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Abstract

Outcomes in patients with secondary acute myeloid leukemia (sAML) (including therapy related 

myeloid neoplasms and AML with myelodysplasia related changes (MRC)) are poor. Patients 

treated with hypomethylating agents (HMAs) for antecedent hematological malignancy (AHM) 

have suboptimal responses to induction chemotherapy upon transformation to AML. We 

investigated outcomes after various induction strategies in patients with sAML who had prior 

HMA exposure. We identified 242 patients with sAML who had prior HMA treatment for AHM 

and later received induction chemotherapy upon AML transformation and divided into 3 cohorts 

based on induction regimen: (A) CLAG/M (B) 7 + 3 and (C) CPX-351. The CR/CRi rate was 53% 

in cohort A, 32% in cohort B and 41.2% in cohort C (p = 0.005 between cohort A and B) (p = 

0.329 between cohorts A and C) (p = 0.402 between cohorts B and C). The early death rates were 

not significantly different among the three cohorts (p = 0.200). In patients who received ≤4 cycles 

of HMAs prior to AML transformation, response rates to CPX-351 were higher (64.3%) with a 

trend toward better overall survival (OS) (19.9 vs. 5.5 months) compared to > 4 cycles (p = 0.092). 

There was no significant difference in median OS among the 3 groups: cohort A (7.27 months), 

cohort B (7.63 months) and cohort C (7.07 months) (p = 0.887). We demonstrate that CLAG/M 

and CPX-351 yield higher CR/CRi rates compared to 7 + 3 in patients with sAML after HMA 

failure. Median OS remains poor and did not differ among the 3 groups, illustrating the unmet 

need for more efficacious therapy for sAML patients following HMA failure.
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1. Introduction

Acute myeloid leukemia with myelodysplasia related changes (AML-MRC) represents a 

disease category with overall poor outcomes. Traditionally, AML-MRC includes patients 

harboring multilineage dysplasia (defined as detection of 50% or more dysplastic cells in at 

least 2 cell lines), history of prior myelodysplastic syndrome (MDS), or presence of MDS-

related cytogenetic abnormalities. Definition of AML-MRC was recently updated in 2016 

and excludes conventional favorable risk mutations of nucleophosmin 1 (NPM1) or biallelic 

CEBPA [1]. Sixty to seventy percent of patients with AML-MRC have had an antecedent 

myeloid malignancy, most commonly MDS [2,3]. AML-MRC arising from MDS typically 

occurs in older patients and has a poor prognosis with lower rates of complete remission 

(CR) and inferior survival compared to other subtypes of AML [4].

For patients with high-grade MDS, hypomethylating agents (HMAs), decitabine and 

azacitidine, are frequently used because of their proven benefit of delaying progression to 

AML and improving overall survival [5–7]. Treatment options are limited and responses are 

suboptimal in those patients who progress to AML after HMA therapy [8,9]. Since its 

approval in August 2017, CPX-351 represents a new standard of care for patients with newly 

diagnosed AML-MRC or therapy related AML (t-AML) who are fit for intensive 

chemotherapy. The approval was based on a randomized phase 3 clinical trial which 

compared the standard induction strategy of “7 + 3” with the liposomal formulation of 

cytarabine and daunorubicin (CPX-351) in secondary AML (sAML) (including AML-MRC 

and t-AML) that yielded superior survival and remission rates with CPX-351 [10]. Prior to 

CPX-351, retrospective data demonstrated that induction with cladribine, cytarabine, 

filgrastim, and mitoxantrone (CLAG-M) yields significantly higher response rates (64%) 

than 7 + 3 (cytarabine and anthracycline) (29%) in sAML patients who had prior HMA 

exposure [11]. A separate retrospective study assessed responses and survival among AML 

patients after HMA failure did not show any difference among high-dose cytarabine 

containing induction regimens when compared to 7 + 3 or purine analog containing 

regimens [12].

Data specifically addressing the question of which induction regimen is most effective after 

HMA failure for antecedent hematologic malignancy (AHM) remain limited. Moreover, 

comparison of the new standard of care, CPX-351, to traditional chemotherapy regimens (7 

+ 3 and high dose cytarabine containing regimens) in this subpopulation has not been 

performed. Therefore, this analysis aimed to investigate outcomes after treatment with 

CPX-351, high-dose cytarabine and cladribine regimens, and 7 + 3 in patients with sAML 

after failing HMA therapy for an antecedent myeloid malignancy.
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2. Methods

2.1. Patient selection

Patients included in this study received at least 1 cycle of azacitidine or decitabine for an 

antecedent myeloid malignancy, including a histologically proven diagnosis of MDS 

(International Prognostic Scoring System [IPSS] intermediate-1 or higher) or chronic 

myelomonocytic leukemia (CMML) as defined by World Health Organization 2008 

classification [13,14]. Upon transformation to AML, all patients received at least induction 

regimen as discussed in the “remission induction strategies” section. Patients were ≥18 years 

of age. At the time of transformation to AML, clinical variables were collected including 

age, bone marrow blast percentage, complete blood count with differential, karyotype, 

induction chemotherapy regimen, response to induction, vital status, date of death or last 

contact, and allogeneic hematopoietic stem cell transplant (allo-HSCT) status. This study 

was approved by the institutional review board at Moffitt Cancer Center/University of South 

Florida. Patient data were obtained and combined to create a uniform cohort from the 

following institutions: Moffitt Cancer Center, Roswell Park Comprehensive Cancer Center, 

and Memorial Sloan Kettering Cancer Center.

2.2. Remission induction strategies

After confirmation of sAML, patients received one of many induction chemotherapy 

regimens. We classified the regimens into 3 cohorts, based on the initial induction regimen a 

patient received: Cohort A) CLAG/M including cladribine (5 mg/m2/day on days 2–6), 

cytarabine (2000 mg/m2/day per day for days 2–6), granulocyte colony stimulating factor 

(G-CSF) on days 1–6 if WBC < 10,000 at the time of treatment initiation, and in some cases 

mitoxantrone (10 mg/m2/day on days 2–4); Cohort B) 7 + 3 including combinations of 

cytarabine (100–200 mg/m2) and anthracycline (daunorubicin 60 mg/m2 or idarubicin 12 

mg/m2); Cohort C) CPX-351 (100 units/m2 (daunorubicin 44 mg/m2 and cytarabine 100 

mg/m2) on day 1,3,5).

2.3. Outcome and response assessments

Reponses to remission induction therapy was assessed according to the International 

Working Group (IWG) response criteria for AML [15]. The primary study objective was to 

compare the overall response rates (complete response (CR)+complete response with 

incomplete blood count recovery (CRi)) for the three different cohorts. CR and CRi were 

assessed by bone marrow biopsy and aspirate and peripheral blood counts at the time of the 

bone marrow biopsy. Secondary objectives included assessment of median overall survival 

(mOS), 30-day mortality rate and rate of reinduction. mOS was calculated from the time of 

induction chemotherapy to death or last follow-up. Reinduction was defined as patients 

requiring a second cycle of intensive chemotherapy due to residual AML noted in the bone 

marrow evaluation after the initial induction. Additional secondary outcomes included 30-

day all-cause mortality from the time of treatment initiation and the number of responding 

patients who proceeded to allo-HSCT.
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2.4. Statistical analysis

Baseline characteristics included both continuous and categorical variables. Continuous 

variables were summarized utilizing means, medians, and standard deviations. Categorical 

variables were summarized with numbers and percentages. Two-sided chi-square analyses 

and t-tests were conducted at the 5% level of significance to compare baseline 

characteristics. The Kaplan-Meier method was used to estimate mOS, and the log-rank test 

was used to compare the two groups. All data were analyzed using SPSS version 20.0 (IBM 

Corp., Armonk, N.Y., USA) statistical software. All p-values reported are two-sided.

3. Results

A total of 241 patients were included in this study. All patients were treated between 2012 

and 2018 at three academic cancer centers. Cohort A (CLAG/M) included 114 patients, 

cohort B (7 + 3) included 93 patients, and cohort C (CPX-351) included 34 patients. Of the 

cohort C patients, 21 were treated at Moffitt Cancer Center, 11 were treated at Memorial 

Sloan Kettering and 2 were treated at Roswell Park Comprehensive Cancer Center. Baseline 

characteristics are outlined in Table 1. No statistically significant differences were identified 

among the three cohorts with the exception of a higher baseline white blood cell count 

(WBC) in cohort C, and a higher baseline platelet count in the CLAG/M cohort. Table 2 

summarizes the best response achieved with hypomethylating agent therapy prior to 

transformation to AML in all cohorts. No significant difference in the responses to HMA 

therapy was noted between cohorts.

3.1. Overall responses with each induction strategy

The overall response rates (CR/CRi) were assessed in all three cohorts. The CR/CRi rates 

were 53% in cohort A (n = 60), 32% in cohort B (n = 30), and 41.2% in cohort C (n = 14). 

The difference in CR/CRi rates lacked statistical significance when comparing CPX-351 

treated patients to CLAG/M or 7 + 3 (p = 0.402 when comparing cohorts A and C; p = 0.329 

when comparing cohorts B and C), however there was a significant increase in the rate of 

CR/CRi when comparing CLAG/M to 7 + 3 (p = 0.005) (Table 3). Five patients (13%) 

required a second induction (reinduction) in cohort A because of an inadequate response to 

the initial induction. This compared favorably to cohorts B and C, in which 63% (n = 35) 

and 36.8% (n = 7), respectively, required reinduction (p < 0.001). Sixty percent (n = 3) of 

patients in cohort A attained a subsequent response after reinduction compared to 31% (n = 

11) in cohort B and 28.6% in cohort C, however the difference did not reach statistical 

significance (p = 0.43).

The rate of allo-HSCT between the three cohorts was assessed as well. Overall, 40% of the 

responding patients were bridged to allo-HSCT in the CLAG/M cohort compared to 50% in 

the CPX-351 arm and 36.7% in 7 + 3 arm (p = 0.19).

The median follow-up for each cohort was 52 months in cohort A, 53 months in cohort B 

and 49 months in cohort C. The mOS was not significantly different among the three groups, 

at 7.63 months with 7 + 3, 7.27 months with CLAG/M, and 7.07 months with CPX-351 (p = 

0.89) (Fig. 1). The mOS was significantly higher in the responders compared to 
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nonresponders with 6-month (p < 0.0001) and 12-month (p = 0.0011) landmark analysis 

(Fig. 2A). In the landmark analysis, the mOS for responders alive at 6 months was 20.7 

months with 7 + 3, 12.9 months with CLAG/M, and 22.0 months with CPX-351 (p = 0.77). 

In the patients who proceeded to allo-HSCT, mOS was 26.9 months in cohort A, 25.03 

months in cohort B, and not reached in cohort C, however there was no statistical difference 

(p = 0.62).

3.2. Impact of prior hypomethylating agent therapy

The impact on overall survival of duration of hypomethylating agent prior to AML 

progression was assessed (Table 4). The total cohort of 241 patients was dichotomized into 

patients who received ≤4 cycles of HMA (HMA ≤ 4) and those receiving > 4 cycles of HMA 

(HMA > 4). Among HMA ≤ 4 subgroup, 46 patients received 7 + 3, 46 patients received 

CLAG/M, and 14 patients received CPX-351. In this group of patients, the CR/CRi rate was 

39.1% with 7 + 3, 56.5% with CLAG/M and 64.3% with CPX-351, which lacked statistical 

significance (p = 0.35). On the contrary, in the HMA > 4 cohort, the CR/CRi rate was 25.5% 

with 7 + 3, 25% with CPX-351 and significantly higher at 50.0% with CLAG/M treatment 

(p = 0.0068). Rates of CR/CRi were not significantly different based on duration of HMA 

therapy when patients were treated with CLAG/M or 7 + 3. However, there was a significant 

difference in response rates in the CPX-351 treated patients based on the number of cycles 

of HMAs received (64.3% with HMA ≤ 4 vs. 25% with HMA > 4, p = 0.023). A trend was 

seen toward higher mOS in the CPX-351 cohort with ≤4 cycles of prior HMAs compared to 

those with > 4 cycles (19.9 months vs. 5.47 months, p = 0.092).

4. Discussion

Since the approval of CPX-351, the standard of care for patients with secondary AML has 

shifted to utilizing CPX-351 as first-line therapy. However, for patients with prior HMA 

therapy, the median overall survival ranges from three to six months [16–18]. The phase 3 

trial of CPX-351 versus 7 + 3 included a subset of patients treated with prior HMA therapy 

and showed no difference in outcomes when treated with CPX-351 (n = 62) compared to 7 + 

3 (n = 71), with a mOS of 5.65 months vs. 5.90 months, respectively (HR 0.86, 95% CI 

0.59–1.26). Remission rates were comparable between the two arms with 37.1% achieving 

CR/CRi after treatment with CPX-351 and 28.2% with 7 + 3 (OR 1.50, 95% CI 0.73–3.12). 

Several studies have suggested that high-dose cytarabine based regimens could perhaps 

achieve higher response rates in this patient population [11,12]. Jaglal et al. previously 

published that the CLAG/M regimen results in higher CR/CRi rates of 64% compared to 

29% with 7 + 3 with the mOS favoring CLAG/M as well (202 days vs. 86 days, p = 0.025). 

However, CPX-351 has not previously been compared to CLAG/M.

In this retrospective study, CLAG/M induction for sAML that failed therapy with an HMA 

resulted with a higher CR/CRi rate and improved overall survival when compared with 

standard 7 + 3 therapy as previously demonstrated by Jaglal et al. [11]. Importantly, 

response rates were similar between CPX-351 and CLAG/M induction regimens thus 

CPX-351 represents a viable treatment option in this subgroup of patients. The remission 

rates between 7 + 3 and CPX-351 were not statistically different (32% vs. 41.2%, p = 0.53). 
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On the contrary, the need for a second induction was highest, at 63% among patients 

receiving 7 + 3, whereas only 13% with CLAG/M and 36.8% with CPX-351 required two 

inductions (p < 0.001). Upon second induction, a trend toward higher response rates was 

noted in the CLAG cohort (60%) compared to 31% with 7 + 3 and 28.6% in the CPX-351 

cohort, however this was not statistically significant (p = 0.276). In general, all three 

induction modalities were well tolerated with similar 30-day treatment related mortality 

ranging from 2.9%–12% (p = 0.2).

Despite the significant differences in CR/CRi rates in this study, the mOS was not different 

between the three cohorts, further supporting the need for optimization of treatments for this 

specific subgroup of patients. The median OS was 7.07 months with CPX-351, 7.27 months 

with CLAG/M and 7.63 months with 7 + 3 (p = 0.89) suggesting overall dismal outcomes 

despite novel therapies. Survival was significantly longer for patients who achieved CR/CRi 

compared to nonresponders (p < 0.0001). When landmark analysis was performed at 6-

months and 12-months, survival was superior among responders compared to 

nonresponders.

The percentage of responding patients who proceeded to allo-HSCT was similar between the 

three cohorts, with 50% in the CPX-351 treated group, 40% after CLAG/M, and 36.7% in 

the 7 + 3 cohort (p = 0.19). The mOS was greater in patients who proceeded to allo-HSCT 

compared with those who did not undergo a transplant. Looking specifically at the patients 

who underwent an allogeneic transplant, the mOS was not reached in the CPX-351 cohort, 

compared to 25.03 months with 7 + 3, and 26.9 months with CLAG/M, however this did not 

reach statistical significance (p = 0.62). Despite observing relatively greater proportion of 

patients achieving a response when treated with CLAG/M (although no significantly 

different than CPX-351), rate of patients proceeding with allo-HSCT was similar. This could 

potentially be attributed to patient preference and overall performance status of the patient 

hampering candidacy for allo-HSCT however such information was not captured and 

represents one of the limitations of this retrospective study.

The overall mechanism of resistance to HMA in high-grade MDS is unclear. Moreover, the 

reason that this particular subset of patients classically shows significant resistance to AML 

directed chemotherapy also needs further elucidation. One hypothesis is that 

hypomethylating agents have a similar metabolic pathway to cytarabine which could 

potentially explain resistance to conventional cytarabine containing regimens [19]. In 

addition to functioning as epigenetic modifying agents, HMAs also have some cytotoxic 

activity, and prior HMA exposure might select for clones resistant to cell-cycle directed 

chemotherapies. This study analyzed responses to induction regimens after failure of > or ≤4 

cycles of HMA therapy and noted a trend toward higher responses to CPX-351 when ≤4 

cycles of HMA were administered. When patients received > 4 cycles of HMA therapy, 

response to CPX-351 and 7 + 3 was significantly less (25% and 25.5%, respectively) than 

CLAG/M therapy (p = 0.007). Higher response rates with CLAG/M in this cohort however 

failed to translate into greater survival, and thus the significance of achieving CR/CRi after a 

certain number of HMA cycles prior to induction is unclear.
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Although the results of this study may provide guidance for treatment decisions, they do 

have limitations. As with any retrospective study, one significant limitation includes the lack 

of randomization for the initial treatment selection. Given relatively recent approval of 

CPX-351 compared to prior use of 7 + 3 and CLAG/M, number of patients included in the 

CPX-351 arm is relatively small compared to the other two arms and does pose limitations 

when drawing conclusions. Furthermore, molecular data is lacking for the CLAG/M and 7 + 

3 cohorts, and it is now clear that the molecular landscape may have impacted outcomes to 

chosen therapy.

In conclusion, CPX-351 serves as a viable treatment option for this difficult to treat group of 

patients and provides similar outcomes to CLAG/M. Results of this study suggest that 

CLAG/M or CPX-351 may provide superior outcomes to 7 + 3 in patients with sAML after 

HMA failure. Our data also demonstrate that prior HMA exposure ≥4 cycles is associated 

with a lower likelihood of response to CPX-351, potentially suggesting CLAG/M as a 

preferred option in this subgroup, although mOS is not thereby improved. The role of allo-

HSCT for sAML patients with prior HMA exposure is again reaffirmed by these 

observations. The results of this study need to be confirmed in a randomized, prospective 

fashion. In spite of many new advances in the treatment of AML, identifying effective 

therapies for this challenging subset of AML patients remains difficult. Clinical trials using 

new agents which can produce deep remissions and allow more patients the opportunity to 

proceed to a potentially curative allogeneic stem cell transplant remain a significant focus in 

AML research.
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Fig. 1. 
Median overall survival based on induction regimen.
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Fig. 2. 
Landmark survival analysis (6-month) of patients based on induction regimen.
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Table 1

Baseline characteristics for the entire cohort.

Clinical parameter CLAG/M 7 + 3 CPX-351 p-value

n = 114 n = 93 n = 34

Age 65 (33–82) 66 (26–81) 69 (36–82) Ns

Gender

 Male 78 (68.4%) 59 (63.4%) 18 (52.9%) 0.4937

 Female 36 (31.6%) 34 (36.56 %) 16 (47.1%)

Karyotype

 Favorable 0 0 0 0.1944

 Intermediate 62/107 (57.9%) 51/78 (65.4%) 22/31 (71.0%)

 Poor 45/107 (42.1%) 27/78 (34.6%) 9/31 (29.0%)

 WBC (mean) 4.401 (0.47–34.50) 4.16 (0.88–18.0) 8.52 (0.40–50.35) 0.0013

 Hb 9.36 (2.30–14.30) 9.66 (4.0–14.7) 8.9 (6.0–13.0) 0.3869

 ANC 2.04 (0.00–28.8) 1.75 (0.07–6.5) 3.3 (0–25.2) 0.0902

 Platelets 126 (8–1233) 102 (2–834) 78 (2–350) 0.0497

 BM blasts (%) 33.3% (20–96%) 36.9% (20–93%) 34.7 (9–76) 0.1797

HMA

 Azacitidine 110 (88.7%) 79 (84.9 %) 28 (82.4%) 0.5991

 Decitabine 14 (11.3%) 14 (15.1 %) 6 (17.6%)

 Median number of HMA cycles 6 (1–47) 4 (1–72) 5 (1–36) Ns
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