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Abstract

The application of all-trans retinoic acid (ATRA) and arsenic trioxide (ATO) has revolutionized 

the treatment of acute promyelocytic leukemia (APL). More than 80–90% of patients are expected 

to be cured with a combination of ATRA, ATO and/or chemotherapy. In this review, we focus on 

the remaining obstacles to a cure for all patients with APL. We review the issue of early death and 

coagulopathy and discuss the particular challenges in the care of patients with high-risk APL and 

patients with relapsed APL. We also give recommendations and highlight ongoing efforts to 

improve the persistently high early death rate and the outcomes of high risk and relapsed APL 

patients.
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Introduction

Acute promyelocytic leukemia (APL) is a unique subtype of acute myeloid leukemia (AML) 

defined by the fusion of promyelocytic leukemia (PML) gene with the retinoic acid receptor-

α gene (RARα) as a result of a balanced translocation between chromosome 15 and 17 

creating PML-RARα [1]. This oncogenic fusion protein leads to a block of myeloid 

differentiation at the promyelocytic stage of myelopoiesis [1]. Over the last decades the 

development of treatment targeting PML-RARα with all-trans retinoic acid and (ATRA) and 

arsenic trioxide (ATO) has transformed APL from a disease with a high mortality and long-

term survival of less than 50% to the most curable subtype of adult acute leukemia in adults 

[2–4].

Although with ATRA and ATO long-term survival has improved to 80–90% or higher [3,4], 

challenges remain in the treatment of APL. In this commentary, we focus on these remaining 

challenges in the field of APL. We discuss the issues of early death and coagulopathy and 

review the management of challenging patient populations including those with high-risk 
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disease and patients with relapsed APL. Lastly, we offer advice on how to overcome the 

remaining obstacles to cure for all APL patients (Figure 1).

Early death

Early death, most commonly defined as death within the first 30 days of presentation to 

medical care, is the major cause of treatment failure in APL [5] (Figure 1). Causes for early 

death are mainly coagulopathy leading to intracerebral, gastrointestinal and pulmonary 

hemorrhage and less commonly infection and differentiation syndrome [6]. In an analysis of 

two large PETHEMA group studies of APL patients treated with ATRA and idarubicin, 91% 

of patients achieved a complete remission whereas 9% died during induction therapy with 

hemorrhage being the most common cause of death (5%), followed by infection (2.3%) and 

differentiation syndrome (1.4%) [7]. Most of the early deaths in the PETHEMA studies 

(57%) occurred during the first week of induction therapy and the type of lethal hemorrhage 

was most commonly intracranial hemorrhage (65%) followed by pulmonary (32%) and 

gastrointestinal bleeding (3%). Similarly, other large cooperative group studies have reported 

a relatively low early death rate (EDR) of about 5–10% [8–11] (Table 1). However, clinical 

trials frequently exclude patients with severe coagulopathy and/or hemorrhage at the time of 

presentation who may die before treatment is initiated and therefore likely underestimate the 

EDR. For instance, in the PETHEMA LPA 96 and LPA 99 trials half of the patients 

excluded from the study had life-threatening hemorrhages [12].

Not surprisingly, the analysis of ‘real world’ registries and large population-based cancer 

database data tell a much different story regarding the EDR in APL (Table 1). In a Swedish 

registry study of 105 APL patients, the EDR was reported as 29% with hemorrhage being 

the most common cause of death (41% of patients with early death); 35% of patients with 

early death never received ATRA [18]. Similarly, in an analysis of 1400 newly diagnosed 

APL patients using the Surveillance, Epidemiology and End Results (SEER) database, an 

EDR of 17.3% was reported, which was even higher for patients older than 55 years 

reaching 24.2% in that patient population [20]. Importantly, the EDR did change, but only 

modestly over time after ATRA was approved and rapidly incorporated into routine practice 

with survival improving from the period of 1992–1995 (22.1%) to the period 1996–2011 

(14.7%), but no further improvements after 2001 (17.5%). This brings up the concern that 

ATRA may be frequently administered too late into the presentation of patients with APL 

contributing to a persistently high EDR.

In fact, in a retrospective analysis of 204 consecutive newly diagnosed APL patients, who 

presented between 1992 and 2009 to four major academic centers with experience caring for 

patients with APL, showed that ATRA was only ordered on the day APL was suspected in 

31% of patients [21]. The study showed an EDR of 11% with hemorrhage being the cause 

for early death in 61% of cases. The median time from presentation until suspicion of an 

APL diagnosis was 1 day and on average it took an additional 1 day until ATRA was 

administered. In 39% of patients, ATRA was only administered once a suspected diagnosis 

of APL was pathologically confirmed either by bone marrow biopsy review or by 

demonstrating the PML-RARα translocation by cytogenetics, fluorescence in situ 
hybridization (FISH) or polymerase chain reaction (PCR).
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Given that APL is a rare disease expert management is essential in the early stages of the 

disease in order to improve survival. For instance, utilizing the National Cancer Database, it 

has been shown that compared to APL patients treated at nonacademic centers (community 

cancer program, comprehensive community cancer program and others), APL patients 

treated at academic medical centers had a lower 30-day mortality (22% vs. 25%, p = .03) 

and improved 1-year OS (83% vs. 78%; p < .001) [22]. Innovative approaches are clearly 

needed to deliver expert care rapidly to patients both in the academic and community 

hospital setting. One such approach is to establish a support system for emergency room 

physicians and other providers by having a group of oncologists with expertise in the 

treatment of APL available for advice over phone, text or email 24 hours a day 7 days a 

week. This approach has demonstrated some promising results in a pilot study in Georgia 

and South Carolina [23] and is currently tested in a unique NCI funded clinical trial led by 

the ECOG-ACRIN clinical trials group (NCT03253848) (Figure 1).

Coagulopathy

Coagulopathy is present in almost all patients with APL at the time of presentation and, if 

left untreated, can develop into disseminated intravascular coagulation (DIC) [24] (Figure 

1). DIC is characterized by coagulopathy, fibrinolysis and proteolysis and prolonged 

prothrombin (PT), partial thromboplastin (PTT) time and a deceased platelet count and 

fibrinogen are seen on laboratory evaluation. Although the true incidence of DIC in APL is 

not known, a recent epidemiological survey from Taiwan showed that about 78% of APL 

patients developed DIC [25].

The coagulopathy in APL is a complex process driven by expression of the tumor-associated 

procoagulants including tissue factor (TF) and cancer procoagulant (CP) [26–28] as well as 

hyperfibrinolysis induced by elevated levels of urokinase-type plasminogen activator (u-PA) 

and tissue-type plasminogen activator (tPA) and reduced levels of plasminogen and a2-

antiplasmin [29–31]. Additionally, the release of cytokines from promyelocytes including 

IL-1β and TNFα have been shown to induce cell death of endothelial cells with subsequent 

increase in TF expression [32]. More recently, the podoplanin gene is found to be highly-

expressed on APL promyelocytes leading to aberrant platelet binding, activation, and 

aggregation [33]. Given its complex pathophysiology, it is not surprising that APL can 

present with both bleeding and thrombosis [24,32].

In a retrospective study of 995 APL patients treated within 5 large clinical trials with ATRA-

containing treatment regimens, the two independent predictors for increased rates of 

hemorrhagic death during the first 30 days following induction therapy were an ECOG 

performance status of 3–4 (vs. 0–2; HR 2.17, 95% CI 0.84–5.62) and a white blood cell 

count (WBC) of ≥20 000/mL (vs. <20 000/L; HR 5.2, 95%CI 2.7–10.02) [34]. In a 

retrospective analysis of 124 APL patients treated with the AIDA regimen (ATRA plus 

Idarubicin) of the GIMEMA group, 8.9% of patients experienced a thrombotic event [35]. 

Patients with thrombotic events had a higher median WBC and a higher prevalence of the 

bcr3 transcript type (72 vs 48%, p = .01), expression of FLT3-ITD (64 vs 28%, p = .02) as 

well as a CD2 (54 vs 20%, p = .0001) and CD15- positive immunophenotyped (36 vs 8%, p 
= .01) compared to patients without a thrombotic event [35]. In contrast, a larger 
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retrospective study of 733 APL patients treated with the AIDA regimen in a PETHEMA 

group study, 4.5% of patients developed a thrombotic event and risk factors for thrombosis 

were the M3-variant subtype (11% vs 4%, p = .02) and fibrinogen <170 mg/dL (7% vs 3%, 

p =.02), but not the expression of FLT3-ITD or a CD2 or CD15-positive immunophenotype 

[36]. Additionally, severe APL differentiation syndrome has been shown to be a risk factor 

for developing both hemorrhage and thrombosis [37].

Early initiation of ATRA and or ATO and aggressive supportive care utilizing 

cryoprecipitate and platelet transfusions remain the mainstay of therapy for APL-associated 

coagulopathy [24]. An expert panel of the European Leukemia Network has published 

guidelines for the management of patients with suspected APL [38]. These guidelines 

emphasize the immediate initiation of therapy with ATRA without waiting for genetic 

confirmation of the PML-RARα fusion gene and utilizing aggressive supportive care 

measures to reverse any existing and prevent the development of coagulopathy. 

Recommended supportive care measures include cryoprecipitate and platelet transfusions to 

maintain a fibrinogen of >100–150 mg/dl and a platelet count of >50.000/μL, with the 

additional use of fresh frozen plasma in the case of prolonged activated partial 

thromboplastin time and/or prothrombin time [25,38]. These guidelines also recommend 

sending diagnostic samples to a reference laboratory for rapid and reliable diagnostic 

confirmation of the suspected APL diagnosis. Importantly all three actions should be taken 

simultaneously without any delay in treatment with ATRA or initiation of aggressive 

supportive measures. Additionally, aggressive treatment of differentiation syndrome by both 

stopping the offending agent (ATRA or ATO) and treating the patient with high dose steroids 

(dexamethasone 10 mg/m2 every 12 h) is essential [39].

The role of heparin, antifibrinolytics and recombinant factor VII in the treatment of APL-

related coagulopathy is more controversial [24]. Heparin was initially thought to be 

beneficial in reducing hemorrhage in APL by inhibiting fibrin formation and thereby 

reducing the consumption of clotting factors and platelets [24,40,41]. Conversely, 

antifibrinolytic agents (aminocaproic acid or tranexamic acid) have been found to be 

beneficial in small studies [42,43]. However, the studies showing a potential beneficial effect 

of heparin and antifibrinolytics were carried out prior to the advent of ATRA-based therapy, 

were not randomized and enrolled only a small number of patients. In fact, a large 

retrospective study of 268 patients treated for APL by the GIMEMA before the advent of 

ATRA showed no difference in response, survival and early hemorrhagic death between 

heparin, antifibrinolytics (tranexamic acid, epsilon-aminocaproic acid, or aprotinin) and 

supportive therapy alone [44]. In addition, the use of tranexamic acid for patients treated 

with the AIDA regimen in the LPA 99 trial led by the PETHEMA group did not reduce the 

rate of hemorrhagic deaths and was associated with a higher rate of thrombotic events 

[7,36]. Lastly, the role of recombinant factor VIIa in APL-associated hemorrhage remains 

unclear. Several case studies reported successful reversal of life-threatening hemorrhage in 

APL with recombinant factor VIIa [45–47]; however, no clinical trials examining the use of 

recombinant factor VIIa in APL have been undertaken.

In summary, in order to improve outcomes in APL, particular attention needs to be paid to 

the persistently high EDR in patients presenting with newly diagnosed APL, which is mainly 
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due to life-threatening coagulopathy and fatal hemorrhage. This can frequently be reversed 

by the early administration of ATRA and utilizing aggressive transfusion support with blood 

product. Heparin and antifibrinolytic agents are not recommended anymore for the routine 

use in APL (Figure 1).

High-Risk APL

The APL 0406 study demonstrated that low- and intermediate-risk APL patients can be 

effectively treated with a chemotherapy-free regimen utilizing only ATRA and ATO [4,48]. 

A small pilot study in China took this a step further by showing that 65% and 100% of low- 

and intermediate-risk APL patients treated with an outpatient regimen using oral ATO and 

ATRA achieve a complete molecular remission at 3 months and at 6 months, respectively 

[49]. High-risk APL patients, defined as patients with a WBC > 10 × 109/L, present a 

challenge to the treating physician. With initiation of treatment, patients are at risk for 

developing a rapidly rising WBC and potentially life-threatening differentiation syndrome, 

hemorrhage, and DIC. Therefore, the NCCN guidelines recommend prophylactic 

administration of corticosteroids in all APL patients with a WBC > 10 × 109/L [50] and 

particular attention needs to be paid to correcting any existing or worsening coagulopathy as 

discussed above.

The standard of care recommended by the NCCN guidelines for high-risk patients is 

induction therapy utilizing ATRA in combination with daunorubicin plus cytarabine or 

ATRA in combination with ATO and idarubicin. This is followed by consolidation therapy 

with ATRA plus daunorubicin or ATRA plus ATO followed by maintenance therapy [2,50]. 

If administered consistently, these treatment regimens lead to excellent clinical outcomes 

[2,50]. The PETHEMA LPA99 trial showed that adding ATRA to anthracycline 

chemotherapy during consolidation therapy was superior to anthracycline monotherapy as 

used in the PETHEMA LPA96 trial [51]. The LPA2005 trial demonstrated that the addition 

of cytarabine to ATRA plus idarubicin for induction therapy led to a 3-year relapse rate of 

11%, which was significantly lower than in the LPA99 trial (26%; p = .03) [52]. In the 

APML4 trial the combination of ATRA, ATO, and idarubicin followed by ATRA and ATO 

consolidation and ATRA, 6-mercaptopurine, and methotrexate maintenance therapy led to 

excellent outcomes with a 5-year disease-free survival (DFS) of 95% and OS of 87% [53].

Significant progress has been made toward using chemotherapy-free regimens similar to 

what has been achieved for patients with low-risk APL. The MD Anderson group attempted 

to reduce exposure to traditional chemotherapy by adding gemtuzumab ozogamicin (GO), an 

anti-CD33 monoclonal antibody conjugated to the anthracycline antibiotic calicheamicin, at 

a dose of 9 mg/m2 on day 1 of induction therapy with ATRA and ATO for high-risk APL 

patients, which led to 5-year DFS and OS of 89% and 86%, respectively [54]. In the AML17 

trial by the National Cancer Research Institute in the UK, APL patients were randomized to 

receive either chemotherapy-free treatment with ATRA and ATO or ATRA and idarubicin 

[16]. While prior trials had excluded high-risk APL patients [4,48], the AML17 trial 

included 57 high-risk APL patients with a WBC > 10 × 109/L, who were given a single dose 

of GO at 6 mg/m2 to control the elevated WBC and prevent complications induced by 

differentiation treatment. Both ATRA plus ATO and ATRA plus idarubicin resulted in high 
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rates of molecular remission (91% vs 88%, p = .48) and 4-year survival (93% vs 89%, p 
= .25) with a significantly lower 4-year cumulative incidence of morphological relapse in the 

ATRA plus ATO arm (1% vs. 18%, p = .0007) [16]. Of note, the APL17 trial also 

administered ATO on a novel twice weekly treatment schedule instead of a daily treatment 

schedule after completion of daily ATO administration for the first 5 days of each treatment 

course.

In a thought-provoking small pilot study in China, 20 high-risk APL patients were treated 

with a chemotherapy-free outpatient based induction regimen using oral ATRA and ATO 

with the addition hydroxyurea until a WBC < 10 × 109/L was achieved [55]. Long-term 

outcomes were excellent with a complete molecular response rate of 85% and 100% at 3 and 

6 months, respectively, and an estimated 3-year OS and EFS of 100% and 89.4%, 

respectively. Two patients experienced a molecular relapse at 12 and 15 months but achieved 

a complete molecular response again using the same treatment protocol. However, 16 

patients out of 20 patients required the simultaneous administration of cytarabine for a 

median of 6 days and the total time in the hospital was a median of 25 days per patient.

In summary, these studies show that even high-risk APL patients can be effectively treated 

with mostly chemotherapy-free regimens utilizing only GO or anthracyclines for initial 

cytoreduction (Figure 1).

Relapsed APL

The vast majority of patients with APL achieve a complete remission after induction therapy 

and molecular remission after completion of consolidation therapy. However, about 10% of 

patients with high-risk APL experience a relapse of their disease [2]. ATO based regimens 

have also become the standard of care for patients with relapsed APL as ATO has been 

shown to result in CR rates of 80–90% and 3-year survival of 50–70% [56–58] (Figure 1). In 

fact, the risk of relapse has been significantly reduced with using ATO during induction 

and/or consolidation therapy, including in patients with high-risk APL; however, it is unclear 

how this will affect the efficacy of ATO in the relapsed disease setting [2].

The general treatment strategy for relapsed disease consists of induction therapy with the 

goal of achieving a molecular remission followed by consolidation therapy with either 

autologous or allogeneic stem cell transplantation (SCT) depending on the response. The 

specific induction treatment approach depends on whether the patient received ATO and 

anthracycline-containing regimens during induction and/or consolidation therapy and 

whether the relapse occurred early (<6 months) or late (≥6 months) after completion of an 

ATO containing treatment regimen [50]. Patients without prior exposure to ATO or with late 

relapse after treatment with an ATO containing regimen or early relapse after ATRA plus 

anthracycline-containing regimens are generally treated with ATO until count recovery with 

marrow confirmation of remission [50]. Patients, who experience an early relapse after 

ATRA and ATO based treatment without receiving anthracyclines, are treated with ATO and 

idarubicin instead [50]. For all of these regimens, ATRA can be added but, the degree of 

benefit if any is unclear in the relapsed disease setting. Missense mutations affecting the 

ligand-binding domain of the RARα region of the PML-RARα fusion protein conferring 
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resistance to ATRA have been described [59,60]. Furthermore, in a small randomized trial, 

the addition of ATRA to ATO in relapsed APL patients was not associated with any added 

benefit [57].

Once patients achieve a second molecular remission, high-dose chemotherapy followed by 

autologous SCT is most commonly used as consolidation therapy whereas for patients, who 

do not achieve a molecular remission, allogeneic transplant is preferred if a donor is 

available [2,61]. In a retrospective analysis of relapsed APL patients, who achieved a 

molecular remission with salvage therapy, autologous SCT was superior compared to ATO 

based consolidation therapy with a 5-year event-free survival of 83% in the transplanted 

group and 34% in the ATO based therapy group, respectively [61]. The benefit of autologous 

SCT is seen in the subgroup of patients, who have no evidence of minimal residual disease 

(MRD) as evidenced by PML-RARα negativity by PCR prior to undergoing autologous 

stem cell transplant. In a prospective study by the GIMEMA group, all 7 APL patients with 

evidence of MRD by positive PCR for PML-RARα prior to autologous SCT, still had 

evidence of MRD after receiving an autologous SCT and relapsed after just a median of 5 

months after transplant [62]. On the contrary, all 8 patients without evidence of MRD by 

PCR prior to autologous SCT, remained PCR negative during initial follow up controls after 

SCT; one patient relapsed at 10 months after transplant, one died of a secondary (PML/

RARα−) leukemia, and six remained in molecular remission at a median time of 28 months. 

In patients with presence of MRD by PCR, allogeneic transplant is recommended as 

consolidation therapy if a donor is available and the patient is deemed fit for transplant [63].

Patients who do not achieve a remission with initial salvage therapy represent a particular 

challenge to the treating physician. For these patients, GO can be considered as a salvage 

treatment option and inclusion of patients into clinical trials should be strongly considered 

[64,65] (Figure 1).

Conclusions

Targeting PML-RARα with ATRA and ATO has transformed APL from a frequently lethal 

disease to a curable disease in most patients. The major remaining obstacles to a cure for all 

patients with APL are a relatively high EDR due to coagulopathy and hemorrhage, as well 

as, the care for high-risk patients and patients with relapsed disease. Reducing the EDR in 

patients with APL likely will not depend on the approval of new drugs, but will require a 

rigorous implementation of existing guidelines including the start of ATRA at first suspicion 

of APL and aggressive reversal of coagulopathy.

High-risk APL patients with a WBC > 10 × 109/L are at a particular risk for developing 

coagulopathy and differentiation syndrome once induction treatment is started and should be 

treated with prophylactic steroids and blood products to counteract any coagulopathy. De-

escalation of treatment in patients with high-risk APL unitizing mostly chemotherapy -free 

regimen combining ATRA with ATO and using cytoreductive treatment with chemotherapy 

or GO for initial leukocytosis does not result in inferior results compared to ATRA plus 

idarubicin.
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ATO based salvage therapy has improved outcomes of relapsed APL. Patients who do not 

achieve a remission can be treated with GO but are best included in clinical trials.
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Figure 1. 
Remaining obstacles to cure for all APL patients and approaches to overcome them.
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