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The United States Food and Drug Administration has approved several oral, targeted therapies for the treatment of Acute Myeloid Leukemia (AML) in recent years. These agents are approved in patients with relapsed/refractory disease or as frontline therapy in patients who are ineligible for intensive chemotherapy based on age, performance status, or comorbidities. They are also being increasingly utilized frontline in patients of all ages and fitness levels through clinical trials and off label prescribing, but comparative treatment outcomes associated with intensive versus targeted therapy have not been extensively studied. We conducted a single center, retrospective analysis to address the impact of treatment intensity on survival in patients with AML aged 60-75 at diagnosis. This study included 127 patients, 73 of whom received high intensity chemotherapy at any point during treatment (any HiC) and 54 of whom received only low intensity targeted therapy (LITT only). Overall survival (OS) from treatment initiation did not differ significantly between the any HiC and LITT only groups (hazard ratio (HR) for death, 0.67; 95% CI, 0.41 to 1.09; P=0.11). The only three variables that were independently associated with superior OS were lower European Leukemia Net (ELN) risk classification, TP53 unmutated status, and receipt of transplant. Our data suggest that baseline genomic features and receipt of transplant are more important than treatment intensity in predicting survival in this patient population. They also highlight the vital role of transplant in older patients with AML regardless of treatment intensity utilized for remission induction. Larger studies are needed to further address this question, including prospective randomized trials.
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Introduction

The United States Food and Drug Administration (FDA) has approved several oral, targeted therapies for the treatment of Acute Myeloid Leukemia (AML) in recent years. These agents are approved as frontline therapy for patients ineligible for intensive chemotherapy or as salvage therapy for patients with relapsed/refractory (R/R) disease. Some of the most commonly utilized targeted agents for AML include gilteritinib, ivosidenib, enasidenib, and venetoclax. Gilteritinib is a small molecule tyrosine kinase inhibitor with dual inhibition of FMS-like receptor tyrosine kinase-3 (FLT3) and AXL. Gilteritinib is approved as monotherapy in patients with R/R FLT3-mutated AML based on results of the phase 3 ADMIRAL trial in which gilteritinib yielded superior overall survival (OS) compared to salvage chemotherapy (1). Gilteritinib is also being studied in the frontline setting in combination with hypomethylating agents with or without the addition of the B cell lymphoma 2 (BCL-2) inhibitor venetoclax, but gilteritinib is not currently approved as frontline therapy (2, 3). Ivosidenib is a small molecule inhibitor of Isocitrate Dehydrogenase 1 (IDH1). It is approved as monotherapy for treatment of R/R IDH1-mutated AML and as frontline therapy for patients with newly diagnosed IDH1-mutated AML who are ineligible for intensive chemotherapy based on early phase trials showing durable remissions in these patient populations (4, 5). Ivosidenib was also recently approved in combination with azacitidine as frontline therapy in patients with IDH1-mutated AML who are ineligible for intensive chemotherapy based on results of the phase III AGILE trial (6). Enasidenib is a small molecule inhibitor of Isocitrate Dehydrogenase 2 (IDH2) which is approved as monotherapy in patients with R/R IDH2-mutated AML based on studies demonstrating a favorable response rate and favorable OS in this setting (7, 8). The combination of frontline enasidenib + azacitidine has demonstrated a superior overall response rate compared to azacitidine alone in patients with IDH2-mutated AML ineligible for intensive chemotherapy, but enasidenib is not currently approved in the frontline setting (9). Lastly, the BCL2-inhibitor venetoclax can be utilized regardless of the AML mutation profile. Venetoclax is approved in combination with azacitidine or Low Dose Cytarabine (LDAC) as frontline therapy in patients who are ineligible for intensive chemotherapy based on results of the phase III VIALE-A and VIALE-C trials (10, 11).

Though all four of these agents have improved outcomes compared to previous standards of care, they are not considered curative therapies. Therefore, the need remains for allogeneic hematopoietic stem cell transplantation (allo-HSCT) as potentially curative therapy for European Leukemia Net (ELN) intermediate and high risk AML and for patients with R/R disease. The incidence of allo-HSCT has been reported in several, but not all, of the trials leading to the approval of these targeted agents and is variable ranging from 0-25% (1, 5, 7, 11). Most of these studies have not reported on post-transplant outcomes.

These novel targeted therapies are also being increasingly utilized in the frontline setting in patients of all ages and fitness levels, including patients who could otherwise be considered for intensive chemotherapy. This is due in part to the availability of these targeted therapies through ongoing clinical trials. These agents are also prescribed off-label in this setting, potentially due to provider and patient preference to help mitigate prolonged hospitalization and risk of regimen-related toxicities. The decision to use intensive chemotherapy vs. targeted therapy is particularly relevant in patients aged 60-75 due to the heterogeneity of this patient population with respect to disease characteristics, performance status, and comorbidities. However, the impact of targeted therapy vs. intensive chemotherapy on survival and response rates has not been extensively studied in this patient population. It is also unknown whether treatment with targeted vs. intensive therapy affects the ability to proceed to allo-HSCT based on achievement of a desirable response and impact on patient fitness. The impact of remission induction with targeted vs. intensive therapy on post-transplant outcomes has also not been studied in detail.

We conducted a single center, retrospective analysis to determine the impact of targeted therapy vs. intensive chemotherapy on outcomes in newly diagnosed patients with AML aged 60-75 including overall survival, treatment response, incidence of proceeding to allo-HSCT, and post-transplant outcomes. This study was initiated due to the expanding patient populations being treated with targeted therapies and the need to learn from real world experience.



Materials and methods


Patients and treatments

We performed a retrospective chart review for all newly diagnosed patients with AML treated at our center from 2016-2020 and included patients who were aged 60-75 at the time of diagnosis. Patients with Acute Promyelocytic Leukemia (APL), mixed phenotype leukemia, and acute leukemia of ambiguous lineage were excluded. The starting year was chosen as 2016 because this corresponds to the year in which recently approved targeted therapies started to become more widely utilized. Patients were only included in the study if they received either High Intensity Chemotherapy (HiC) or Lower Intensity Targeted Therapy (LITT) as their first prescribed AML treatment. HiC was defined as a regimen containing cytarabine and an anthracycline (daunorubicin or idarubicin) given on a 7 + 3-based schedule. LITT was defined as treatment with gilteritinib, ivosidenib, enasidenib, or venetoclax either as monotherapy or in combination with a hypomethylating agent (azacitidine or decitabine). Patients treated with a frontline hypomethylating agent alone were not included because this is becoming less common in clinical practice, and most patients treated with lower intensity therapies are now receiving targeted agents. All patients who received at least one dose of their first prescribed AML therapy were included in the analysis, as were patients who received more than one line of therapy for AML due to primary refractory disease, relapsed disease, or intolerance of initial treatment. Outcomes were compared between patients who received HiC any point during treatment (any HiC) and patients who did not (LITT only). For patients who underwent allo-HSCT, treatments received following transplant (e.g. maintenance therapy or treatment of relapse) did not count towards treatment group assignment. Salvage chemotherapy regimens containing any combination of an anthracycline, cytarabine, fludarabine, or etoposide such as MEC (mitoxantrone, etoposide, cytarabine) or FLAG (fludarabine, cytarabine, filgrastim) were considered as HiC for purposes of treatment group assignment. Patients who received other second or subsequent lines of treatment with therapies that did not qualify as HiC or LITT (e.g., hypomethylating agent monotherapy, other targeted therapies such as sorafenib, and other clinical trial therapies) were included in the analysis, but these other therapies did not count towards treatment group assignment.



Definition of outcomes and statistical analyses


Patient characteristics

Baseline patient characteristics for the any HiC and LITT only groups were summarized using descriptive statistics. Wilcoxon test was used to compare continuous variables including age, Karnofsky Performance Status (KPS), baseline white blood cell (WBC) count, and baseline blast percentage. Chi-squared test was used to compare categorical variables including Eastern Cooperative Oncology Group (ECOG) performance status, baseline European Leukemia Net (ELN) risk classification, presence of therapy-related AML, presence of AML transformed from a prior myeloid neoplasm (transformed AML), and presence of TP53, FLT ITD, FLT3 TKD, IHD1 and IDH2 mutations.




Treatment response and overall survival

Response in this study was defined as complete remission (CR), complete remission with incomplete count recovery (CRi), or morphologic leukemia free state (MLFS). The definitions of these treatment responses are listed in Supplementary Table 1. The percentage of patients achieving at least one response with either initial or subsequent therapies was compared between the any HiC and LITT only groups. Response assessments for HiC therapies occurred either at count recovery or at approximately day 35, whichever occurred first. Response assessments for LITT therapies typically occurred after cycle 1 and cycle 2, then every 4-6 cycles thereafter or when there was concern for disease progression.

For the entire cohort, overall survival (OS) was calculated from the date of first AML therapy to the date of death from any cause, censoring patients who were alive at the time of last follow up. This primary OS endpoint was compared between the any HiC and LITT only groups. For the subgroup of patients who achieved at least one response during the course of therapy, a secondary OS was also calculated from the date of first response and compared between patients who received HiC vs. LITT as the treatment leading to the first response. The method of Kaplan-Meier was used to obtain estimates of OS, and the comparisons were conducted through log-rank test. Cox proportional hazards regression model was used to associate risk factors with the primary endpoint of OS from date of first AML therapy. Univariable models were first fit, then a backward selection procedure was followed to build a multivariable model. Variables were only left in the final model if they were significant at p ≤ 0.05 except for treatment intensity (any HiC vs. LITT only), which was forced in the model since this was the main variable of interest. Receipt of transplant was treated as a time-dependent variable in the Cox model.



Incidence of transplant and post-transplant outcomes

The time to allo-HSCT was calculated from date of first AML therapy to the date of allo-HSCT, treating death without transplant as the competing risk. Time to acute and chronic graft vs. host disease (aGVHD and cGVHD) was defined from date of allo-HSCT to date of aGVHD or cGVHD onset, treating relapse or death without GVHD as the competing risk. The cumulative incidence rates (CIR) of allo-HSCT, aGVHD and cGVHD were estimated by cumulative incidence function and compared for patients receiving any HiC vs. LITT only using Gray’s test.

Beyond CIR of GVHD, other post-transplant outcomes included post-transplant OS and GVHD-and-relapse-free survival (GRFS). GRFS was defined as absence of grade 3-4 aGVHD, any chronic GVHD, relapse, and death from any cause. Post-transplant OS and GRFS were both calculated from date of transplant and analyzed by Kaplan-Meier method with log-rank test used to compare the any HiC and LITT only groups.

A separate comparison of post-transplant outcomes was also performed based on therapy received immediately prior to transplant (HiC vs. LITT).




Results


Patient characteristics

A total of 127 patients were included in the analysis. The any HiC group contained 73 patients. Sixty of the any HiC patients received HiC only. Twelve of the any HiC patients received HiC before LITT (5 achieved response with HiC then relapsed and received LITT, 3 were refractory to HiC then transitioned to LITT, and 4 achieved response with HiC then transitioned to LITT maintenance due to inability to tolerate additional chemotherapy). One of the any HiC patients received LITT before HiC (achieved response with LITT then relapsed and received HiC). The LITT only group contained 54 patients.

A comparison of baseline characteristics between the two treatment groups is shown in Table 1. Patients in the LITT only group were older (median age 68 vs. 66 years, p=0.0008), had a lower baseline white blood cell (WBC) count (median 5.6 vs. 13.1 K/µL, p=0.006), a trend toward more adverse ELN risk classification (19.6% favorable, 21.6% intermediate, and 58.8% adverse vs. 34.9% favorable, 21.2% intermediate, and 43.9% adverse, p=0.16), a higher frequency of therapy related AML (14.8% vs. 5.5%, p=0.08), and a higher frequency of transformed AML (25.9% vs. 9.6%, p=0.01). The LITT only group also had a higher frequency of TP53 mutations (18.9% vs. 7.1%, p=0.05), a lower frequency of FLT3 ITD mutations (9.4% vs. 31%, p=0.004), and a higher frequency of IDH2 mutations (46.3% vs. 14.3%, p<0.001). Baseline performance status notably did not differ significantly between the two groups.


Table 1 | Baseline patient characteristics according to treatment group.





Treatment response and overall survival

Clinical outcomes are presented in Table 2. A total of 60 patients (82%) in the any HiC group achieved at least one response compared to 33 patients (61%) in the LITT only group (p=0.008). The analysis of primary OS from date of first AML therapy is depicted in row 2 of Table 2 and in panel A of Figure 1. There was no significant difference in median OS between the any HiC and LITT only groups. With a median follow-up of 21.6 months (range: 9.1-49.3) among survivors in the entire cohort, median OS in the any HiC group was 24.7 months (95% CI 16.8-NR) compared to 13.6 months (95% CI 9.6-38.7) in the LITT only group (hazard ratio (HR) for death, 0.67; 95% CI, 0.41 to 1.09; p=0.11). Early mortality also did not differ significantly between the any HiC and LITT only groups. Mortality within 30 days of treatment initiation was 4.1% in the any HiC group vs. 5.6% in the LITT only group (p=0.70). Mortality within 60 days of treatment initiation was 9.6% in the any HiC group vs. 9.3% in the LITT only group (p=1.00). Panel B of Figure 1 depicts the Kaplan Meier curves for OS from the date of first response for patients achieving their first response with HiC vs. LITT. There was no significant difference in post-response OS between these two groups.


Table 2 | Clinical outcomes according to treatment group.






Figure 1 | Overall Survival Panel (A): OS from date of treatment initiation stratified by any HiC vs. LITT only. Panel (B) OS from date of first response stratified by treatment leading to first response (HiC vs. LITT). The distributions were estimated for each treatment group with the use of the Kaplan-Meier method and were compared with the log-rank test. The hazard ratio for death was estimated with the use of the Cox proportional-hazards model.



Cox regression analysis of OS from date of first AML therapy is depicted in Table 3. The left side of the table shows estimates from the univariable models. Higher ELN risk classification and the presence of TP53 mutations were found to be associated with inferior OS, and receipt of allo-HSCT was highly predictive of superior OS on univariable analyses. Treatment intensity, chronological age, baseline performance status, therapy-related AML, and transformed AML were not found to be correlated with OS in this cohort of patients. The right side of the table presents the multivariable model. ELN risk classification, TP53 mutation status, and receipt of transplant all remained significantly associated with OS after adjusting for treatment intensity and other variables.


Table 3 | Cox regression analysis of os from first aml therapy (N=127).





Incidence of transplant and post-transplant outcomes

The CIR of allo-HSCT and post-transplant outcomes for the any HiC and LITT only groups are also presented in Table 2. The incidence of allo-HSCT was significantly higher in the any HiC group compared to the LITT only group (6-month CIR of 42.5% vs. 11.1%, p=0.0003). However, post-transplant OS, incidence of aGVHD, incidence of cGVHD, and GRFS did not differ significantly between the any HiC and LITT only groups.

Of the 53 patients who underwent allo-HSCT, 45 received either HiC or LITT as the treatment immediately prior to transplant. Immediate pre-transplant therapy in the remaining eight patients consisted of decitabine monotherapy in six patients, intensive chemotherapy plus a clinical trial agent in one patient, and sorafenib plus azacitidine in one patient. Supplementary Table 2 shows a comparison of post-transplant outcomes for patients whose immediate pre-transplant therapy was HiC vs. LITT. None of the post-transplant outcomes included in our analysis differed significantly between these two groups.




Discussion

The findings from this study demonstrate that baseline genomic features and receipt of transplant were the most important predictors of OS in this cohort of patients with AML aged 60-75. These were the only variables that were independently predictive of survival, and they were notably more important than treatment intensity and chronological age. Median OS from initiation of AML therapy was 13.6 months (95% CI 9.6-38.7) in the LITT only group in this study. This compares to median OS of 8.8-24 months in previously published clinical trials involving these targeted therapies (1, 2, 4, 6, 8, 10, 12). Median OS from initiation of AML therapy did not differ significantly between the any HiC and LITT only groups in this study. Other retrospective studies comparing intensive chemotherapy to venetoclax + hypomethylating agent therapy have also found that intensive chemotherapy was not associated with superior OS. One study in patients over age 60 comparing frontline venetoclax + decitabine to intensive chemotherapy found that the venetoclax + decitabine group had superior median OS (12.4 vs. 4.5 months, HR = 0.48, 95%CI 0.29-0.79, P < .01) using a propensity-matched comparison (13). Another study found that frontline venetoclax + azacitidine demonstrated a trend toward superior OS compared to frontline intensive chemotherapy in patients of all ages using propensity-matched cohorts (14).

In regards to treatment response, 61% of the patients in the LITT only group achieved at least one response during the course of therapy. This compares to response rates of 30.4%-74% in clinical trials involving these targeted therapies (1, 2, 4–7, 9, 10, 12). It was noted that a higher percentage of patients in the any HiC group achieved at least one response compared to patients in the LITT only group in our study. This is likely due in part to the more adverse baseline cytogenetic and molecular features in the LITT only group.

The incidence of transplant was higher amongst patients who received intensive chemotherapy in our study, but post-transplant outcomes did not differ significantly based on treatment intensity utilized for response induction. Post-response overall survival was also similar in patients who achieved their first response with intensive chemotherapy vs. targeted therapy. These findings suggest that patients who follow the standard treatment paradigm of response induction followed by transplant have similar survival outcomes regardless of whether response is achieved with intensive vs. targeted therapy. A follow up analysis from the ADMIRAL trial similarly found comparable median post-transplant OS for patients who had been treated with salvage gilteritinib vs. standard of care chemotherapy (16.1 months for gilteritinib vs. 15.3 months for standard of care chemotherapy; HR=1.076; 95% CI: 0.536-2.160) (15). The 12 month post-transplant OS was 82% for the LITT only group in our study. Other retrospective analyses have similarly demonstrated favorable post-transplant OS in patients treated with venetoclax + hypomethylating agents with 12 month post-transplant OS of 68-78% (16, 17). Receipt of transplant was highly protective in our study and associated with improved OS. This highlights the vital role of transplant in this population of older patients with AML regardless of the treatment intensity utilized to induce response. A recently published CIBMTR analysis examining predictors of post-transplant outcomes in patients with AML aged 60 and older similarly found that age alone was not a barrier to transplant success and should not exclude patients from undergoing allo-HSCT (18).

Another important question regarding treatment response that was not addressed in this study is the impact of targeted vs. intensive chemotherapy on achievement of measurable residual disease (MRD) negativity. The achievement of MRD negativity by multiparametric flow cytometry (MFC), polymerase chain reaction (PCR), and Next Generation Sequencing (NGS) has been shown to be associated with improved OS and disease free survival in patients with AML treated with intensive chemotherapy (19). There is increasing evidence that MRD negativity has prognostic significance in patients treated with targeted therapies as well (20, 21). Pre-transplant MRD negativity by MFC, PCR, or NGS has also been shown to be predictive of superior post-transplant outcomes including improved OS, improved leukemia free survival (LFS), and reduced incidence of relapse in patients of all ages (22, 23). However, findings from recent studies have also suggested that pre-transplant MRD status by flow or NGS may not be independently predictive of post-transplant LFS or OS in patients older than 60, particularly in patients who are treated with lower intensity therapy for remission induction (24, 25). The impact of treatment intensity on achievement of MRD negativity in this patient population will be an important question for future studies to address, as will the impact of MRD negativity on post-transplant outcomes for patients treated with intensive vs. targeted therapies. Addressing these questions in a retrospective study is challenging due to lack of standardization in terms of time points and methods for MRD assessments among the patients included. Prospective studies in which this can be standardized would be needed to effectively address this. In our study, it is notable that post-response OS did not differ significantly in patients achieving their first response with HiC vs. LITT regardless of response depth.

There are other limitations to consider in this study as well. The retrospective, single center design is one limiting factor. Provider and patient bias represent a limitation given that the factors determining whether patients received HiC vs. LITT were not standardized in this retrospective study. Many of the patients in the LITT only group had been treated on clinical trials and therefore may not be fully representative of patients treated with targeted therapies in the real world in terms of performance status or comorbidities. Another limitation is the relatively small sample size which is particularly notable for the subset of patients who underwent transplant when considering the analysis of post-transplant outcomes. Patients were also not screened for transplant candidacy which limits the ability to draw conclusions regarding the impact of treatment intensity on ability to proceed to transplant. The heterogeneity that exists in this study with regards to patient characteristics, disease characteristics, and treatments received represents another limitation.

Ultimately, decisions regarding optimal treatment intensity in this patient population remain challenging due to the heterogeneity that exists regarding patient and disease characteristics. Validated tools exist which can help to guide this decision. The AML-Composite Model (AML-CM) is one such tool that combines patient comorbidities, age, and cytogenetic/molecular risk to predict one year mortality (26). Another recently published study found that patients treated with intensive chemotherapy can be divided into different groups with distinct 4-week mortality rates based on age, organ dysfunction, frailty, cytogenetic abnormalities, and the presence of infection (27). Providers often prefer to use lower intensity therapies in this age group whenever possible in order to avoid toxicity and prolonged hospitalizations, even in patients who may otherwise be eligible for intensive chemotherapy. Robust comparisons of intensive vs. targeted therapies are therefore necessary to determine whether intensive chemotherapy can be deferred in favor of targeted therapies without compromising patient outcomes. The gold standard for addressing this question would be to conduct prospective, randomized trials comparing intensive chemotherapy to targeted therapy in patients who are considered to be eligible for intensive chemotherapy and potential candidates for transplant at baseline. These types of studies should focus on specific molecular subsets of AML in order to limit heterogeneity and provide better understanding of whether certain molecular subsets are more likely to benefit from intensive vs. targeted therapies. It may be difficult to adequately recruit participants for this type of study due to patient and physician bias regarding preferred treatment intensity, but the results would be helpful for informing clinical practice. There are currently ongoing prospective trials comparing intensive chemotherapy to venetoclax + hypomethylating agents in adults aged 18 to 59 (NCT05177731) and adults aged 18 and older (NCT05177731) who are considered eligible for intensive chemotherapy. The results of these studies will be informative, but the creation of similar trials specifically for patients aged 60 and older would help to further guide treatment decisions for this patient subset. The question of optimal treatment intensity is also likely to evolve over time as more targeted therapies are introduced and as they become increasingly utilized in different combinations.
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