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Acute Promyelocytic Leukemia (APL) is characterized by the t(15;17) chromosomal translocation resulting in a PML-RARA fusion protein. The all-trans-retinoic acid (ATRA) and Arsenic Trioxide (ATO) only regimens have demonstrated success in treating low- and intermediate-risk patients. However, induction with ATRA/ATO only regimens have been showing increased incidence of differentiation syndrome (DS), a potentially lethal complication, traditionally treated with dexamethasone. We conducted a three-institution retrospective study, aiming to evaluate the role of short-term adjuvant chemotherapy in managing moderate DS for patients with low- or intermediate-risk APL initially treated with ATRA/ATO only protocols. We evaluated the difference in incidence and duration of moderate DS in APL patients who were treated with ATRA/ATO with or without adjuvant chemotherapy. 57 low- or intermediate-risk APL patients were retrospectively identified and included for this study; 36 patients received ATRA/ATO only induction treatment, and 21 patients received ATRA/ATO/adjuvant chemotherapy combination induction therapy. Similar proportions of patients experienced DS in both groups (66.7% vs. 81.0%, P = 0.246). The median duration of DS resolution in patients receiving ATRA/ATO only was 17 days (n = 23), and in patients receiving combination therapy was 8 days (n = 16) (P = 0.0001). The lengths of hospital stay in patients receiving ATRO/ATO only was 38 days (n = 7), and in patients receiving combination therapy was 14 days (n = 17) (P = 0.0007). In conclusion, adding adjuvant chemotherapy to ATRA/ATO only protocol may reduce the duration of DS and the length of hospital stay during APL induction treatment.
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Introduction

Acute Promyelocytic Leukemia (APL) is characterized by the t(15;17) chromosomal translocation resulting in a PML-RARA fusion protein. APL is stratified into low-, intermediate-, and high-risk subgroups based on pre-treatment white blood cell (WBC) and platelet counts. Traditional APL-directed therapy typically consists of anthracycline/cytarabine-based chemotherapy regimens. However, high relapse rates, considerable treatment-related toxicity, and therapy-induced neoplasms remained a concern for this approach (1). Since the discovery of the unique effects of all-trans-retinoic acid (ATRA) and Arsenic Trioxide (ATO) on APL cell differentiations, these agents have been incorporated into APL treatment protocols and lead to significant improvements in treatment outcome. Two large phase III clinical trials, AML17 and APL0406, evaluated the role of ATRA/ATO only therapy compared to combination with traditional chemotherapy regimens and demonstrated that ATRA/ATO only regimens improve event free survival with acceptable toxicities, particularly in low and intermediate risk patients (1, 2).

However, induction with ATRA/ATO only regimens have been showing increased incidence of differentiation syndrome (DS), a potentially lethal complication (3, 4). In many clinical scenarios, the supportive measures were not able to sufficiently control DS (4, 5). For these patients, a short-term adjuvant cytotoxic chemotherapy may be required to mitigate DS symptoms. However, the role, timing, and impact of short-term adjuvant chemotherapy for DS management were not investigated in the AML17 and APL0406 trials. Moderate DS is defined as having two or three of the following signs and symptoms: dyspnea, unexplained fever, weight gain greater than 5kg, unexplained hypotension, acute renal failure, and a chest radiograph demonstrating pulmonary infiltrates of pleuropericardial effusion (3).

We conducted a three-institution retrospective real-world practice data study aimed to evaluate the role of short-term adjuvant chemotherapy in managing moderate DS for patients with low- or intermediate-risk APL initially treated with ATRA/ATO only protocols.



Methods

This study was IRB-approved and retrospectively recruited patients diagnosed with low- or intermediate-risk APL and treated with ATRO/ATO protocol between July 1, 2016 and January 21, 2022. The patients were retrospectively grouped into 2 cohorts (A, B): cohort A received ATRA/ATO only therapy, and cohort B received a short-term anthracycline/or cytarabine–based chemotherapy in addition to ATRA/ATO therapy for the purpose of treatment of moderate DS. To objectively evaluate the onset and resolution of DS, Frankel et al’s definition of moderate DS was utilized (3). Data collection and statistical analysis were conducted using RedCap and Microsoft Excel. A one-tailed z-score test for two patient groups was performed to determine the difference in incidence of DS among patients who receded or didn’t receive the adjuvant chemotherapy treatments, the difference in proportion of patients dying from DS, and the difference in APL response rates. A Kruskal-Wallis test was performed to determine the days to DS from ATRA/ATO induction and the difference in DS durations between the patients in cohort A and cohort B. A Pearson Correlation test was performed to determine significance of a linear correlation between initial WBC and duration of DS for adjuvant chemotherapy and ATRA/ATO groups independently.



Results and discussion

57 low- or intermediate-risk APL patients were retrospectively identified and included for this study, 36 patients in cohort A and 21 patients in cohort B (Table 1). The APL diagnosis was confirmed by employing FISH analysis to detect t(15;17) translocation of PML-RARA fusion gene. There were 29 male and 28 female patients included in the study. The median WBC count at diagnosis was 1.8 x 109/liter [range 0.3 x 10 (9) to 7.1 x 10 (9)]. At the time of diagnosis, 47 and 10 patients were in the low- and intermediate-risk APL group respectively. DS developed in 41 (71.9%) patients. In total, 24 of 36 (66.7%) patients in cohort A and 17 of 21 (81.0%) patients in cohort B developed DS (P = 0.246). The median time to DS from initiation of ATRA/ATO induction therapy in cohort A was 5 days (range, 0 to 26, n = 24), and the median time to DS from initiation of ATRA/ATO induction therapy in cohort B was 3 days (range, 2 to 15, n = 17) (P = 0.037). For the 17 patients in cohort B that developed DS, 4 were administered adjuvant chemotherapy 1 day before showing laboratory evidence of DS, 8 were after the onset of DS, and 5 were on the same day as DS onset. Twenty-three of 24 patients who experienced DS in cohort A eventually had their DS resolved. The 1 patient without DS resolution in cohort A died 11 days after DS began. Similarly, 16 of the 17 patients who experienced DS in cohort B had their DS resolved; 7 of these patients were treated with idarubicin, 8 of these patients were treated with daunorubicin, and 1 of these patients were treated with cytarabine. The 1 patient without DS resolution in cohort B died 8 days after DS began. The median duration of DS resolution in cohort A was 17 days (n = 23), and in cohort B was 8 days (n = 16) (P = 0.0001) (Figure 1). All patients that developed DS were treated with dexamethasone regimens throughout the duration of DS as well as stopping the offending induction agents. The median hospitalization duration was 38 days in cohort A patients (n = 7), and 14 days in cohort B patients (n = 17) (P = 0.0007). The proportion of patients who survived from DS was 23 of 24 (95.8%) in cohort A, and 16 of 17 (94.1%) in cohort B (P = 0.803). 35 of the 36 patients in cohort A had their APL treatment response data available in chart review, and all 18 of the patients in cohort B had their APL treatment response data available in chart review. The proportion of patients who had APL complete response in cohort A was 32 of 35 (91.4%) and in cohort B was 18 of 21 (85.7%) (P = 0.503). Twenty-nine of the 32 patients who had an APL complete response in cohort A had a duration to APL complete response available in chart review, and all 18 of the 18 patients with complete response in cohort B had a duration to APL complete response available. The median days to APL complete response in cohort A was 40 days (n = 29), and cohort B was 33.5 days (n = 18) (P = 0.0941).


Table 1 | Patient characteristics and outcomes.






Figure 1 | The use of adjuvant chemotherapy to patients on ATRA/ATO only protocols may reduce the duration of DS. ‘A’ refers to patients receiving ATRA/ATO only therapy. ‘B’ refers to patients receiving both ATRA/ATO therapy and adjuvant chemotherapy. This data demonstrates a shorter duration of DS with adding adjuvant chemotherapy.



Since the implementation of ATRA and ATO for APL target therapy in the 1990s, APL treatment outcomes have significantly improved. Two phase III clinical trials, AML17 and APL0406, have demonstrated that ATRA and ATO without chemotherapy is efficacious, particularly in non-high-risk populations. The AML17 trial compared ATRA with ATO or ATRA with idarubicin and mitoxantrone. ATRA/ATO treatment resulted in a lower relapse rates and higher event free survival compared to the standard chemotherapy regimen, though no differences in overall survival or quality of life were noted (1). The APL0406 trial compared ATRA and ATO therapy with ATRA and chemotherapy in low- or intermediate-risk APL patients. The authors concluded that ATRA/ATO therapy is non-inferior to ATRA/chemotherapy regimens, with improved event free survival, disease free survival, overall survival, and acceptable toxicities (2).

Frequently reported acute toxicities of ATRA and ATO therapies include QTc prolongation, elevated liver enzymes, hyperleukocytosis, and DS (4). Hyperleukocytosis occurs during induction therapy with differentiating agents in up to 70% of non-high-risk patients (4). The reported incidence of DS varied due to diagnostic criteria discrepancies and differing induction regimens, and has ranged from 2% to 48% (5, 6). A retrospective study of 259 APL patients treated with ATRA and chemotherapy reported that 13.5% of patients experienced early death and 17.8% experienced DS, and progressive hyperleukocytosis during induction predicted both early death and DS (5).

Hyperleukocytosis and DS rates are higher in ATRA/ATO regimens compared to ATRA + chemotherapy regimens, likely because they do not result in significant cytotoxic cytoreduction (6). In addition to supportive measures, management of DS includes dose reduction or discontinuation, corticosteroids, anthracyclines, or hydroxyurea for leukoreduction (4–6). Ciftciler et al. describes how early death in APL can be attributed to a number of factors in addition to DS. They proposed that early death is most attributed to severe hemorrhage, which is due to coagulopathy disorders from low fibrinogen and initially high WBC counts (7). Our study showed that there was not a significant correlation between initial WBC and duration of DS for the adjuvant chemotherapy (P = 0.589) or the ATRA/ATO only group (P = 0.582) (Figure 2). Additionally, our study showed that there was not a significant correlation between initial WBC and duration of hospitalization for the adjuvant chemotherapy (P = 0.304) or the ATRA/ATO only group (P = 0.930) (Figure 3). In our study, the median days to complete remission (CR) was similar in those 2 cohorts (P = 0.0941), indicating non-inferiority of adding short-term adjuvant chemotherapy in time to complete response.




Figure 2 | Describes the duration of DS when compared to initial WBC counts at the initiation of ATRA/ATO therapy for the adjuvant chemotherapy group and ATRA/ATO only group independently.






Figure 3 | Describes the duration of hospitalization when compared to initial WBC counts at the initiation of ATRA/ATO therapy for the adjuvant chemotherapy group and ATRA/ATO only group independently.



In real world practice, adjuvant chemotherapy has been frequently used for DS management. In this study, both cohorts A and B contained a similar proportion of patients suffering from DS (P = 0.246), indicating their comparable biological responses to ATRA/ATO therapies. However, this study showed a significant trend towards a shorter DS duration when adding adjuvant chemotherapy to ATRA/ATO therapy (P = 0.0001), especially when used earlier in the onset of DS (Figure 4). We propose that early management of DS with adjuvant chemotherapy may result in earlier resolution and potentially improved patient outcomes and decreased healthcare-associated costs. Our study counted a similar 91.4% CR for cohort A and 85.7% for cohort B (P = 0.503).




Figure 4 | Describes the duration of DS when compared to the start date of adjuvant chemotherapy relative to the onset date of DS (n=16, R2 = 0.288). This data demonstrates a trend of earlier starting adjuvant chemotherapy and shorter DS duration.



There is a concern that chemotherapy would increase the risk of secondary neoplasms. In APL0406 and AML17 studies, only 2 and 1 therapy-related neoplasms were observed in the ATRA/chemotherapy arm, respectively (1, 2). Our study demonstrated that short-term use of adjuvant chemotherapy for DS management might bring more benefit than secondary cancer risk.

In conclusion, the use of short-term adjuvant chemotherapy to patients on ATRA/ATO only protocol may reduce the duration of DS. Short-term adjuvant chemotherapy intervention is currently underutilized and there is no guideline on how and when to use this treatment strategy in preventing or treating DS. Large-scale randomized prospective studies are warranted to further validate the conclusion from this retrospective study and to analyze the effects of ATRA/ATO and short-term adjuvant chemotherapy in high-risk APL patients.
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