittger, S.; Ludwig, W.-D.; Staib, P.; Aul, C.; Grüneisen, A.; et al. High dose ara-C in the treatment of newly diagnosed acute promyelocytic leukemia: Long-term results of the German AMLCG. Leukemia 2009, 23, 2248–2258. [Google Scholar] [CrossRef] [Scilit]

	



Sanz, M.A.; Martiín, G.; Gonzaález, M.; Leoón, A.; Rayoón, C.; Rivas, C.; Colomer, D.; Amutio, E.; Capote, F.J.; Milone, G.A.; et al. Risk-adapted treatment of acute promyelocytic leukemia with all-trans-retinoic acid and anthracycline monochemotherapy: A multicenter study by the PETHEMA group. Blood 2004, 103, 1237–1243. [Google Scholar] [CrossRef] [Scilit]

	



Rego, E.M.; Kim, H.T.; Ruiz-Argüelles, G.J.; Undurraga, M.S.; Uriarte Mdel, R.; Jacomo, R.H.; Gutiérrez-Aguirre, H.; Melo, R.A.M.; Bittencourt, R.; Pasquini, R.; et al. Improving acute promyelocytic leukemia (APL) outcome in developing countries through networking, results of the International Consortium on APL. Blood 2013, 121, 1935–1943. [Google Scholar] [CrossRef] [Scilit]

	



Gill, H.; Raghupathy, R.; Lee, C.Y.Y.; Yung, Y.; Chu, H.-T.; Ni, M.Y.; Xiao, X.; Flores, F.P.; Yim, R.; Lee, P.; et al. Acute promyelocytic leukaemia: Population-based study of epidemiology and outcome with ATRA and oral-ATO from 1991 to 2021. BMC Cancer 2023, 23, 141. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Rashidi, A.; Riley, M.; Goldin, T.A.; Sayedian, F.; Bayerl, M.G.; Aguilera, N.S.; Vos, J.A.; Goudar, R.K.; Fisher, S.I. Delay in the administration of all-trans retinoic acid and its effects on early mortality in acute promyelocytic leukemia: Final results of a multicentric study in the United States. Leuk. Res. 2014, 38, 1036–1040. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Österroos, A.; Maia, T.; Eriksson, A.; Jädersten, M.; Lazarevic, V.; Wennström, L.; Antunovic, P.; Cammenga, J.; Deneberg, S.; Lorenz, F.; et al. A risk score based on real-world data to predict early death in acute promyelocytic leukemia. Haematologica 2022, 107, 1528–1537. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Voso, M.T.; Guarnera, L.; Lehmann, S.; Döhner, K.; Döhner, H.; Platzbecker, U.; Russell, N.; Dillon, R.; Thomas, I.; Ossenkoppele, G.; et al. Acute promyelocytic leukemia: Long-term outcomes from the HARMONY project. Blood 2025, 145, 234–243. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Guru Murthy, G.S.; Szabo, A.; Michaelis, L.; Carlson, K.-S.; Runaas, L.; Abedin, S.; Atallah, E. Improving Outcomes of Acute Promyelocytic Leukemia in the Current Era: Analysis of the SEER Database. J. Nat. Compr. Cancer Netw. 2020, 18, 169–175. [Google Scholar] [CrossRef] [Scilit]

	



Zhu, H.; Hu, J.; Chen, L.; Zhou, W.; Li, X.; Wang, L.; Zhao, X.; Zhang, Y.; Zhao, H.; Wang, A.; et al. The 12-year follow-up of survival, chronic adverse effects, and retention of arsenic in patients with acute promyelocytic leukemia. Blood 2016, 128, 1525–1528. [Google Scholar] [CrossRef] [Scilit]

	



Dhakal, P.; Lyden, E.; Rajasurya, V.; Zeidan, A.M.; Chaulagain, C.; Gundabolu, K.; Bhatt, V.R. Early mortality and overall survival in acute promyelocytic leukemia: Do real-world data match results of the clinical trials? Leuk Lymphoma 2021, 62, 1949–1957. [Google Scholar] [CrossRef] [Scilit]

	



Silva, W.F.; Kim, H.T.; Undurraga, M.S.; Navarro-Cabrera, J.R.; Salinas, V.; Muxi, P.; Melo, R.A.M.; Gloria, A.B.F.; Pagnano, K.B.B.; Nunes, E.C.; et al. Early death and intracranial hemorrhage prediction in acute promyelocytic leukemia: Validation of a risk score in a cohort from an international consortium treated with chemotherapy plus all-trans retinoic acid. Haematologica 2025, 110, 795–798. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Jin, B.; Zhang, Y.; Hou, W.; Cao, F.; Lu, M.; Yang, H.; Tian, X.; Wang, Y.; Hou, J.; Fu, J.; et al. Comparative analysis of causes and predictors of early death in elderly and young patients with acute promyelocytic leukemia treated with arsenic trioxide. J. Cancer Res. Clin. Oncol. 2020, 146, 485–492. [Google Scholar] [CrossRef] [Scilit]

	



Zhu, H.-H.; Ma, Y.-F.; Yu, K.; Ouyang, G.-F.; Luo, W.-D.; Pei, R.-Z.; Xu, W.-Q.; Hu, H.-X.; Mo, S.-P.; Xu, X.-H.; et al. Early Death and Survival of Patients With Acute Promyelocytic Leukemia in ATRA Plus Arsenic Era: A Population-Based Study. Front Oncol. 2021, 11, 762653. [Google Scholar] [CrossRef] [Scilit]

	



Lebon, D.; Da Rocha, A.; Cassinat, B.; Heiblig, M.; Bertoli, S.; Bonmati, C.; Zilliox, A.; Laloi, M.; Berthon, C.; Duployez, N.; et al. Comparison of induction with arsenic trioxide or chemotherapy in a real-world cohort of patients with high-risk acute promyelocytic leukemia. Leukemia 2025, 39, 1865–1870. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Brioso Infante, J.; Aguiar, E.; Sá, I.; Marques, I.; Neto, M.; Almeida, C.; Nascimento, T.; Pereira, M.I.; Cortesao, E.; Mendes Sapinho, G.; et al. Improved Real-World Outcomes of Patients with Acute Promyelocytic Leukemia Treated with First-Line Arsenic Trioxide in Specialized Centers in Portugal through a 24/7 Phone-Based Referral: A Study from the Portuguese Acute Leukemia Group. Blood 2024, 144, 2894. [Google Scholar] [CrossRef] [Scilit]

	



Micol, J.B.; Raffoux, E.; Boissel, N.; Lengliné, E.; Canet, E.; Daniel, M.T.; Labarthe Ade Maarek, O.; Cassinat, B.; Adès, L.; Baruchel, A.; et al. Management and treatment results in patients with acute promyelocytic leukaemia (APL) not enrolled in clinical trials. Eur. J. Cancer 2014, 50, 1159–1168. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Infante, J.; Esteves, G.; Raposo, J.; de Lacerda, J.F. Predictors of very early death in acute promyelocytic leukemia: A retrospective real-world cohort study. Ann. Hematol. 2023, 102, 3031–3037. [Google Scholar] [CrossRef] [Scilit]

	



Breccia, M.; Latagliata, R.; Cannella, L.; Minotti, C.; Meloni, G.; Lo-Coco, F. Early hemorrhagic death before starting therapy in acute promyelocytic leukemia: Association with high WBC count, late diagnosis and delayed treatment initiation. Haematologica 2010, 95, 853–854. [Google Scholar] [CrossRef] [Scilit]

	



Sanz, M.A.; Montesinos, P. How we prevent and treat differentiation syndrome in patients with acute promyelocytic leukemia. Blood 2014, 123, 2777–2782. [Google Scholar] [CrossRef] [Scilit]

	



Hambley, B.C.; Tomuleasa, C.; Ghiaur, G. Coagulopathy in Acute Promyelocytic Leukemia: Can We Go Beyond Supportive Care? Front. Med. 2021, 8, 722614. [Google Scholar] [CrossRef] [Scilit]

	



Abla, O.; Coco, F.L.; Sanz, M.A. Acute Promyelocytic Leukemia: A Clinical Guide; Springer International Publishing: Cham, Switzerland, 2018. [Google Scholar]

	



Frankel, S.R.; Eardley, A.; Lauwers, G.; Weiss, M.; Warrell, R.P. The “Retinoic Acid Syndrome” in Acute Promyelocytic Leukemia. Ann. Intern. Med. 1992, 117, 292–296. [Google Scholar] [CrossRef] [Scilit]

	



Montesinos, P.; Sanz, M.A. The differentiation syndrome in patients with acute promyelocytic leukemia: Experience of the pethema group and review of the literature. Mediterr. J. Hematol. Infect. Dis. 2011, 3, e2011059. [Google Scholar] [CrossRef] [Scilit]

	



Stahl, M.; Tallman, M.S. Differentiation syndrome in acute promyelocytic leukaemia. Br. J. Haematol. 2019, 187, 157–162. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Montesinos, P.; Bergua, J.M.; Vellenga, E.; Rayón, C.; Parody, R.; de la Serna, J.; León, A.; Esteve, J.; Milone, G.; Debén, G.; et al. Differentiation syndrome in patients with acute promyelocytic leukemia treated with all-trans retinoic acid and anthracycline chemotherapy: Characteristics, outcome, and prognostic factors. Blood 2009, 113, 775–783. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Cicconi, L.; Lo-Coco, F. Current management of newly diagnosed acute promyelocytic leukemia. Ann. Oncol. 2016, 27, 1474–1481. [Google Scholar] [CrossRef] [Scilit]

	



Sanz, M.A.; Montesinos, P.; Rayón, C.; Holowiecka, A.; de la Serna, J.; Milone, G.; de Lisa, E.; Brunet, S.; Rubio, V.; Ribera, J.M.; et al. Risk-adapted treatment of acute promyelocytic leukemia based on all-trans retinoic acid and anthracycline with addition of cytarabine in consolidation therapy for high-risk patients: Further improvements in treatment outcome. Blood 2010, 115, 5137–5146. [Google Scholar] [CrossRef] [Scilit]

	



Xu, F.; Wang, C.; Yin, C.; Jiang, X.; Jiang, L.; Wang, Z.; Meng, F. Analysis of early death in newly diagnosed acute promyelocytic leukemia patients. Medicine 2017, 96, e9324. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Mantha, S.; Goldman, D.A.; Devlin, S.M.; Lee, J.W.; Zannino, D.; Collins, M.; Douer, D.; Iland, H.J.; Litzow, M.R.; Stein, E.M.; et al. Determinants of fatal bleeding during induction therapy for acute promyelocytic leukemia in the ATRA era. Blood 2017, 129, 1763–1767. [Google Scholar] [CrossRef] [Scilit]

	



Avvisati, G.; Lo-Coco, F.; Paoloni, F.P.; Petti, M.C.; Diverio, D.; Vignetti, M.; Latagliata, R.; Specchia, G.; Baccarani, M.; Di Bona, E.; et al. AIDA 0493 protocol for newly diagnosed acute promyelocytic leukemia: Very long-term results and role of maintenance. Blood 2011, 117, 4716–4725. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Kim, D.-Y.; Lee, J.-H.; Lee, J.-H.; Kim, S.-D.; Lim, S.-N.; Choi, Y.; Lee, Y.-S.; Kang, Y.-A.; Seol, M.; Jeon, M.; et al. Significance of fibrinogen, D-dimer, and LDH levels in predicting the risk of bleeding in patients with acute promyelocytic leukemia. Leuk. Res. 2011, 35, 152–158. [Google Scholar] [CrossRef] [Scilit]

	



Ferro, J.M.; Infante, J. Cerebrovascular manifestations in hematological diseases: An update. J. Neurol. 2021, 268, 3480–3492. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Song, Y.; Peng, P.; Qiao, C.; Zhang, R.; Li, J.; Lu, H. Low platelet count is potentially the most important contributor to severe bleeding in patients newly diagnosed with acute promyelocytic leukemia. OncoTargets Ther. 2017, 10, 4917–4924. [Google Scholar] [CrossRef] [Scilit]

	



Xiao, M.; Zhou, P.; Liu, Y.; Wei, S.; Li, D.; Li, W.; Niu, X.; Niu, J.; Zhang, Y.; Cao, W.; et al. Predictive factors for differentiating thrombohemorrhagic disorders in high-risk acute promyelocytic leukemia. Thromb. Res. 2022, 210, 33–41. [Google Scholar] [CrossRef] [Scilit]

	



Chang, H.; Kuo, M.C.; Shih, L.Y.; Dunn, P.; Wang, P.N.; Wu, J.H.; Lin, T.L.; Hung, Y.S.; Tang, T.C. Clinical bleeding events and laboratory coagulation profiles in acute promyelocytic leukemia. Eur. J. Haematol. 2012, 88, 321–328. [Google Scholar] [CrossRef] [Scilit]

	



Falanga, A. Predicting APL lethal bleeding in the ATRA era. Blood 2017, 129, 1739–1740. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Madan, V.; Shyamsunder, P.; Han, L.; Mayakonda, A.; Nagata, Y.; Sundaresan, J.; Kanojia, D.; Yoshida, K.; Ganesan, S.; Hattori, N.; et al. Comprehensive mutational analysis of primary and relapse acute promyelocytic leukemia. Leukemia 2016, 30, 1672–1681. [Google Scholar] [CrossRef] [Scilit]

	



Picharski, G.L.; Andrade, D.P.; Fabro, A.L.M.R.; Lenzi, L.; Tonin, F.S.; Ribeiro, R.C.; Figueiredo, B.C. The Impact of Flt3 Gene Mutations in Acute Promyelocytic Leukemia: A Meta-Analysis. Cancers 2019, 11, 1311. [Google Scholar] [CrossRef] [Scilit]

	



Song, Y.; Peng, P.; Qiao, C.; Li, J.; Long, Q.; Lu, H. Potential Effects of the FLT3-ITD Mutation on Chemotherapy Response and Prognosis of Acute Promyelocytic Leukemia. Cancer Manag. Res. 2021, 13, 2371–2378. [Google Scholar] [CrossRef] [Scilit]

	



Singh, C.; Karunakaran, P.; Yanamandra, U.; Jindal, N.; Kumar, S.R.; Saini, N.; Jandial, A.; Jain, A.; Lad, D.; Prakash, G.; et al. Factors associated with thrombo-hemorrhagic deaths in patients with Acute Promyelocytic leukemia treated with Arsenic Trioxide and all-trans retinoic acid. Leuk. Res. 2023, 134, 107392. [Google Scholar] [CrossRef] [Scilit]

	



Toh, C.H.; Hoots, W.K.; ISTH, T. The scoring system of the Scientific and Standardisation Committee on Disseminated Intravascular Coagulation of the International Society on Thrombosis and Haemostasis: A 5-year overview. J. Thromb. Haemost. 2007, 5, 604–606. [Google Scholar] [CrossRef] [Scilit]

	



Mitrovic, M.; Suvajdzic, N.; Bogdanovic, A.; Kurtovic, N.K.; Sretenovic, A.; Elezovic, I.; Tomin, D. International Society of Thrombosis and Hemostasis Scoring System for disseminated intravascular coagulation ≥6: A new predictor of hemorrhagic early death in acute promyelocytic leukemia. Med. Oncol. 2013, 30, 478. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Baysal, M.; Gürsoy, V.; Hunutlu, F.C.; Erkan, B.; Demirci, U.; Bas, V.; Gulsaran, S.K.; Pinar, I.E.; Ersal, T.; Kirkizlar, T.A.; et al. The evaluation of risk factors leading to early deaths in patients with acute promyelocytic leukemia: A retrospective study. Ann. Hematol. 2022, 101, 1049–1057. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Infante, J.B.; Esteves, G.V.; Raposo, J.; de Lacerda, J.F. Disseminated intravascular coagulation score evolution in 48 h predicts early death in acute promyelocytic leukemia patients. Eur. J. Haematol. 2024, 112, 840–844. [Google Scholar] [CrossRef] [Scilit]

	



Infante, J.B.; Esteves, G.; Martins, H.; Medeiros, J.; Alves, D.; Lopes, C.; Costa, M.J.; Guerrero, M.B.; Moreno, R.; Lourenço, F.; et al. Disseminated intravascular coagulation score evolution in 48 hours predicts early death in newly-diagnosed chemotherapy-treated acute promyelocytic leukemia patients. Blood 2020, 136, 9. [Google Scholar] [CrossRef] [Scilit]

	



Di Bona, E.; Avvisati, G.; Castaman, G.; Luce Vegna, M.; De Sanctis, V.; Rodeghiero, F.; Mandelli, F. Early haemorrhagic morbidity and mortality during remission induction with or without all-trans retinoic acid in acute promyelocytic leukaemia. Br. J. Haematol. 2000, 108, 689–695. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Dally, N.; Hoffman, R.; Haddad, N.; Sarig, G.; Rowe, J.M.; Brenner, B. Predictive factors of bleeding and thrombosis during induction therapy in acute promyelocytic leukemia—A single center experience in 34 patients. Thromb. Res. 2005, 116, 109–114. [Google Scholar] [CrossRef] [Scilit]

	



Yanada, M.; Matsushita, T.; Asou, N.; Kishimoto, Y.; Tsuzuki, M.; Maeda, Y.; Horikawa, K.; Okada, M.; Ohtake, S.; Yagasaki, F.; et al. Severe hemorrhagic complications during remission induction therapy for acute promyelocytic leukemia: Incidence, risk factors, and influence on outcome. Eur. J. Haematol. 2007, 78, 213–219. [Google Scholar] [CrossRef] [Scilit]

	



Jillella, A.P.; Lee, S.J.; Altman, J.K.; Luger, S.M.; Tallman, M.S.; Foran, J.M.; Bradshaw, D.; Law, L.Y.; Bryan, L.J.; Abou Zahr, A.; et al. Academic Community Partnership in Acute Promyelocytic Leukemia and Early Mortality. JAMA Oncol. 2025, 11, 400. [Google Scholar] [CrossRef] [Scilit]








[image: Medsci 13 00300 g001] 





Figure 1. Overview of Early Death in Acute Promyelocytic Leukemia across four domains. Incidence: Reported ED rates vary widely, with the lowest rates observed in clinical trials (approximately 3−15%), substantially higher rates in real-world cohorts (3.7−32%), and a significant proportion of deaths occurring before initiation of ATRA (2−10%). Despite major improvements in long-term survival, ED has shown limited reduction over time and remains disproportionately high in high-risk disease and outside controlled trial settings. Causes: Hemorrhage is the dominant mechanism of ED, particularly within the first 1–2 weeks of presentation, while infection and differentiation syndrome become more prominent contributors in weeks 3–4. Predictors: The most consistent predictors identified across studies are an elevated presenting white blood cell count and older age. Additional reported predictors include renal dysfunction, hypoalbuminemia, thrombocytopenia, coagulopathy, male sex, poor performance status, and high peripheral blast counts. Strategies to reduce ED: Key opportunities to lower ED include immediate initiation of ATRA at first suspicion of APL, intensive and goal-directed transfusion support for treatment of coagulopathy, early recognition and management of treatment-related complications (particularly differentiation syndrome, infection, and QT-related arrhythmias), and implementation of institutional APL emergency pathways which enable rapid access to expert hematologic care and to ATRA/transfusions, as well as critical care support. ATRA—alltransretinoic acid, DS—differentiation syndrome, ECOG—Eastern Cooperative Oncology Group, WBC—white blood cell count. 
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Table 1. Early death rates at 30 days reported in major clinical trials in APL, including major cause of ED and identified prognostic factors of ED in each study.
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	Study
	Patients
	Years
	Induction

Treatment
	ED Rate
	Major Cause of ED
	Prognostic Factors for ED





	Fenaux et al. [22]
	413
	1993–1996
	ATRA + Daunorubicin + ARA-C
	7%
	Sepsis (42%)

CNS hemorrhage (33%)
	Older age

Higher WBC count



	Lo-Coco et al. [23]
	1081
	1993–2006
	AIDA
	6%
	Hemorrhage (35%)

Sepsis (17%)
	Higher WBC count

Lower platelet count

Older age



	Burnett et al. [24]
	120
	1993–1997
	ATRA + Dauno/ARA-C
	12%
	Hemorrhage (36%)

Infection (18%)
	Higher age

Higher WBC count



	Lengfelder et al. [25]
	142
	1994–2005
	ATRA + TAD/HAM
	8%
	Hemorrhage (36%)

Infection (18%)
	Higher age 99

Higher WBC count



	Sanz et al. [26]
	426
	1996–2002
	AIDA
	9%
	Hemorrhage (64%)

Sepsis (28%)
	Age > 70 years

WBC > 10,000/uL



	De la Serna et al. [6]
	732
	1999–2005
	ATRA + Idarubicin
	9%
	Hemorrhage (56%)

Infection (26%)
	ED by hemorrhage: abnormal creatinine, increased peripheral blast counts, coagulopathy

ED by infection: age > 60 years, male gender, fever

ED by DS: ECOG PS > 1, low albumin



	Lo-Coco et al. [3]
	156
	2007–2012
	AIDA

ATRA + ATO
	3%
	Differentiation syndrome (50%)

Acute ischemic stroke (25%)

Infection (25%)
	NA



	Platzbecker et al. [13]
	131
	2016–2022
	AIDA

ATRA + ATO
	10%

7%
	Intracranial hemorrhage (58%)
	NA



	Rego et al. [27]
	180
	NA
	ATRA + Dauno
	15%
	Hemorrhage (48%)

Infection (26%)
	Higher WBC count

Coagulopathy

Increased creatinine

Low albumin







AIDA—all-transretinoic acid plus idarubicin, ARA-C—cytarabine, ATRA—all-trans retinoic acid, ATO—arsenic trioxide, CNS—central nervous system, CRP—C-reactive protein, DS—differentiation syndrome, ECOG PS—Eastern Cooperative Oncology Group Performance Status, ED—early death, ICU—intensive care unit, LDH—lactate dehydrogenase, NA—not available, WBC—white blood cells.













 





Table 2. Early death rates at 30 days reported in major real-world cohorts in APL, including major cause of ED and identified prognostic factors of ED in each study, ordered by the initial year of the study period.
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	Study
	Patients
	Years
	Induction Treatment
	ED Rate
	Major Cause of ED
	Prognostic Factors for ED





	Li et al. [20]
	3212
	1986–2015
	Not reported
	21.3%
	Not reported
	Older age

Earlier diagnosis year

Socioeconomic status



	Gill et al. [28]
	751
	1991–2021
	ATRA + Dauno

Oral ATO + ATRA + Dauno
	19%
	Differentiation syndrome (45%)
	Male gender

Age  >  50 years

WBC  >  10  ×  109/L

Diagnosis in 1991–2009



	Park et al. [18]
	1400
	1992–2007
	Not reported
	17.3%
	Not reported
	Age ≥ 55 years

Diagnosis in 1992–1995 (vs. 1996–2007)



	Altman et al. [12]
	204
	1992–2009
	ATRA + chemotherapy
	11%
	Hemorrhage (61%)
	Higher WBC count

Low fibrinogen

Prolonged PT

Prolonged aPTT



	Paulson et al. [17]
	399
	1993–2007
	Not reported
	22%
	Not reported
	Age ≥ 50 years



	Rashidi et al. [29]
	120
	1996–2013
	ATRA + chemotherapy
	17%
	Hemorrhage (55%)
	WBC  >  10  ×  109/L

DIC on admission

Transfer to ICU



	Lehmann et al. [14]
	105
	1997–2006
	ATRA-based
	29%
	Hemorrhage (41%)
	Higher WBC count

High LDH

High CRP

Lower platelet count

Increased creatinine



	Lehmann et al. [16]
	195
	1997–2013
	ATRA-based
	25.1%
	Hemorrhage (46%)
	Older age

Higher WBC count

Lower platelet count

Increased creatinine



	Österroos et al. [30]
	301
	1997–2020
	ATRA + idarubicin + cytarabine
	19.6%
	Hemorrhage or thrombosis (59.4%)
	White blood cell count

Lower platelet count

Older age



	Voso et al. [31]
	1438
	1999–2022
	ATO + ATRA or ATRA + idarubicin
	Overall: 5.9%

Clinical trial: 2.2%

Real-world: 8.1%
	Hemorhage

Infections
	Increasing age

High Sanz risk score



	Murthy et al. [32]
	2962
	2000–2014
	Not reported
	2000–2004: 25.3%; 2005–2009: 20.6%; 2010–2014: 17.1%
	Not reported
	Older age

Earlier treatment period (2000–2009)

Male gender

Hispanic ethnicity



	Zhu et al. [33]
	265
	2001–2012
	ATRA + ATO ± chemotherapy
	6.8%
	Hemorrhage (66.7%)
	Not reported



	Jacomo et al. [5]
	157
	2003–2006
	ATRA + chemotherapy
	32%
	Hemorrhage (66.6%)
	Not reported



	Dhakal et al. [34]
	7190
	2004–2015
	Not reported
	12%

(19–40 y: 6%; 41–60 y: 10%; >60 y: 21%)
	Not reported
	Higher Charlson Comorbidity Index

No private insurance

Treatment at community center



	Silva et al. [35]
	813
	2005–2020
	ATRA + daunorubicin
	14%
	Hemorrhage (60.5%)
	Age ≥ 40 years

High white blood cell count



	Jin et al. [36]
	409
	2007–2019
	ATO + ATRA
	Elderly pts: 23.74%; younger pts: 11.85%
	Hemorrhage
	Elderly patients: male gender, WBC count > 10 × 109/L, fibrinogen < 1.0 g/L, low albumin levels

Younger patients: higher WBC count, lower fibrinogen, and increased creatinine



	Zhu et al. [37]
	1233
	2015–2019
	ATRA + ATO in 78%
	8.2%
	Intracranial hemorrhage (59.4%)
	Age ≥ 60 years

WBC > 10 × 109/L



	Lebon et al. [38]
	135
	2010–2021
	ATRA + CHT (62%)

ATRA + ATO (38%)
	ATRA + ATO: 10%

ATRA + CHT: 22%
	Hemorrhage (45.8%), sepsis (41.7%)
	Not reported



	Infante et al. [39]
	135
	2017–2024
	ATO + ATRA
	3.7%
	Intracranial hemorrhage (60%)

Septic shock (40%)
	Older age (age > 75 years)







aPTT—activated partial thromboplastin time, ATRA—all-trans retinoic acid, ATO—arsenic trioxide, CRP—C-reactive protein, DIC—disseminated intravascular diagnosis, ED—early death, ICU—intensive care unit, LDH—lactate dehydrogenase, PT—prothrombin time, WBC—white blood cell.
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