
 

     
 

 

 

  

Acute Promyelocytic Leukemia 
 Effective Date: March, 2023 

Clinical Practice LYHE-008 – Version 2 
www.ahs.ca/guru 

Guideline Resource Unit 
guru@ahs.ca 

http://www.ahs.ca/guru


 
 

           2  
 

Guideline Resource Unit 
 

Last revision: March 2023 

Background 

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

characterized by abnormal promyelocytes and a translocation involving chromosomes 15 and 17 

leading to a PML-RARa fusion gene product. APL accounts for 5-10% of all AML diagnosed with an 

incidence in Canada of 0.083/100 000 (1-2). The median age is 30 with a male to female ratio of 1:1. 

After age 20 the age-specific incidence is constant until a decline at age 60-70[Type a quote from the 

document or the summary of an interesting point. You can position the text box anywhere in the 

document. Use the Drawing Tools tab to change the formatting of the pull quote text box.] 

 (1,3). Therapy-related APL has been reported after chemotherapy and radiation exposure, 

particularly after topoisomerase II inhibitors in patients treated for breast cancer (1).  

The prognosis of APL is excellent, with a complete remission rate greater than 90% and a 5-year 

overall survival of 80-90%. The reported risk of early mortality is 10%, primarily due to hemorrhage, 

sepsis or differentiation syndrome. Recent data from a Canadian cancer registry estimated a higher 

rate of early mortality in APL of 22% (10.6% in <50 years old, 35.5% in >50 years old) (2,4,5). 

APL has distinct clinical features and management when compared to other forms of AML. This 

document serves as a supplement to the AML guidelines, to specifically address the differences in 

the diagnosis and management of APL.  

Guideline Questions 

• What are the diagnostic criteria for APL? 

• What is the recommended management for adult patients in Alberta with APL? 

• What is the recommended follow-up for adult patients in Alberta with APL? 

Search Strategy 

The MEDLINE (1996 to March 2015), ASCO abstracts and proceedings, and ASH abstracts and 

proceedings databases were searched. The search included practice guidelines, systematic reviews, 

meta-analyses, randomized controlled trials and clinical trials. For the 2023 update, the evidence was 

reviewed and no major content changes were made. 

Target Population 

The following guidelines apply to adults over the age of 18 years only. 

Recommendations 

Diagnosis and Prognosis 

1. Urgent testing for the translocation (15;17) and/or gene product (PML-RARa) must be done by 

karyotype, fluorescence in situ hybridization (FISH) and/or molecular testing to confirm the 

diagnosis of acute promyelocytic leukemia (APL). 
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2. The prognosis of APL is excellent, with further risk stratification based on the WBC and platelet 

count (Sanz risk score). 

Management 

3. Supportive management includes aggressive monitoring and treatment of coagulopathy, 

differentiation syndrome, as well as preventing prolonged QTc and arrhythmias on arsenic 

trioxide (ATO) therapy. 

4. For low-intermediate risk patients (WBC ≤10.0), the Lo-Coco protocol (ATRA and ATO alone) 

is recommended. 

5. For high-risk patients (WBC >10), the addition of an anthracycline to induction, based on the 

APML4 protocol, is recommended. 

Follow-up in Low-Intermediate Risk Patients (WBC ≤ 10.0)  

6. A bone marrow examination to assess complete remission should be done after induction in 

the Lo-Coco protocol, to document hematologic CR. Molecular remission must be documented 

by the end of the final cycle of consolidation. 

7. Molecular monitoring by PCR is not recommended in low-intermediate risk patients given the 

very low risk of recurrence in this population. 

Follow-up in High Risk Patients (WBC >10) 

8. A bone marrow examination to assess complete remission should be done after the first cycle 

of consolidation is completed, to document hematological CR. Molecular remission must be 

documented by the end of the final cycle of consolidation. 

9. Sequential molecular monitoring by peripheral blood PCR is recommended in high-risk 

patients every 3 months for a total of 36 months post-consolidation, to detect molecular 

relapse and guide pre-emptive therapy. 

 

Discussion 

Diagnosis 

While the peripheral blood and bone marrow specimen are helpful in identifying the possibility of APL, 

urgent testing for the pathognomonic translocation (15;17)(q22;q21) and/or gene product (PML-

RARa) must be done by karyotype, fluorescence in situ hybridization (FISH) and/or molecular testing 

to confirm the diagnosis. The 2008 WHO Classification characterizes APL under ‘acute myeloid 

leukemia with recurrent genetic abnormalities”, no blast count cutoff is required once the cytogenetic 

abnormality is confirmed (6). The characteristic flow cytometry immunophenotype is CD13+ CD33+ 

CD34- CD117+ CD56- CD15- CD11b- HLA DR- (6). 

Rare complex cryptic translocations producing the PML-RARa gene product are possible. Seven 

variant RARA translocations exist in less than 5% of cases and include: NPM1, t(5;17) ; NUMA1, 

t(11;17); *ZBTB16/PLZF, t(11;17); *STAT5B, t(17;17), PRKAR1A, t(17;17); FIP1L1, t(4;17); and 

IRF2BP2, t(1;17) (6-8). 

*Variants with reported resistance to all-trans-retinoic acid (ATRA). 
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The molecular abnormality FLT3 ITD is seen in 12-40% of APL cases, and is associated with 

leukocytosis, the short PML/RARA (BCR3) isoform and microgranular morphology (9-10). 

A prominent presenting feature of APL is disseminated intravascular coagulopathy (DIC) leading to 

hemorrhagic symptoms and occasionally thrombosis (11). Patients may have evidence of soft tissue 

infiltration (skin, gingiva). Unlike other forms of AML, the total white blood cell count is low or normal. 

In contrast to typical APL, the microgranular variant of APL is associated with significant leukocytosis 

with a rapid doubling time. 

Investigations 

Please see AML guidelines for appropriate investigations. In APL this includes regular monitoring for 

DIC (CBC, INR/PT, PTT, fibrinogen), and a baseline EKG to assess the QTc interval. Cardiac 

function should be assessed by means of an echocardiogram or nuclear medicine scan. 

Prognosis 

Based on a multivariate regression analysis of relapse-free survival from PETHEMA and GIMEMA 

studies using ATRA+chemotherapy regimes, Sanz et al. identified the initial WBC and platelet count 

as independent prognostic factors and created a simple risk score that is widely used (12): 

Sanz Risk Category 3-year Relapse-free 

Survival 

Low Risk WBC count ≤ 10.0, platelet count > 40 x 109/L 98% 

Intermediate Risk WBC count ≤ 10.0, platelet count ≤ 40 x 109/L 89% 

High Risk WBC count > 10 x 109/L 70% 

 

Early severe differentiation syndrome (DS) is associated with mechanical ventilation and a higher rate 

of death during induction therapy (40% versus 7%) (13). Risk factors for developing DS are an 

elevated WBC (>5 x 109/L) and abnormal renal function (13). Other predictors for early mortality 

secondary to differentiation syndrome include ECOG ≥2 and low albumin (5). Severe DS has also 

been associated with the development and death relating to hemorrhage (13-14). Risk factors for 

early mortality secondary to hemorrhage include WBC >10, peripheral blast count >30, abnormal 

renal function, and presence of coagulopathy (5).  

Other poor prognostic factors include post-therapy MRD positivity and age (15). FLT3 ITD may be 

associated with a poor prognosis, however, this has not been consistent in all studies and recent 

studies evaluating upfront arsenic trioxide therapy show no difference in outcome based on FLT3 

status (9,10,16,17). Unlike other subtypes of AML, there is no prognostic difference in therapy-related 

APL (1). 
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Treatment 

Initial Management 

Once the diagnosis of APL is suspected, treatment with ATRA should be started as soon as possible 

at a dose of 45 mg/m2/day (rounded to the nearest 10 mg) divided into twice daily dosing, to initiate 

differentiation of leukemic promyelocytes and improve the coagulopathy and risk of hemorrhage. 

Appropriate counseling around ATRA’s teratogenicity is recommended, including pregnancy testing in 

women of reproductive age, as appropriate (18). 

Supportive Treatment 

1) Procedures: To avoid hemorrhagic and thrombosis complications, consideration of a peripherally 

inserted central catheter (PICC) with multiple lumens is recommended instead of a central line. 

Lumbar punctures should be avoided. In the setting of leukocytosis, leukopheresis is not 

recommended given the risk of exacerbating a coagulopathy. 

2) Coagulopathy: Frequent lab monitoring (at a maximum interval of every 6 hours) and blood product 

support are needed when there is evidence of coagulopathy. Transfusions are recommended to keep 

a platelet count >30 x 109/L, fibrinogen level >1.5 g/L, and a normal INR/PT. Heparin is not 

recommended unless there is evidence of venous thromboembolism. Standard transfusion 

recommendations apply when there is no further evidence of coagulopathy.  

3) Differentiation Syndrome: Differentiation syndrome (DS) can be caused by ATRA or arsenic 

trioxide (ATO) and is suspected with the presence of one of the following: unexplained fever, weight 

gain >5 kg, peripheral edema, dyspnea with pulmonary infiltrates on chest radiograph, unexplained 

hypotension, acute renal failure, or pleuropericardial effusion (18-19). These symptoms and signs are 

non-specific and other diagnoses such as pneumonia, sepsis, cardiac toxicity and pulmonary 

hemorrhage should also be considered. Severe DS is defined as 4 or more of the above signs or 

symptoms, and moderate DS is defined as 2-3 of the above signs or symptoms (13). The incidence of 

DS has a bimodal peak in the first and third week in both moderate and severe DS, with severe DS 

occurring earlier (median 6 days) compared to moderate DS (median 15 days) (13).  

The use of prophylactic steroids in DS is controversial, with little evidence to guide therapy (20). 

Steroids are routinely given as part of the protocols using upfront ATO therapy, at prednisone 0.5-1.0 

mg/kg per day starting on Day 1 for part or all of induction therapy. (17,21). 

If differentiation syndrome is suspected, increasing steroids to therapeutic doses (dexamethasone 10 

mg IV Q12H) is recommended. Consider holding ATRA and ATO in cases of severe differentiation 

syndrome. Other supportive measures include furosemide and less commonly hemodialysis or 

mechanical ventilation. The patient should be in a monitored setting, early involvement of the 

intensive care team is recommended for progressive and/or severe DS (18,20).  
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4) Use of cytoreductive therapy: Use of a chemo-free regimen such as the Lo-Coco protocol is 

frequently associated with hyperleukocytosis during induction, which may increase the risk of DS. 

Hydroxyurea should be used to control the WBC count (500 mg QID if WBC 10-50 x 109/L or 1 gram 

QID if WBC >50 x 109/L). 

5) Arrhythmias on Arsenic Trioxide: Baseline and regular EKGs are recommended while on ATO 

therapy to monitor the QTc (a minimum of EKGs 2x/week). Other QT-prolonging medications should 

be avoided if possible. Replacement of potassium and magnesium should be done to keep electrolyte 

levels in the upper limit of normal (K>4, Mg>0.75) while a patient is on ATO. ATO should be 

temporarily held if there is evidence of an arrhythmia, or until low electrolytes are replaced and the 

QTc has normalized. 

6) Antibiotic prophylaxis: Because cases of HSV and VZV reactivation have been observed, anti-viral 

prophylaxis (e.g. valacyclovir) is advisable. Invasive fungal infections appear to be less common in 

APL than in AML but can occur (49). Although the above studies with ATO + ATRA did not report on 

the use of anti-fungal prophylaxis, its use can be considered, given the expected duration of 

neutropenia. However, azoles should be avoided due to QTc prolongation and potential drug 

interactions with ATRA. For patients receiving prolonged courses of corticosteroid prophylaxis, PJP 

prophylaxis with co-trimoxazole should also be considered. 

7) Tumor lysis syndrome: Monitor for tumor lysis syndrome, with allopurinol for patients at high risk of 

tumor lysis syndrome.  

8) Nutritional support: A daily multivitamin is recommended to prevent thiamine deficiency, particularly 

if patients have other risk factors for malnutrition. Neurological symptoms are common in ATO, with 

case reports of thiamine deficiency described in patients with APL on ATO therapy (21).  

APL Therapy  

Background 

The introduction of the retinoid ATRA has improved disease free survival and overall survival in APL, 

and has become the backbone of APL treatment (16, 23-27). When used concurrently with induction, 

consolidation and maintenance chemotherapy, ATRA decreases disease relapse, with the added risk 

of differentiation syndrome up to 25% (13,16,25,27,28,29).  

Compared to other subtypes of acute myeloid leukemia, APL has shown increased sensitivity to 

anthracycline chemotherapy. Prior to the ATRA era, anthracycline monotherapy was shown to have 

superior event-free survival with similar complete remission rates and overall survival, when 

compared to a standard “3 + 7” regime (30). The role of cytarabine continues to be evaluated in high-

risk patients (WBC >10) (31-32).  
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Arsenic trioxide induces differentiation and apoptosis of APL cells. ATO binds to the PML portion of 

the PML-RARA fusion protein, and ATRA binds to the RARA moiety, synergistically inducing PML-

RARA protein degradation via independent pathways (33-35). Recent studies show improved clinical 

outcomes with the combination of ATRA and ATO in the upfront treatment of APL (17, 21, 36-41). 

The use of ATRA+ATO is also cost-effective in Canada when compared to ATRA+chemotherapy 

(42). Risks of ATO include differentiation syndrome, neurological side effects, liver enzyme elevation 

and arrhythmias.  

Several studies have incorporated patients’ white cell counts as a risk factor in treatment protocols, 

either excluding patients or escalating chemotherapy regimes when the initial WBC is greater than 

10. (17,21,24,25,31,40). Studies have also evaluated risk-adapted therapy, with de-escalation of 

therapy for patients with low-intermediate risk disease (31). Of the clinical trials evaluating ATO in the 

upfront setting, omitting standard chemotherapy like idarubicin has only been evaluated in a low-

intermediate risk population with WBC ≤10.0. (17,21,36,39). 

Upfront setting 

Low-intermediate risk group: We recommend treatment with a combination of ATRA+ATO for 

induction and consolidation therapy based on the protocol published by the Lo-Coco et al. (21). The 

use of ATRA+ATO was at least non-inferior to ATRA+Idarubicin at 2 years, with less cytopenias and 

infectious complications (21). The ATRA+ATO arm had more hepatotoxicity, prolonged QTc and 

leukocytosis, however there was no difference in the rate of differentiation syndrome between arms 

(21).  

As per the Lo-Coco protocol, ATRA+ATO should be continued in induction until hematologic CR, or a 

maximum of 60 days. This should be followed by 4 consolidation cycles of ATRA+ATO.  

High-risk group: The addition of an anthracycline to ATRA and ATO during induction is recommended 

in patients with high-risk disease, based on the initial WBC count >10 x 109/L, using the APML4 

protocol (17,36). This regimen consists of induction with Idarubicin+ATRA+ATO, followed by two 

consolidation cycles of ATRA+ATO, followed by 2 years of maintenance therapy with ATRA, 6MP and 

methotrexate. 

In both upfront ATO protocols, CNS prophylaxis is not recommended. Neurological testing (lumbar 

puncture and/or MRI) should only be performed if there are symptoms or signs suggestive of 

neurological involvement.  

In addition to usual AML treatment, patients should be monitored for rash, differentiation syndrome, 

coagulopathy, prolonged QTc/arrhythmias and elevated liver enzymes. 
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Lo-Coco protocol (n=77 in ATRA + ATO 
arm) 

2-year outcomes  

Cumulative incidence of relapse 1%  

Event-free survival  97%  

Disease-free survival 97%  

Overall survival 99%  

APML4 protocol (n=124; 24 high risk) 

Cumulative incidence of relapse 2.5%  

Failure-free survival 88.1%  

Disease-free survival 88.1%  

Overall survival 93.2%  

 

Elderly patients 

A chemotherapy-free regime using ATO+ATRA is recommended in low-intermediate elderly patients, 

to minimize toxicity. In the phase 3 trial published by Lo-Coco et al, there were 35 patients enrolled 

between the ages of 60-70. The 2-year event-free survival rates were 100% in the ATRA+ATO group, 

compared to 84% in the ATRA+Idarubicin group (4 deaths from differentiation syndrome, pulmonary 

embolism and bronchopneumonia). (43). The APML4 protocol is recommended in high-risk elderly 

patients, unless an anthracycline is contraindicated. 

Relapsed setting 

We recommend ATO therapy in the relapsed setting for an ATO-naïve patient (45). In transplant-

eligible patients, transplant is recommended to consolidate a remission after ATO, with the option of 

autologous transplantation in a patient without high-risk features who achieves a molecular remission 

with ATO therapy (45-47). Allogeneic transplant should be considered in all patients who do not 

achieve a molecular remission in second complete remission (CR2).  

There is little evidence to guide recommendations in the setting of relapse after upfront ATO therapy. 

Arsenic-resistance has been reported, with presence of mutations in the PML-RARA B2 binding 

domain. Reinduction with ATRA+ATO should be used for late relapses. For early relapses, options 

include ATO, “3 + 7”, or other AML salvage regimes prior to transplant. 

Follow-up 

The timing of a follow-up bone marrow aspirate differs based on the protocol used. In the Lo-Coco 

protocol, a bone marrow aspirate is recommended after completion of induction treatment to 

document hematologic remission. In the APML4 protocol, a bone marrow aspirate is recommended 

after the first cycle of consolidation to document hematological remission, as the response may be 

delayed. The median time to hematological CR in the APML4 protocol was 53 days. 

Molecular remission by PCR must be documented by the end of the final cycle of consolidation 

therapy, regardless of the protocol used.  



 
 

           9  
 

Guideline Resource Unit 
 

Last revision: March 2023 

Sequential monitoring for minimal residual disease (MRD) is only recommended in high risk patients 

to predict relapse and guide pre-emptive therapy (15, 48). In high risk patients, MRD testing is 

recommended every 3 months for 36 months post-consolidation therapy by the best possible PCR 

test available. MRD monitoring by peripheral blood specimen is recommended to minimize the risk of 

bone marrow procedures and increase adherence, however, MRD monitoring by peripheral blood 

does have decreased sensitivity with a delay in MRD positivity by a median of 29 days and a 

difference in 1.5 log reduction when compared to a bone marrow specimen (15). Post-consolidation 

molecular monitoring is not recommended in low-intermediate risk patients because of the very low 

risk of relapse using upfront ATRA + ATO therapy. 

Future directions 

Optimizing regimes with ATO are needed, including the logistics of administration and monitoring of 

ATO in an outpatient setting during consolidation. The role of maintenance in the ATO-therapy needs 

to be further elucidated. Lastly, more evidence is needed in the relapsed/refractory setting with the 

shift to upfront ATRA + ATO therapy.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

           10  
 

Guideline Resource Unit 
 

Last revision: March 2023 

References 

1. Douer D. The epidemiology of acute promyelocytic leukemia. Balliere’s Best Pract Clin Hematol 2003;16:357-367. 
2. Paulson K, Serebrin A, Lambert P, Bergeron J, Everett J, 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. Brit J Haematol 2014;166:660-666. 

3. Vickers M, Jackson G, Taylor P. The incidence of acute promyelocytic leukemia appears constant over most of a 
human lifespan, implying only one rate limiting mutation. Leukemia 2000;14:722-726. 

4. Rahme R, Thomas X, Recher C, et al. Early death in acute promyelocytic leukemia (APL) in French centers: a 
multicenter study in 399 patients. Leukemia 2014;28:2422-2424. 

5. De la Serna J, Montesinos P, Vellenga E, 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. 

6. Swerdlow SH, Campo E, Harris NL, Jaffe ES, Pileri SA et al. WHO Classification of Haematopoietic and 
Lymphoid Tissues. Lyon, France: IARC Press; 2008. 

7. Catalano A, Dawson MA, Somana K, Opat S, Schwarer A, et al. The PRKAR1A gene is fused to RARA in a new 
variant acute promyelocytic leukemia. Blood 2007;110:4073-4076.  

8. Yic CC, Jain N, Mehrotra M, Zhagn J, Protopopov A, et al. Identification of a novel fusion gene, IRF2BP2-RARA, 
in acute promyelocytic leukemia. J Natl Compr Canc Netw 2015;13:19-22.  

9. Lucena-Araujo A, Kim HT, Jacomo RH, Melo RA, Bittencourt R, et al. Internal tandem duplication of the FLT3 
gene confers poor overall survival in patients with acute promyelocytic leukemia treated with all-trans retinoic acid 
and anthracycline-based chemotherapy: an International Consortium on Acute Promyelocytic Leukemia study. 
Ann Hematol 2014:93:2001-2010. 

10. Beitinjaneh A, Jang S, Roukoz H and Majhail NS. Prognostic significance of FLT3 internal tandem duplication and 
tyrosine kinase domain mutations in acute promyelocytic leukemia: A systematic review. Leukemia Research 
34:2010:831-836. 

11. Breccia M and Lo Coco F. Thrombo-hemorrhagic deaths in acute promyelocytic leukemia. Thrombosis Research 
2014;133:S112-S116. 

12. Sanz MA, Lo Coco F, Martin G, Avvisati G, Rayon C, et al. Definition of relapse risk and role of nonanthracycline 
drugs for consolidation inpatients with acute promyelocytic leukemia: a joint study of the PETHEMA and GIMEMA 
cooperative groups. Blood 2000;96:1247-1253. 

13. Montesinos P, Bergua JM, Vellenga E, Rayon C, Parody R, 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. 

14. Yanada M, Matsushita T, Asou N, Kishimoto Y, Tsuzuki M, 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(3):213-219. 

15. Grimwade D, Jovanovic JV, Hills RK, Nugent EA, Patel Y, et al. Prospective minimal residual disease monitoring 
to predict relapse of acute promyelocytic leukemia and to direct pre-emptive arsenic trioxide therapy. J Clin Oncol 
2009 27:3650-3658. 

16. Iland H, Bradstock K, Seymour J, Hertzberg M, Grigg A, et al. Results of the APML3 trial incorporating all-trans-
retinoic acid and idarubicin in both induction and consolidation as initial therapy for patients with acute 
promyelocytic leukemia. Haematologica 2012;97:227-234. 

17. Iland HJ, Bradstock K, Supple SG, Catalano A, Collins M, et al. All-trans-retinoic acid, idarubicin, and IV arsenic 
trioxide as initial therapy in acute promyelocytic leukemia (APML4). Blood 2012;120:1570-1580. 

18. Sanz MA, Grimwade D, Tallman MS, Lowenberg B, Fenaux P, et al. Management of acute promyelocytic 
leukemia: recommendations from an expert panel on behalf of the European LeukemiaNet. Blood 2009;113:1875-
1891. 

19. Frankel SR, Eardley A, Lauwers G, Weiss M, and Warrell RP Jr. The “retinoic acid syndrome” in acute 
promyelocytic leukemia. Ann Intern Med 1992;117:292-296. 

20. Sanz MA and Montesinos P. How we prevent and treat differentiation syndrome in patients with acute 
promyelocytic leukemia. Blood 2014;123:2777-2782. 

21. Lo-Coco F, Avvisati G, Vigneti M, Thiede C, Orlando SM, et al. Retinoic acid and arsenic trioxide for acute 
promyelocytic leukemia. N Engl J Med 2013;369:111;121.  

22. Yip SF, Yeung YM and Tsui EYK. Severe neurotoxicity following arsenic therapy for acute promyelocytic 



 
 

           11  
 

Guideline Resource Unit 
 

Last revision: March 2023 

leukemia: potentiation by thiamine deficiency. Blood 2002;99:3481-3482. 
23. Tallman MS, Andersen JW, Schiffer CA, Appelbaum FR, Feusner JH, et al. All-trans-retinoic acid in acute 

promyelocytic leukemia. NEJM 1997;337:1021-1028. 
24. Fenaux P, Le Deley MC, Castaigne S, Archimbaud E, Chomienne C, et al. 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. 

25. Fenaux P, Chastang C, Chevret S, Sanz M, Dombret H, 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. Blood 1999:94:1192-1200. 

26. Avvisati G, Lo Coco F, Diverio D, Falda M, Ferrara F, et al. AIDA (all-trans retinoic acid + idarubicin) in newly 
diagnosed acute promyelocytic leukemia: a Gruppo Italiano Malattie Ematologiche Maligne dell'Adulto (GIMEMA) 
pilot study. Blood 1996;88:1390-1398. 

27. Lo-Coco F, Avvisati G, Vignetti M, Breccia M, Gallo E, 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. 

28. Burnett AK, Grimwade D, Solomon E, Wheatley K and Goldstone H. Presenting white clood 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. 

29. Muchtar E, Vidal L, Ram R, Gafter-Gvili A, Shpilberg O, et al. The role of maintenance therapy in acute 
promyelocytic leukemia in the first complete remission. Cochrane Database of Systematic Reviews 2013, Issue 3. 
Art. No.: CD009594. Doi: 10.1002/14651858.CD009594.pub2. 

30. Avvisati G, Petti MC, Lo-Coco F, Vegna ML, Amadori S, et al. Induction therapy with idarubicin alone significantly 
influences event-free survival duration in patients with newly diagnosed hypergranular acute promyelocytic 
leukemia: final results of the GIMEMA randomized study LAP 0389 with 7 years of minimal follow-up. Blood 
2002;100:3141-3146. 

31. Sanz MA, Montesinos P, Rayon C, Holowiecka A, De la Serna J, 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. 

32. Ades L, Sanz MA, Chevret S, Montesinos P, Chevallier P, et al. Treatment of newly diagnosed acute 
promyelocytic leukemia (APL): a comparison of French-Belgian-Swiss and PETHEMA results. Blood 
2008;111:1078-1084. 

33. Zhang XW, Yan XJ, Zhou ZR, Yang FF, Wu ZY, et al. Arsenic trioxide controls 
the fate of the PML-RARalpha oncoprotein by directly binding PML. Science 2010;328:240-3. 

34. Shao W, Fanelli M, Ferrara FF, Riccioni R, Rosenauer A, et al. Arsenic trioxide as an inducer of apoptosis and 
loss of PML/RAR alpha protein in acute promyelocytic leukemia cells. J Natl Cancer Inst 1998;90:124-33. 

35. Lallemand-Breitenbach V, Guillemin MC, Janin A, Daniet MT, Degos L, et al. Retinoic acid and arsenic synergize 
to eradicate leukemic cells in a mouse model of acute promyelocytic leukemia. J Exp Med 1999;189: 1043-52. 

36. Iland HJ, Collins M, Hertzberg MS, Seldon M, Grigg AP, et al. Final analysis of the Australasian Leukaemia and 
Lymphoma Group (ALLG) APML4 trial: All-trans retinoic acid (ATRA), intravenous arsenic trioxide (ATO) and 
idarubicin (IDA) as initial therapy for acute promyelocytic leukemia (APL). Blood 2014;124:375-375.  

37. Shen Z-X, Shi Z-Z, Fang J, et al. All-trans retinoic acid/As2O3 combination yields a high quality remission and 
survival in newly diagnosed acute promyelocytic leukemia. Proc Natl Acad Sci USA 2004;101:5328-5335. 

38. Hu J, Liu YF, Wu CF, Xu F, Shen ZX, et al. Long-term efficacy and safety of all-trans retinoic acid/arsenic trioxide-
based therapy in newly diagnosed acute promyelocytic leukemia. PNAS 2009;106:3342-3334. 

39. Powell BL, Moser B, Stock W, Gallagher RE, Willman CL, et al. Arsenic trioxide improves event-free and overall 
survival for adults with acute promyelocytic leukemia: North American Leukemia Intergroup Study C9710. Blood 
2010;116:3751-3757. 

40. Ravandi F, Estey E, Jones D, et al. Effective treatment of acute promyelocytic leukemia with all-trans-retinoic 
acid, arsenic trioxide, and gemtuzumab ozogamicin. J Clin Oncol 2009;27:504-10 

41. Dai C-W, Zhang G-S, Shen J-K, et al. Use of alltrans retinoic acid in combination with arsenic trioxide for 
remission induction in patients with newly diagnosed acute promyelocytic leukemia and for 
consolidation/maintenance in CR patients. Acta Haematol 2009;121:1-8. 

42. Lachaine J, Mathurin K, Barakat S, and Schuh AC. Economic evaluation of arsenic trioxide for treatment of newly 
diagnosed acute promyelocytic leukaemia in Canada. Hematol Oncol 2014; Epub Nov 25. 

43. Miura Y, Suyama K, and Takano T. Treatment of Acute Promyelocytic Leukemia. N Engl J Med 2013;369:1471-



 
 

           12  
 

Guideline Resource Unit 
 

Last revision: March 2023 

1472. 
44. Latagliata R, Breccia M, Fazi P, Vignetti M, Di Raimondo F, et al. GIMEMA AIDA 0493 amended protocol for 

elderly patients with acute promyelocytic leukaemia. Long-term results and prognostic factors. Br J Haematol 
2011;154:564-568. 

45. Lengfelder E, Lo-Coco F, Ades L, Montesinos P, Grimwade D, et al. Arsenic trioxide-based therapy of relapsed 
acute promyelocytic leukemia: registry results from the European LeukemiaNet. Leukemia 2015; Epub Feb 17. 

46. Yanada M, Tsuzuki M, Fujita H, Fujimaki K, Fujisawa, S, et al. Phase 2 study of arsenic trioxide followed by 
autologous hematopoietic cell transplantation for relapsed acute promyelocytic leukemia. Blood 2013;121:3095-
3102. 

47. Holter Chakrabarty JL, Rubinger M, Le-Rademacher J, Wang HL, Grig A, et al. Autologous is superior to 

allogeneic hematopoietic cell transplantation for acute promyelocytic leukemia in second complete remission. Biol 
Blood Marrow Transplant 2014;20:1021-1025. 

48. Esteve J, Escoda L, Martin G, Rubio V, Diaz-Mediavilla J, et al. Outcome of patients with acute promyelocytic 
leukemia failing to front-line treatment with all-trans retinoic acid and anthracycline-based chemotherapy 
(PETHEMA protocols LPA96 and LPA99): benefit of an early intervention. Leukemia 2007;21:446-452. 

49. Pagano L, Stamouli M, Tumbarello M, Verga L, Candoni A, Cattaneo C, et al: Risk of invasive fungal infection in 
patients affected by acute promyelocytic leukemia. A report by the SEIFEM-D registry. Br J Haematol 2015; 
DOI: 10.1111/bjh.13308. 

  



 
 

           13  
 

Guideline Resource Unit 
 

Last revision: March 2023 

Appendix A: Chemotherapy Regimens  

Lo-Coco Protocol: ATRA+ATO 

 Induction: 

ATO (Arsenic trioxide) (IV over 2 hours) 0.15 mg/kg/day:  

Starting on day 1, continued until hematological CR or maximum 60 days, see above guidelines for 

supportive measures 

ATRA (All-trans retinoic acid) (orally) 45 mg/m2/day: 

Starting on day 1, administered in two equally divided doses and rounded to the nearest 10mg 

increment, continued until hematological CR or maximum 60 days 

Prednisone 0.5 mg/kg per day: 

Starting on day 1 until the end of induction therapy 

Consolidation: 

ATO (IV over 2 hours) 0.15 mg/kg daily for 5 days every week 

Treatment should be continued for 4 weeks on and 4 weeks off, for a total of 4 cycles (last cycle 

administered on weeks 25-28) 

ATRA (orally) 45 mg/m2/day 

Administered in two equally divided doses and rounded to the nearest 10 mg increment. Treatment 

should be administered for 2 weeks on and 2 weeks off for a total of 7 cycles (last cycle administered 

on weeks 25-26) 
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APML4 Protocol: ATRA+ATO+Chemotherapy  

Induction: 

ATRA (orally) 45 mg/m2/day: 

Administered in two equally divided doses and rounded to the nearest 10 mg increment, on days 1-36 

ATO (IV) 0.15 mg/m2/day: 

Administered on days 9-36, see above guidelines for supportive measures 

Idarubicin (IDA) (IV) 12 or 9 or 6 mg/m2/day based on age (18-60 years or 61-70 years or >70 years, 

respectively): 

Administered on days 2, 4, 6, and 8 

Prednisone 1 mg/kg/day: 

Administered on days 1-10 or until WBC count falls below 1 x 109/L or until resolution of differentiation 

syndrome (whichever occurs last) 

When ATRA or ATO was omitted for 3 or more days, the treatment duration should be extended 

beyond day 36 to compensate for omitted doses 

Consolidation: 

Should begin 3-4 weeks after the end of induction. 

First Consolidation cycle: 

ATRA (orally) 45 mg/m2/day: Days 1-28 

ATO (IV over 2 hours) 0.15 mg/kg/day: Days 1-28 

Second Consolidation cycle: 

ATRA (orally) 45 mg/m2/day: Days 1-7, 15-21, and 29-35 

ATO (IV over 2 hours) 0.15 mg/kg/day: Days 1-5, 8-12, 15-19, 22-26, and 29-33 

Maintenance: Eight 3-monthly cycles of: 

ATRA (orally) 45 mg/m2/day: Days 1-14 

6-Mercaptopurine (6-MP) (orally) 50-90 mg/m2/day: Days 15-90 

Methotrexate (MTX) (orally) 5-15 mg/m2/weekly: Days 15-90 
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