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Abstract 

Philadelphia chromosome-positive acute lymphoblastic leukemia (Ph+ ALL) was historically considered 

to be a very poor-risk subtype of ALL. However, with the introduction of highly potent BCR-ABL tyrosine 

kinase inhibitors (TKIs), Ph+ ALL can now be considered relatively favorable-risk acute leukemia. 

Considering the high rates of measurable residual disease negativity and excellent long-term survival 

that has been achieved with regimens incorporating later-generation TKIs and particularly with 

ponatinib, lower-intensity and even chemotherapy-free regimens are now being evaluated for patients 

of all ages with Ph+ ALL. The very encouraging early results observed with blinatumomab-based, 

chemotherapy-free regimens challenge previous notions that all patients with Ph+ ALL should undergo 

allogeneic stem cell transplantation in first remission, as these regimens are capable of achieving deep 

and durable remissions without need for transplant in the vast majority of patients, particularly when 

combined with ponatinib. In this review, we discuss the evolving approach to the treatment of adults 

with newly diagnosed Ph+ ALL and the major principles that should guide therapy in this disease. We 

also review the rationale and data supporting the use of novel, chemotherapy-free regimens in Ph+ ALL 

and how these approaches may soon become new standards of care. 

Introduction 
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Over the past 20 years, the outcomes of patients with Philadelphia chromosome-positive (Ph+) acute 

lymphoblastic leukemia (ALL) have dramatically improved, first with the addition of BCR-ABL tyrosine 

kinase inhibitors (TKIs) to chemotherapy backbones and, more recently, with the development of more 

potent later-generation TKIs.1 In adults who are fit for intensive chemotherapy, most studies have 

evaluated TKIs in combination with intensive chemotherapy such as hyper-CVAD (hyperfractionated 

cyclophosphamide, vincristine, doxorubicin and dexamethasone alternating with high-dose 

methotrexate and cytarabine) or similar regimens. However, with the development of more active, 

broader spectrum TKIs such as ponatinib and effective novel monoclonal antibody constructs such as 

blinatumomab, the role of intensive chemotherapy in treating patients with Ph+ ALL has been 

increasingly questioned. Several investigators are currently evaluating lower-intensity regimens in 

patients with Ph+ ALL of all ages in an effort to assess whether use of these novel agents may allow for 

de-intensification of therapy even for younger and fit patients. In this review, we summarize the 

evidence for frontline regimens in Ph+ ALL and specifically discuss the rationale and emerging data for 

non-intensive, chemotherapy-free regimens in this disease. 

 

Principles of the Frontline Treatment of Ph+ ALL: Optimal Response and TKI Selection 

Achievement of MRD negativity has been shown to be associated with superior disease-free survival 

(DFS) and overall survival (OS) in a meta-analysis of 39 publications on both children and adults with ALL, 

several of which included patients with Ph+ ALL.2 In order to achieve cure in Ph+ ALL, it is imperative 

that patients achieve a complete molecular response (CMR), defined as the absence of detectable BCR-

ABL1 transcripts as assessed by real-time quantitative reverse-transcription polymerase chain reaction. 

Several studies have showed that this endpoint is associated with favorable outcomes, including in 

patients who do not undergo subsequent allogeneic hemopoietic stem cell transplantation (HSCT) in 

first remission.3-5 In a retrospective study of patients with Ph+ ALL who received intensive chemotherapy 
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with hyper-CVAD plus a TKI and did not undergo HSCT in first remission, achievement of CMR within 3 

months was associated a 4-year OS rate of 66% (versus 36% for those with lesser responses; P<0.001). In 

this analysis, CMR at 3 months was the only independent predictor of OS.4 Given the favorable 

outcomes for patients who achieved CMR and did not undergo subsequent HSCT, these data suggest 

that HSCT may be safely deferred in first remission in patients who achieve this endpoint. This MRD-

driven approach to consolidation therapy in Ph+ ALL is supported by consensus recommendations.6 

Early achievement of CMR is thus an important endpoint in evaluating new therapies for Ph+ ALL and 

may serve as an early indicator of regimens that are likely to lead to durable remissions and cure 

without need for HSCT. 

 

Which BCR-ABL TKI is used in the frontline regimen is a major driver of both MRD negativity rates and 

long-term outcomes in Ph+ ALL.  A key principle that has been observed across studies of various TKI-

based regimens for Ph+ ALL is that later-generation TKIs are associated with increased molecular 

response rates and superior OS compared to earlier-generation TKIs.7 A  phase III randomized study of 

chemotherapy plus either imatinib or dasatinib was conducted in children with Ph+ ALL.8 Notably, this 

study used a dasatinib dose of 80 mg/m2 per day, a dose which provides enhanced penetration into the 

central nervous system (CNS)9 and which was higher than the 60 mg/m2 dose used in two previous 

pediatric studies.10,11 The use of dasatinib was associated with a superior 4-year event-free survival (EFS) 

rate (71.0% versus 48.9%; P=0.005) and a superior 4-year OS rate (88.4% versus 69.2%; P=0.04).8 The 

benefit to dasatinib treatment was driven by a decreased risk of relapse (4-year cumulative risk of 

relapse: 19.8% versus 34.4% with imatinib; P=0.01), including a lower rate of CNS relapses (2.7% versus 

8.4%, respectively; P=0.06). These data provide the most robust evidence to date support the use of a 

later-generation TKI rather than imatinib in patients with Ph+ ALL. Unfortunately, there are no 

randomized data to guide TKI selection in adults with newly diagnosed Ph+ ALL, although a randomized 
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phase III study of reduced-intensity chemotherapy plus either imatinib or ponatinib in this population is 

ongoing (NCT03589326). 

 

While superior to imatinib, a second-generation TKI such as dasatinib or nilotinib may not be adequate 

for many patients. T315I resistance mutations in the ABL1 gene—which confer resistance to all first- and 

second-generation TKIs—have been reported in up to 75% of patients who relapse after treatment with 

a first- or second-generation TKI.12,13 Using highly sensitivity next-generation sequencing based 

techniques, these mutations do not appear to be present at the time of treatment initiation and 

therefore baseline ABL1 testing is unlikely to be useful in frontline TKI selection.14 The dominant role 

that treatment-emergent T315I mutations play in driving relapse has led our group and other 

investigators to evaluate the role of ponatinib in the frontline setting. Data from these individual trials 

will be discussed in detail in later sections. However, importantly, these ponatinib-based regimens have 

been associated with superior rates of CMR compared to regimens using earlier-generation TKIs, which 

has translated to improved long-term outcomes. For example, the overall CMR rate with the hyper-

CVAD plus ponatinib regimen was 86%, compared to 45-65% reported in studies with hyper-CVAD plus 

imatinib or dasatinib.15-18 These deeper responses translated to superior 5-year OS for the hyper-CVAD 

plus ponatinib regimen (74% versus 40-50% with hyper-CVAD plus imatinib or dasatinib). The superior 

outcomes achieved with a ponatinib-based frontline regimen for Ph+ ALL is also supported by both a 

meta-analysis and a propensity-matched score analysis, both of which showed an OS benefit with use of 

ponatinib versus the use of earlier-generation TKIs.19,20 Even among those who achieve CMR, there is 

evidence to suggest that treatment with ponatinib is superior to other TKIs. In a retrospective analysis of 

84 patients who received hyper-CVAD plus a TKI and achieved 3-month CMR, use of ponatinib (rather 

than imatinib or dasatinib) was the only significant independent predictor of OS.21 
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Outcomes with Intensive Chemotherapy + TKI 

Results from major clinical trials of various TKI-based regimens in newly diagnosed Ph+ ALL are shown in 

Table 1. The introduction of imatinib to standard chemotherapy improved outcomes compared to 

chemotherapy alone and resulted in complete remission (CR) rates of 95% and long-term OS rates of 35-

45%.15,22-24 As in the pre-TKI era, analyses of the impact of allogeneic HSCT in first remission from the 

imatinib era suggested a benefit to consolidative HSCT.23 However, it is important to note that CMR 

rates <50% have been reported in most studies of imatinib-based regimens.15,22,25,26 In a multicenter 

study of hyper-CVAD plus dasatinib in 94 adults ≤60 years of age, the 3-year OS was 69%.27 Importantly, 

even with this second-generation TKI, allogeneic HSCT was associated with improvement of relapse-free 

survival (RFS) and OS compared with those who did not undergo HSCT in first remission (P=0.038 and 

0.037, respectively). Notably, MRD data for this cohort have not been published, and therefore we do 

not know whether the impact of HSCT was impacted by MRD response, as has been suggested in some 

other studies.4 In another study of intensive chemotherapy plus nilotinib, a 2-year OS rate of 72% was 

achieved, with 70% of patients undergoing HSCT in first remission.28  

 

In the most recent update of the study of hyper-CVAD plus ponatinib for patients with newly diagnosed 

Ph+ ALL, 86 patients have been treated (median age: 46 years), 74% of whom achieved CMR at the 3-

month time point and 86% of whom achieved CMR at some point over the course of therapy.17,18  Due in 

part to the very high CMR rate, only 19 patients (22% of the entire cohort) underwent HSCT in first 

remission. With a median follow-up of 44 months, the 5-year OS rate was 74%, and in a landmark 

analysis, the 5-year OS rate among non-transplanted patients was 83%. Notably, only 3 patients 

relapsed while still on ponatinib, suggesting that ponatinib is highly effective at suppressing resistant 

clones. The toxicity of this regimen has also been manageable since instituting a risk-adapted dosing 

schedule of ponatinib in which patients receive 45mg on days 1-14 during induction, with decrease to 
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30mg once CR is achieved and again to 15mg once CMR is achieved. Acknowledging the challenges of 

cross-trial comparison of data from single-arm studies, both the CMR rates and long-term outcomes 

reported with the hyper-CVAD plus ponatinib regimen appear superior to those achieved with intensive 

chemotherapy plus an earlier-generation TKI. These results suggest that a ponatinib-based regimen can 

yield high rates of deep molecular remission, eliminating the need for HSCT for the vast majority of 

patients.  

 

Outcomes with Lower-Intensity Chemotherapy and/or Corticosteroids + TKI 

As the incidence of Ph+ ALL increases with age, many patients may be too old or frail to safely receive 

intensive chemotherapy. Therefore, several investigators have evaluated lower-intensity regimens in 

older patients with newly diagnosed Ph+ ALL. The EWALL-PH-01 study evaluated the combination of 

dasatinib with low-intensity chemotherapy in patients age >55 years of age.13  While nearly all patients 

(96%) achieved CR, only 24% of patients achieved measurable residual disease (MRD) negativity, defined 

in this study as a 5-log reduction in BCR-ABL1 transcript levels. The 5-year OS rate was 36%, reflecting 

poorer disease control with this lower-intensity regimen as compared to what has been achieved with 

intensive chemotherapy plus a TKI. The development of a T315I mutation in ABL1, which was detected 

in 75% of relapses, was the primary driver of resistance with this regimen.  A study of low-intensity 

chemotherapy plus nilotinib in a similar population resulted in a CR rate of 94% and a 4-year OS rate of 

47%.29 

 

Regimens using only corticosteroid plus a TKI have also been explored. While these regimens are 

generally well-tolerated they are generally associated with short durations of response and suboptimal 

CMR rates (e.g. 4% with imatinib and 23% with dasatinib).5,30,31 Given the established potency of 

ponatinib and its clinical activity against T315I mutations, ponatinib has also been explored in the 
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context of lower-intensity regimens. In the GIMEMA LAL1811 trial of older or unfit patients with newly 

diagnosed Ph+ ALL, ponatinib at a dose of 45mg daily was combined with corticosteroids in 44 

patients.32 CR was achieved in 95% of patients after 1 course of therapy. However, the CMR rate was 

only 46%, which translated to an estimated 2-year OS of 62%. Acknowledging that this study was 

conducted specifically in an older population, the depth of remission attained with this low-intensity 

regimen of ponatinib plus corticosteroids appears substantially lower than that achieved with hyper-

CVAD plus ponatinib (46% versus 86%, respectively), providing evidence that treatment intensity may 

play an important role in achieving deep responses and long-term remissions in Ph+ ALL. However, as 

discussed in the following section, this benefit of intensive chemotherapy may not apply when more 

effective novel monoclonal antibodies such as blinatumomab are used. 

 

Lower intensity therapies have also been studied in younger, fit patients with Ph+ ALL. For example, in 

the GIMEMA LAL1509 trial, the combination of dasatinib with prednisone was evaluated in younger 

patients (median age: 42 years).5 Patients who did not achieve CMR by day 85 received subsequent 

chemotherapy, with or without HSCT, whereas those who achieved CMR continued with dasatinib 

alone. Using this risk-adapted treatment approach, the 3-year OS rate was 58%. However, only 18% of 

patients achieved CMR with TKI plus steroids alone and were therefore able to be spared chemotherapy 

and/or HSCT. Thus, while this approach could identify a subset of patients whose disease was highly 

sensitive to minimal therapy, the majority of patients required treatment intensification, including 

transplantation. In contrast, regimens capable of inducing very high rates of CMR can spare most 

patients the need for HSCT in first remission. 

 

Outcomes with Blinatumomab + TKI 
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Blinatumomab has been shown to be highly effective in relapsed/refractory Ph+ ALL both as 

monotherapy and in combination with a TKI.33,34 This has prompted the development of several clinical 

trials in the frontline setting evaluating blinatumomab in combination with a TKI. In the D-ALBA study, 

adults of any age with newly diagnosed Ph+ ALL were treated with a combination of corticosteroids and 

dasatinib for 85 days, followed by 2-5 cycles of blinatumomab consolidation, along with 12 doses of 

intrathecal chemotherapy. Sixty-three patients were treated with a median age of 54 years (range, 24-

82 years). Among the 55 patients who received 2 cycles of blinatumomab, 60% achieved a molecular 

response at this time point (either CMR or positive non-quantifiable). Twenty-nine patients (46%) 

underwent HSCT. With a median follow-up of 28.8 months as of the most recent update, the 36-month 

DFS and OS rates were 71% and 80%, respectively. Overall, 9 patients relapsed, including 4 hematologic, 

1 nodal, 3 isolated CNS, and 1 combined hematologic and CNS relapse. These results are encouraging 

and provide a proof-of-concept that chemotherapy-free blinatumomab plus TKI regimens are highly 

effective in Ph+ ALL. However, it remains unknown whether this regimen will be adequate to prevent 

the emergence of T315I mutations, which have historically been the dominant mechanism of relapse 

with dasatinib-based therapies. Furthermore, patients with IKZF1 deletion alone or with IKZF1 plus 

genotype both had relatively poor outcomes with dasatinib plus blinatumomab (36-month DFS rates of 

55% and 41%, respectively), suggesting that alternative approaches may be required for these patients. 

 

At MD Anderson, we have recently reported data from the combination of ponatinib plus blinatumomab 

in patients with Ph+ ALL.36 In contrast to the D-ALBA regimen where patients receive nearly 3 months of 

single-agent dasatinib before blinatumomab is initiated, ponatinib and blinatumomab are started 

concomitantly. Patients receive up to 5 cycles of blinatumomab in combination with ponatinib 30mg 

daily in cycle 1, which is then decreased to 15mg daily once a CMR is achieved and then continued for 5 

years as maintenance therapy. Patients also receive 12 doses of intrathecal chemotherapy as CNS 
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prophylaxis. A total of 35 patients have been treated (20 with newly diagnosed Ph+ ALL, 10 with 

relapsed/refractory Ph+ ALL, and 5 with chronic myeloid leukemia in lymphoid blast phase). The overall 

CR/CR with incomplete platelet recovery (CRp) rate for the entire cohort was 96%, and only 1 patient 

with relapsed/refractory Ph+ ALL who had previously received ponatinib did not respond. The overall 

CMR rates for the frontline and relapsed/refractory cohorts were 85% and 88%, respectively. With a 

median follow-up of 12 months, the estimated 2-year EFS and OS rates were 41% and 53%, respectively, 

in the relapsed/refractory cohort and were both 93% in the frontline population. Importantly, none of 

the newly diagnosed patients underwent HSCT in first remission and none has relapsed. These early data 

are encouraging, particularly in the newly diagnosed Ph+ ALL cohort, and suggest that ponatinib plus 

blinatumomab may serve as an effective chemotherapy-free, HSCT-sparing regimen in this population. 

 

Conclusions 

The treatment of Ph+ ALL is rapidly evolving. While historically Ph+ ALL was considered an aggressive 

and poor-risk subtype of ALL, outcomes in the modern era now surpass those of Ph-negative ALL. This 

has been driven largely by the development of newer, more potent TKIs as well as a better 

understanding of the impact of MRD on risk of relapse and how this information can inform decisions for 

HSCT. While studies using first- or second-generation TKIs have largely showed a benefit of HSCT in first 

remission, ponatinib-based regimens induce very high rates of CMR, and thus, most patients with Ph+ 

ALL who are treated with a frontline ponatinib-based approach can have excellent outcomes even when 

HSCT is not performed. The next step in the evolution of Ph+ ALL therapy has been the incorporation of 

blinatumomab into chemotherapy-free frontline regimens for patients of all ages. Studies of both 

dasatinib and ponatinib in combination with blinatumomab have yielded promising results. In particular, 

the combination of ponatinib plus blinatumomab may represent an HSCT-sparing regimen for patients 

with newly diagnosed Ph+ ALL, although longer follow-up is needed to confirm the durability of these 
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remissions. Given the multiple recent advances in the management of Ph+ ALL, we can reasonably 

envision a future in which what was once one of the most aggressive forms of leukemia is now 

considered nearly universally curable without either need for either chemotherapy or HSCT. 
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Table 1: Frontline Trials of TKI-based Regimens in Ph+ ALL 

TKI N Median age, 
years [range] 

Overall 
CMR 

rate, % 

HSCT 
rate, % 

RFS rate, % OS rate, % Reference 

Intensive Chemotherapy + TKI 

Imatinib 54 51 [17-84] 45 30 43 (5-year) 43 (5-year) 15 

Imatinib 169 42 [16-64] NR 72 50 (4-year) 38 (4-year)  
23 

Dasatinib 97 44 [20-60] NR 42 62 (3-year) 69 (3-year) 27 

Dasatinib 72 55 [21-80] 60 17 44 (5-year) 46 (5-year) 16 

Nilotinib 90 47 [17-71] 86 70 72 (2-year) 72 (2-year) 28 

Ponatinib 86 46 [21-80] 86 22 68 (5-year) 74 (5-year) 17,18 
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Low-Intensity Chemotherapy + TKI 

Imatinib 135 49 [18-59] 28 62 37 (5-year) 46 (5-year)  
26 

Dasatinib 71 69 [59-83] 24 10 28 (5-year) 36 (5-year) 13 

Dasatinib 60 42 [19-60] 19 42 49 (3-year) 58 (3-year) 37 

Nilotinib 79 65 [55-85] 58 16 42 (4-year) 47 (4-year) 29 

Nilotinib 60 47 [18-59] NR; 
MMR 80 52 85 (1-year) 96 (1-year) 38 

Corticosteroids + TKI 

Imatinib 30 69 [61-83] 4 NR 48 (1-year) 74 (1-year) 30 

Dasatinib 53 54 [24-77] 15 34 51 (2-year) 69 (2-year) 31 

Ponatinib 42 69 [27-85] 46 NR NR 62 (2-year) 32 

Blinatumomab + TKI 

Dasatinib 63 55 [24-82] 81 19 71 (36-month) 80 (36-month)  

Ponatinib 20 62 [34-83] 85 0 93 (2-year) 93 (2-year) 36 

TKI, tyrosine kinase inhibitor; CMR, complete molecular response; NR, not reported; MMR, major 
molecular response; HSCT, allogeneic stem cell transplant; RFS, relapse-free survival; OS, overall survival 
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