
Seminars in Hematology 57 (2020) 137–141 

Contents lists available at ScienceDirect 

Seminars in Hematology 

journal homepage: www.elsevier.com/locate/seminhematol 

Review 

Philadelphia chromosome positive acute lymphoblastic leukemia in 

adults: Therapeutic options and dilemmas in 2020 

Lori Muffly 

a , ∗, Partow Kebriaei b 

a Division of Blood and Marrow Transplantation, Stanford University, Stanford CA 
b Department of Stem Cell Transplantation and Cellular Therapy, Division of Cancer Medicine, The University of Texas MD Anderson Cancer Center, Houston, TX 

a r t i c l e i n f o 

Keywords: 

Acute lymphoblastic leukemia 

Transplantation 

a b s t r a c t 

The incorporation of tyrosine kinase inhibitors (TKI) into front-line therapy for adults with Philadelphia 

chromosome positive acute lymphoblastic leukemia has dramatically altered response rates and signif- 

icantly improved outcomes, such that this entity may no longer be considered a high risk acute lym- 

phoblastic leukemia subgroup. In this review article, we summarize approaches to front-line therapy in 

the TKI era, including intensive chemotherapy-based regimens and deintensified therapy. We also review 

optimal disease monitoring strategies, discuss the role of consolidative hematopoietic cell transplantation, 

and touch on options for relapsed disease. The incorporation of novel targeted agents in conjunction with 

TKIs into front-line therapy will likely alter the future therapeutic approaches to this disease. 

© 2020 Elsevier Inc. All rights reserved. 
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Prior to the advent of tyrosine kinase inhibitors (TKIs), the

rognosis for adults with Philadelphia chromosome positive (Ph + )

cute lymphoblastic leukemia (ALL) was generally dismal. For ex-

mple, data from the largest prospective clinical trial in adult ALL

onducted in the pre-TKI era, UKALLXII/ECOG2993 which enrolled

rom 1993 to 2004, demonstrated a 5-year overall survival (OS)

f 22% for Ph + ALL, and confirmed that consolidation with allo-

eneic hematopoietic cell transplantation (HCT) significantly im- 

roved outcomes for appropriate patients [1] . Subsequently, the

KALLXII/ECOG2993 trial opened a cohort testing the incorpora-

ion of imatinib into front-line therapy for Ph + patients and found

hat the addition of imatinib significantly improved OS from 22%

o 38% [2] . 

Over the last decade further dramatic progress has occurred on

everal fronts in this disease. Second and third generation TKIs

ave been incorporated into a variety of therapeutic backbones

ith encouraging results. A deeper understanding of molecular risk

ariants that co-exist with BCR-ABL1 and advances in assays to

onitor for measurable residual disease (MRD) and kinase resis-

ance mutations have further personalized the approach to Ph +
LL. HCT, once available only to younger patients with sibling

onors may now be performed successfully across the age spec-
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rum using a variety of donors and stem cell sources. Finally, highly

ctive targeted immunotherapies, currently available in the United

tates for patients with relapsed/refractory disease, are quickly

oving into front-line trials for adults with Ph + and Ph-negative

LL. 

With this success and array of therapeutic options brings a vari-

ty of dilemmas for the practicing clinician and Ph + ALL patient. In

he current article, we will review the existing data and evidence

o help guide front-line therapy options, discuss optimal monitor-

ng strategies, examine the role of HCT in the modern era, and

ouch on treatment options for relapsed/refractory disease. 

ront line therapy: Choice of TKI to combine with intensive 

hemotherapy 

Results from a variety of studies incorporating imatinib into

ront-line intensive chemotherapy regimens for adults with Ph +
LL demonstrated that the addition of imatinib increased response

ates and improved OS relative to historical controls that were

reated without TKIs [2-7] . However, the depth of response and

elapse-free survival (RFS) even after the addition of imatinib left

oom for improvement. For example, although the overall CR rate

as 92% in the cohort of patients treated with imatinib and

hemotherapy on the UKALLXII/ECOG2993 trial, the 4-year RFS was

0%, and dropped to 18% in patients who did not receive consol-

dative HCT [2] . Similarly, in a long-term follow-up report from the

D Anderson Cancer Center (MDACC), the CR rate following ima-

inib plus hyperCVAD (cyclophosphamide, vincristine, Adriamycin, 
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nd dexamethasone) was 93%, but the rate of complete molecular 

esponse (CMR; defined as absence of detectable BCR-ABL1 tran- 

cripts by RT-PCR) by real-time quantitative polymerase chain reac- 

ion (RT-PCR) was only 45%, and the estimated 5-year disease-free 

urvival (DFS) was 43% for patients who achieved CR [3] . 

The desire to deepen remissions and improve survival resulted 

n trials of second and third generation TKIs incorporated into 

ront-line chemotherapy for adults with Ph + ALL. Dasatinib has 

een evaluated both in combination with intensive chemotherapy 

nd with chemotherapy-light/free regimens (reviewed in next sec- 

ion). Among 72 patients (median age 55 years) treated with dasa-

inib plus hyperCVAD on a Phase II trial at MDACC, 96% attained CR

ollowing the first cycle, with 65% achieving CMR at some point in

he course of therapy and only 12 patients proceeding onto con-

olidative HCT [8] . However, the median 5-year DFS was only 44%

ith 13 relapses (7 with T315I mutations), 20 deaths in CR1 (7

ost-HCT, 3 during induction, 10 after induction), and toxicity lead- 

ng to dasatinib discontinuation in 12 patients, of which 6 were

ue to pleural effusion. The authors amended the protocol mid- 

ay to reduce the dasatinib dose to 100 mg daily for the first

4 days followed by 70 mg continuously beginning with the sec-

nd cycle. In another Phase II study evaluating dasatinib plus hy-

erCVAD conducted by the United States Intergroup (SWOG0805) 

ncluding patients up to age 60, the CR rate was 88% (MRD rate

nknown), and 3-year RFS for patients who achieved CR was 62%

ith 69% 3-year OS. This trial differed from the MDACC report in

hat it was a younger patient cohort and over half of the patients

nderwent allo HCT in CR1 [9] . Nilotinib has also been tested in

ombination with intensive chemotherapy. The Korean Society of 

ematology reported results of a Phase II trial of nilotinib with

ultiagent chemotherapy, demonstrating a 91% CR rate (overall 

MR 86%), with 2-year RFS and 2-year OS of 72% [10] . 

Finally, the use of ponatinib as front-line therapy has been eval-

ated in combination with hyperCVAD. In a single institution re- 

ort from MDACC on 76 patients (median age 47 years), ponatinib

final dosing schema amended to 45mg for the first 14 days fol-

owed by 30 mg daily from cycle 2 until CMR, then 15 mg daily

hrough maintenance) was combined with hyper-CVAD and re- 

ulted in a 100% CR rate (83% CMR), estimated 3-year EFS and

S of 70% and 76%, respectively, with a median of 36 months of

ollow-up [11] . Importantly, patients with clinically significant car- 

iovascular disease were excluded from the trial, yet hypertension 

eveloped in 50%, significant thrombotic events in 13%, 21% de- 

eloped pancreatitis, and 37% of patients required ponatinib dose 

eductions. An update of this data recently presented in abstract 

orm [12] . With a median follow-up of 44 months, the 3-year and

-year EFS were an estimated 78% and 74% and the 3-year and 5-

ear OS were an estimated 71% and 68%. 

There have been no published or reported studies prospectively 

omparing the results of different TKIs with chemotherapy as up- 

ront therapy for adults with Ph + ALL, although in children dasa-

inib was shown to be superior to imatinib [13] . Thus, the choice

f TKI is currently based on the institutional protocol available, pa-

ient comorbidities and TKI tolerability, consolidation options (see 

CT section below), and TKI availability/insurance coverage. For 

atients in which a chemotherapy-based regimen is considered, we 

enerally recommend the use of a second or third generation TKI

iven the evidence that these agents can induce deeper remission 

nd most reports demonstrate favorable survival outcomes relative 

o outcomes reported with first generation TKIs. Finally, appropri- 

te CNS prophylaxis with a minimum of 8 to 12 intrathecal thera-

ies is critically important for all adults with Ph + ALL, regardless

f front-line regimen or TKI administered. 
ront-line therapy: Evidence for deintensifying the regimen 

The significant activity of second and third generation TKIs 

n Ph + ALL led several study groups to challenge the notion of

hether intensive chemotherapy is still required to effectively treat 

h + ALL in adults. To test this hypothesis, the European Group

or Research on Adult ALL Ph + conducted a randomized study

valuating imatinib plus low dose chemotherapy versus imatinib 

lus hyperCVAD with HCT consolidation for appropriate patients 

reated on either study arm. The overall 5-year EFS and OS for

he entire study cohort was a disappointing 37.1% and 45.6%, re-

pectively, with no significant differences in outcomes between 

he two study arms. The European Working Group on Adult ALL

hen conducted a study in adults 55 and older (median age, 69

ears) of dasatinib in combination with low-dose chemotherapy 

nduction and consolidation; only 7 patients received HCT [14] . Al-

hough nearly all patients achieved CR, the relapse rate was simi-

arly high at 54% and the vast majority of relapses were associated

ith the T315I mutation. The 5-year RFS and OS were 28% and 36%,

espectively. 

The results of at least 3 studies of chemotherapy-free induc- 

ion regimens in adult Ph + ALL have been presented in abstract

orm [15-17] . The Phase II US Intergroup 10701 trial tested dasa-

inib plus dexamethasone induction/intensification followed by a 

entral nervous system (CNS) prophylaxis block and reduced in- 

ensity conditioning based HCT consolidation [15] . With median 

ollow-up of just under 2 years, In 65 evaluable patients, 86%

chieved CR, and 23 deaths had occurred. In the phase II Italian

IMEMA LAL1811 study for patients aged 60 and older, ponatinib 

5 mg daily plus steroids resulted in a 90% CR (45% CMR) rate

17] However, dose reductions were common and 26 serious ad- 

erse events were reported, of which 13 were related to ponatinib.

inally, the Italian GIMEMA group recently presented early results 

f the LAL2116 D-ALBA study evaluating blinatumomab plus dasa- 

inib as a chemotherapy-free front-line regimen [16] . In this pre-

iminary report of 63 patients, the overall CMR rate was 55.6% and

nly 6 relapses had occurred, but follow-up was limited to just

ver 1 year. 

Thus, although data is accumulating for d-intensification of 

ront-line chemotherapy, there remains no clear consensus on 

he optimal approach in adults. As we await maturation of the

eintensification studies, we currently recommend that younger 

atients or those with few comorbidities and preserved functional 

tatus receive an intensive chemotherapy-based regimen with a 

econd or third generation TKI. In older patients or those whom

re otherwise not candidates for more intensive chemotherapy, we 

ecommend a TKI plus deintensified chemotherapy or a TKI-steroid 

pproach. The duration of TKI maintenance following front-line 

herapy has not been well studied in adults; we therefore, recom-

end ongoing/indefinite TKI maintenance, as tolerated, in patients 

ho do not undergo HCT. Relapses have been commonly reported 

n patients receiving reduced deintensified front-line regimens, 

ncluding CNS relapses, and treating clinicians who take this 

pproach must be sure to administer adequate CNS prophylaxis. 

dditionally, assessment of the risks and benefits of HCT as remis-

ion consolidation should be performed for the individual patient. 

s discussed in greater detail below, accumulating retrospective 

ata suggests that MRD response may be used to determine 

onsolidation strategy in adults with Ph + ALL; specifically, that 

atients achieving MRD negative CMR after intensive induction 

nd TKI therapy may have durable remission without the need for

pfront allogeneic HCT. However, MRD driven consolidation (HCT 

s no HCT) has not been prospectively tested in adult Ph + ALL. 
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trategies for disease monitoring 

The routine assessment of MRD response to therapy is standard

f care for ALL in both children and adults. A variety of different

ethodologies for MRD measurement have been studied, and are

vailable to practicing clinicians, yet little definitive evidence ex-

sts to support the superiority of one method over another [19 , 20] .

here is general consensus, however, that any assay must be val-

dated, reproducible, and sensitive to at least the 10- 4 level in or-

er to be considered appropriate for MRD detection in ALL [21 , 22] .

n the United States, MRD in adults with Ph + ALL is commonly

ssessed via quantification of BCR-ABL1 transcripts by RT-PCR, as

alidated PCR assays are readily available, sensitive, and ongoing

onitoring using this technique may be performed using periph-

ral blood in an approach similar to that used in chronic myeloid

eukemia [23] . 

There is a growing evidence that achievement of MRD neg-

tivity 1 to 3 months after beginning second or third genera-

ion TKI-containing therapeutic regimens is associated with su-

erior outcome, and that rising MRD later in the disease course

ypically heralds fulminant relapse [14 , 18 , 24] . For example, among

dults treated with hyper-CVAD + TKI containing regimens who did

ot undergo allogeneic HCT at MDACC, achievement of CMR at 3

onths following initiation of therapy was highly associated with

uperior RFS and OS, more so than MRD response at time of mor-

hological CR [18] . Similarly, ample data exists that MRD response

rior to HCT predicts post-HCT relapse, and that emergence of

RD following HCT highly suggests pending relapse [25-27] . Fur-

her, MRD results are currently actionable with MRD-guided inter-

entions and risk adapted consolidation. 

In addition to MRD monitoring, evaluation for TKI resistance

utations is essential in patients with primary refractory disease,

ising MRD, or overt relapse. In particular, the T315I mutation,

hich confers resistance to all first and second generation TKIs,

as been identified in over half of patients relapsing after dasa-

inib based front-like regimens [8 , 14] . Finally, the detection of

dditional cytogenetic abnormalities, particularly involving the loss 

f chromosome 9/9p, as well as certain genomic mutations in-

olving IKZF1 have been shown to result in poor outcomes [28 , 29]

onventional cytogenetics should be assessed at diagnosis and

elapse, and consideration for mutational analysis by next genera-

ion sequencing should be considered at the same time points as

etection of high-risk mutations may aid in prognostication and

uiding postremission decision making. 

he role of HCT for consolidation 

Consolidation with allogeneic HCT in CR1 is still considered the

tandard of care for patients with a suitable human leukocyte anti-

en donor receiving upfront therapy with a first or second gener-

tion TKI, largely based on date from two prospective multicenter

rials. In the SWOG0805 intergroup study, patients up to age 60

ears received up to 8 cycles of alternating hyperCVAD with high

ose cytarabine and methotrexate plus dasatinib [9] . Patients with

 matched sibling or unrelated donor received consolidation with

 uniform, total body irradiation-based, myeloablative HCT in CR1

ollowed by dasatinib maintenance up to 5 years; patients without

 donor received maintenance with vincristine and prednisone for

 years and dasatinib indefinitely. Eighty-eight percent of patients

eached CR or CR with incomplete count recovery, and 42% percent

nderwent transplantation. With a median follow-up of 36 months

range, 9-63), OS and RFS were 69% and 62%, respectively, at 3-

ears for the whole population. The 12-month OS and RFS for the

ransplanted group were 87% and 71%, respectively. Notably, land-

ark analysis at 175 days from CR showed a significant benefit for

S and RFS in the transplanted group, P = .037 and .038, respec-
ively [9] . However, the conclusions from this study were limited

y the lack of MRD information on the patients. 

In the prospective study conducted by the French cooperative

roup, Group for Research on Adult Acute Lymphoblastic Leukemia,

 different schedules of imatinib-containing induction were inves-

igated with the primary objective of identifying the rate of major

olecular response after 2 cycles of therapy, and enabling more

atients to proceed to transplant [30] . Patients were offered an

llogeneic HCT if they had a matched donor, or autologous HCT if

hey attained a major molecular response and no donor. Overall,

7% of patients were able to proceed to transplant; 63% allogeneic,

4% autologous. With a median follow-up of 4.8 years, the 5-year

FS and OS rates were estimated at 37.1 and 45.6%, respectively

30] . Allogeneic HCT was associated with a significant benefit in

FS (hazard ratio [HR] 0.69, P = .036) and OS (HR 0.64, P = .02).

owever, notably, patients who achieved a complete molecular

esponse at the end of 2 cycles of therapy did not benefit from

FS (HR 1.02, P = .96). Furthermore, in patients achieving a major

olecular response, the outcome was similar after autologous and

llogeneic HCT [30] . 

These findings from the Group for Research on Adult Acute

ymphoblastic Leukemia study underscore the importance of MRD

s a tool to help inform the decision to proceed to HCT and suggest

hat patients who are MRD negative after induction therapy may

ot need HCT for consolidation. This observation is very relevant

or patients who are treated with third generation TKIs such as

onatinib which result in very high complete molecular response

ates [11] . Thus, the recommendation to proceed to transplant in

rst CR in MRD negative patients is less clear. In the absence of

 prospective clinical trial, we recommend an individualized dis-

ussion with the patient weighing the expectation of durable first

emission with their current therapy versus the expected survival

ollowing transplant taking into account factors that will signifi-

antly impact transplant outcomes, such as the patient’s perfor-

ance status, comorbidities, and donor availability. 

The benefit to TKI maintenance following transplant has been

xtrapolated from largely retrospective studies [31-35] and very

mall prospective studies [35-38] without adequate statistical 

ower. Nevertheless, the observations in sum suggest benefit for

KI maintenance [39] . The largest retrospective report was from

he European Blood and Marrow Transplant (EBMT) registry, in

hich the Acute Leukemia Working party 8 analyzed the outcomes

f 473 allo-HCT Ph + ALL patients who were transplanted in CR1

nd received post HCT TKI maintenance (n = 157). The post-allo-

CT use of TKI was associated with improved OS (HR = 0.44, P =
002), DFS (HR = 0.42, P = .004) as well as reduced rate of re-

apse (HR = 0.4, P = .01) [34] . In the largest prospective, random-

zed study by the German Multicenter study group for adult ALL

GMALL), 55 patients with Ph + ALL were randomly assigned to

eceive imatinib as prophylaxis (n = 26) or pre-emptive therapy

ased on MRD positivity (n = 29) following allogeneic HCT in CR1

r CR2 for one year [36] . The majority of patients were trans-

lanted in CR1 in both groups, and other key transplant factors

ere similar between the 2 groups. Following HCT, patients in the

rophylactic and pre-emptive arms were initiated on imatinib at a

edian of 48 days (range 23-88 days) and 70 days (range 39-567

ays), respectively. Imatinib was stopped prematurely in approxi-

ately 2/3 of both groups both groups with median duration of

matinib 245 days for the prophylactic group and 191 days for the

re-emptive group. The 5-year OS rates were excellent in both the

rophylactic and pre-emptive groups at 80% and 75%, respectively.

lthough the rate of molecular recurrence was significantly lower

n the prophylactic group, 40% versus 69%, P = .046, the rates of

vent-free and OS did not differ between the 2 groups, suggesting

hat pre-emptive therapy was adequate in preventing overt relapse

40] . 
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Based on these observations both EBMT [41] and the American

ociety for Transplantation and Cellular Therapy [42] recommend 

hat all patients with Ph + ALL should be offered TKI maintenance

ollowing transplant either in a prophylactic or pre-emptive man- 

er with frequent MRD monitoring in the peripheral blood and less

requently in the bone marrow. The recommendation for which TKI 

o use, and the duration of maintenance is less clear. The EBMT

uidelines suggest starting with imatinib unless there is evidence 

or resistance with persistent MRD, or if there was a history of

NS involvement since imatinib does not penetrate into the CNS; 

n these cases they recommend using dasatinib that has CNS pen-

tration [41] . However, increasing data support the superiority of 

ewer generation TKI, and thus if a patient is receiving newer gen-

ration TKI, the authors would recommend continuing the current 

KI post transplant; if persistent MRD, then changing to another 

KI. Finally, there is very little data on the optimal duration of

KI maintenance with studies reporting intended durations of 1 

36] to 5 years[9]. In an effort to study this question, data for 165

atients with Ph + ALL who consecutively underwent a first allo-

eneic HCT in complete remission at MDACC from 2001 to 2018

ere retrospectively reviewed (Saini, Blood, in press). TKI mainte- 

ance was administered to 59% of patients, either in a prophylac-

ic (n = 71) or pre-emptive manner (n = 26) with significant benefit

oted in progression-free survival (PFS). In an effort to evaluate the

mpact of maintenance duration, patients who were alive in CMR 

t 3 months post HCT and still taking TKI (n = 84) were studied.

he median duration of TKI maintenance was 13 months (range

.23-74 months), with median duration between stopping TKI and 

ast follow-up 20 months (range 0.23-161 months). On a compet- 

ng risk regression model, patients who continued TKI maintenance 

ad a significantly lower rate of relapse (HR 0.12, P = .045) com-

ared to patients who stopped before 2 years. Among patients who

ook TKI for more than 2 years, there was only one relapse (Saini,

lood, in press). 

reatment options for relapsed disease 

Approval of effective salvage therapies in B-lineage ALL has 

hanged the treatment landscape for patients with relapsed dis- 

ase, resulting in more patients achieving remission, and sub- 

equently proceeding to transplant with a possibility for cure 

43] . Blinatumomab, a bispecific T-cell enagager targeting CD19 

as evaluated in the phase II ALCANTARA trial for patients with

elapsed-refractory Ph + ALL [44] . The findings from this study

ere similar to the confirmatory blinatumomab study for Ph- 

egative B-ALL [45] , with 36% overall survival (ORR) after 2 cycles

f treatment, and 44% of patients proceeding to SCT [46] . Blinatu-

omab in combination with ponatinib was studied in 20 patients 

ith Ph + ALL resulting in a 65% ORR and median survival of 14

onths [47] . Inotuzumab ozogamicin (IO) is an immune-conjugate 

omprised of an anti-CD22 antibody linked to calicheamicin. In 

 phase III trial of IO administered as first or second salvage for

elapsed-refractory ALL, IO resulted in significantly better ORR (88% 

s. 32%, P < .0 0 01), median survival (7.7 vs. 6.7 months, HR 0.77, P =
02), and 2-year survival rate (23% vs. 10%) compared to best stan-

ard of care; Ph + patients comprised 13% of IO patients and 17%

f the SOC group [46] . IO was combined with bosutinib in 16 pa-

ients with relapsed-refractory Ph + ALL [48] . The combination was

afe, and resulted in an ORR of 81% (CMR 55%). Among 13 respond-

ng patients, 6 proceeded to allogeneic HCT, with 5 remaining alive

nd in remission at last follow-up [48] . Finally, immunotherapy in

he form of chimeric antigen receptor (CAR) modified autologous 

 cells (CAR T) result in very high and deep response rates; data

rom the global ELIANA trial for pediatric and young adult patients

ith relapsed-refractory ALL (n = 75, 37% high-risk karyotype in- 

luding Ph + ) showed an ORR of 68%, notably all response MRD
egative [49] . Subsequent CAR trials, including studies in adults 

ave shown similarly favorable CR rates [50 , 51] . However, approx-

mately 50% of responding patients subsequently relapse [49-51] , 

nderscoring the need for determining predictors of relapse fol- 

owing CAR therapy in effort s to determine which patients may

enefit from further therapy [52] . 

onclusion 

In conclusion, the adoption of TKI into the treatment schedule 

f patients with Ph + ALL has led to significant improvement in

S, such that the long-standing classification of high-risk for this 

ubset of ALL patients is now debatable. Furthermore, refinements 

n molecular techniques to monitor for disease response and eval- 

ate for resistance to therapy allows for more precise delivery of

herapy, and therefore overall better outcomes. For younger and fit 

atients we recommend an intensive chemotherapy-based regimen 

ith a second or third generation TKI, given the preponderance of

ata supporting that these newer TKI induce deeper remission. In 

atients who are not candidates for more intensive chemotherapy, 

e recommend TKI plus de-intensified chemotherapy or a TKI- 

teroid approach. Consolidation with transplant should still be con- 

idered the standard of care for patients receiving first or second

eneration TKI but may be debated in patients who achieve MRD

egativity with a third generation TKI, such as ponatinib. Finally, 

ll patients with Ph + ALL should be offered TKI maintenance fol-

owing transplant either in a prophylactic or pre-emptive manner 

or a duration of at least 2 years. 
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