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Acute lymphoblastic leukemia (ALL) is characterized by

clonal proliferation of lymphoid progenitors. In the last

decade, significant advances have been made in

understanding the disease pathogenesis, refining

prognostic groups and developing novel therapies that

target specific subsets. Therapies targeting either specific

transcripts (e.g. Bcr-Abl tyrosine kinase inhibitors) or

specific leukemic cell surface antigens (e.g. CD20, CD22,

and CD19 monoclonal antibodies) are major

breakthroughs. These novel therapies and combinations

are transforming treatment strategies for adults with ALL

and are beginning to result in significant improvements in

survival. In this newsletter, we describe clinical trials

available at our institution for patients with ALL, including

Philadelphia chromosome (Ph)-negative and positive

disease, and in both the frontline and salvage settings.

Many of these approaches focus on decreasing or

eliminating the role of chemotherapy, with the goal of

making these regimens more tolerable in older adults and

also decreasing the morbidity and mortality associated with

myelosuppression-related infections and other

complications of intensive chemotherapy.

When referring a patient for these trials, remember that

most allow up to 2 previous cycles of therapy; therefore,

patients are eligible 1-2 months after diagnosis.

Furthermore, the monoclonal and bispecific antibody

constructs (e.g. inotuzumab ozogamicin or blinatumomab)

are provided free of charge as part of the trial.

1. Frontline Ph-negative ALL

Hyper-CVAD + blinatumomab + inotuzumab – Hyper-

CVAD is the standard of care for adults able to tolerate

intensive chemotherapy. Blinatumomab, the CD3-CD19

mailto:Leukemia@mdanderson.org
https://www.mdanderson.org/research/departments-labs-institutes/departments-divisions/leukemia/leukemia-insights.html
http://www.linkedin.com/pub/leukemia-department-hagop-kantarjian-m-d/2a/833/b14
http://twitter.com/DrHKantarjian
http://www.facebook.com/MDAnderson/
http://www.youtube.com/mdandersonorg
https://faculty.mdanderson.org/profiles/elias_jabbour.html
https://www.mdanderson.org/research/departments-labs-institutes/departments-divisions/leukemia.html
https://my.mdanderson.org/
mailto:Leukemia@mdanderson.org


bispecific T-cell engager, has also shown

significant promise in the treatment of ALL,

with recent FDA approval based on a survival

advantage for patients with relapsed or

refractory ALL compared with combination

chemotherapy. Blinatumomab has also shown

efficacy in eliminating minimal residual disease

(MRD). In this study, only 4 (rather than 8)

courses of chemotherapy are given, followed

by 4 cycles of blinatumomab incorporated into

an 18-month maintenance regimen (half the

duration of standard POMP maintenance).

With the addition of blinatumomab, the goal is

to both decrease the amount of intensive

chemotherapy received and deepen

responses. In the first 38 adult patients treated

with Hyper-CVAD plus blinatumomab, the CR

rate was 100%, the MRD negativity rate was

97%, and the estimated 3-year survival was

81% (compared to 66% with the historical

HCVAD-ofatumumab). This protocol was

amended to add the CD22 antibody-drug

conjugate inotuzumab ozogamicin, thereby

incorporating all of the most active agents in

B-cell ALL into our frontline regimen. Twenty-

three patients were so far enrolled and treated

with very encouraging results. The CR rate

was 100%, the MRD negativity rate was 91%,

and the estimated 1-year survival was 100%.

The estimated 3-year overall survival of the

whole population treated (n=63) was 84%. The

3-year survival rates in patients with poor and

favorable baseline features were 78% and

90%, respectively. By 3-month landmark

analysis, there was no difference in outcome

whether an allogeneic stem cell

transplantation was performed or not. The 3-

year overall survival rates were 86% in

patients who received allogeneic stem cell

transplantation and 84% in those who did not.

This is the best outcome reported so far.

If the data mature with similar results in a

larger cohort of patients, this may open a new

form of therapy in adult ALL.

Hyper-CVD + inotuzumab ozogamicin +

blinatumomab – Because many older

patients with ALL are not able to tolerate

intensive chemotherapy, we have designed a

low-intensity chemotherapy regimen (hyper-

CVD) combined with the two most active

monoclonal antibodies in ALL: inotuzumab

ozogamicin and blinatumomab. Inotuzumab is

given at lower, fractionated doses in an

attempt to decrease the rate of veno-occlusive

disease while maintaining efficacy.

Blinatumomab was added to deepen the level

of response. In the most recent update of 80

treated patients, the overall response rate is

99%, and no early deaths were observed.

Overall, 94% of patients achieved MRD

negativity. The 5-year overall survival rate is

46%, which compares favorably to historical

data in which similar populations had a cure

rate of only 20%. These data are the best

reported thus far in this population. This

regimen is also available for patients with

relapsed/refractory Ph-negative ALL of any

age. In order to improve the safety of this

regimen in patients who are 70 years and

older, the regimen was amended. Patients are

receiving a chemotherapy-free regimen with

inotuzumab and blinatumomab induction (4

cycles) followed by blinatumomab

consolidation (4 cycles). No maintenance is

offered. The early results are promising. All

first 6 patients treated achieved MRD negative

(by NGS) remission.

Other regimens include hyper-CVAD plus

nelarabine and the Bcl-2 inhibitor venetoclax

(for T-cell ALL) and low-intensity

chemotherapy plus

venetoclax and navitoclax (for older patients

with Ph-negative ALL). Pre-clinical studies

have demonstrated activity of venetoclax and

navitoclax in B-cell and T-cell ALL cell lines.

Preclinical data suggests as well significant

synergy with chemotherapy. Preliminary

results of the combination of venetoclax with

low-intensity chemotherapy in newly

diagnosed older patients unfit for intensive

chemotherapy are promising with objective

response and MRD negativity rates of 91%

and 100%, respectively. The study provides

venetoclax and navitoclax free of charge and

is open for accrual. This regimen is open as

well for patients with relapsed-refractory ALL,

including mainly T-cell ALL.



2. Frontline Ph-positive ALL

Hyper-CVD + ponatinib + blinatumomab –

Ponatinib is a potent third-generation Bcr-Abl

tyrosine kinase inhibitor (TKI) that also

suppresses the T315I mutation, which confers

resistance to all other commercially available

TKIs. A study of hyper-CVAD plus ponatinib

resulted in a 5-year overall survival rate of

74%, the best so far described in Ph-positive

ALL (long-term survival is 40-50% with earlier-

generation TKIs). When compared to hyper-

CVAD plus dasatinib in a propensity score

matching analysis, the combination of H-CVAD

and ponatinib had a significantly higher CMR

rate (82% versus 65%) and higher 3-year

survival rate (83% versus 60%). Given

previous experience that full-intensity hyper-

CVAD results in significant toxicity in many

patients, there is a rationale to combine

ponatinib with a less intensive chemotherapy

backbone. Given its activity in Ph-positive ALL,

blinatumomab is also added to this regimen.

The goal is that by reducing toxicity from

intensive chemotherapy and incorporating the

most active agents in Ph-positive ALL

(blinatumomab and ponatinib), we will reduce

treatment-related morbidity and mortality and

further increase the cure rate. This regimen is

open to patients of all ages with newly

diagnosed Ph-positive ALL, in particular,

patients with Ph-positive ALL transformed from

chronic myeloid leukemia. The CMR rate was

75% and the estimated 2-year survival rate

was 78% among 16 patients treated. Ponatinib

and blinatumomab are provided free of

charge.

Blinatumomab and ponatinib –

Blinatumomab was evaluated in the Phase II

ALCANTARA trial in patients with

relapsed/refractory Ph-positive ALL. In this

study, 36% of patients achieved complete

remission (CR) or CR with incomplete

hematologic response and was active in

patients with T315I mutations. The median

overall survival was 7.1 months. We have

treated 8 patients with relapsed/refractory Ph-

positive leukemias with the combination of

ponatinib and blinatumomab, 6 of whom (75%)

achieved CMR. With a median follow-up of 10

months, the 1-year overall survival rate was

75%. We are therefore evaluating this

combination blinatumomab and ponatinib, a

chemotherapy-free combination in patients

with newly diagnosed and relapsed-refractory

Ph-positive ALL. So far 63 patients (43 with

newly diagnosed disease) were enrolled and

treated. In the frontline treatment, 85% have

achieved a complete molecular response

(88% by NGS) within 3 months (64% at 4

weeks). Only one patient with newly

diagnosed disease received allogeneic stem

cell transplantation. The estimated 2-year

survival rate is 95%. This is a paradigm shift

and will potentially become a new standard of

care.

3. Minimal Residual Disease

Persistence or reappearance of minimal

residual disease (MRD) after induction

chemotherapy is the most important adverse

prognostic factor in patients with ALL and

identifies chemo-refractory disease. More than

90% of patients who have persistent MRD

after chemotherapy experience a clinical

relapse, despite continued chemotherapy, with

a median time to relapse of 4-5 months.

Blinatumomab – Blinatumomab was

assessed in 116 patients with ALL in CR but

with MRD positivity. Approximately 78%

achieved MRD negativity after one cycle. With

a median follow-up of 29 months, the median

survival was 36 months. The median OS for

those who achieved MRD-negative status was

40 months versus 12 months for those who

remained MRD-positive. A Phase II study of

blinatumomab in patients with B-cell ALL in

first or second/third CR with positive MRD

(≥0.01%) is active at our institution. Patients

with Philadelphia-positive disease are eligible

and will receive blinatumomab in combination

with TKI. Thirty-seven patients have been

treated so far. The MRD negativity rate is 73%,

with 3-year survival rate of 67%.

Inotuzumab ozogamicin – Inotuzumab has

shown significant activity in R/R ALL with



higher efficacy observed in patients with

minimal disease and in those treated in

Salvage 1 compared to Salvage 2 and

beyond. Inotuzumab is currently being

assessed in patients with both Ph-negative

and Ph-positive ALL with positive MRD.

Patients with Ph-positive disease can also

receive a TKI. So far, 27 patients were treated,

63% achieved MRD negativity. The estimated

1-year survival was 77%.

Both blinatumomab and inotuzumab are

provided free of charge.

4. Salvage treatments

Ph-negative ALL

Hyper-CVD + inotuzumab ozogamicin +

blinatumomab – This regimen combines low-

intensity chemotherapy with the two most

active monoclonal antibodies in ALL

(inotuzumab ozogamicin and blinatumomab).

To date, 108 patients have been treated. The

overall response rate is 84%, with particularly

efficacy in patients in first salvage (response

rate: 93%). The 3-year overall survival rates

for the entire cohort and for patients in first

salvage are 41% and 51%, respectively. A

historical comparison with patients who

received inotuzumab ozogamicin as a single

agent shows a significant benefit to the

combination regimen (median overall survival:

17 months versus 6 months), strongly

suggesting that combination therapies should

be offered to patients with Ph-negative ALL

with relapsed/refractory disease. Delivering

inotuzumab and blinatumomab in combination

with low dose chemotherapy concomitantly

from the first cycle may further improve the

results by eradicating measurable residual

disease from Day 28 (assessed by NGS; MRD

negativity by NGS of 87%). The addition of

sequential blinatumomab and the weekly

admiration pf low-dose inotuzumab reduced

the rate of VOD from 13% to 2%; this change

translated into survival improvement from a

median of 14 months to a median of 37

months (3-year survival rates of 34% and

55%, respectively). The study was amended

into a dose-dense mini-HCVD-inotuzumab-

blinatumomab given for 6 cycles followed by

POMP maintenance for 12 cycles with one

cycle of blinatumomab after every 3 cycles of

POMP. The overall doses of blinatumomab

and Inotuzumab remain the same as

previously. Furthermore, patients responding

are offered consolidation with chimeric antigen

receptor T-cells therapy. Early results are

promising; 8 of the 9 patients enrolled

achieved MRD negative remission by NGS.

Hyper-CVD + venetoclax + navitoclax –

Venetoclax is an oral Bcl-2 inhibitor that has

activity across a wide variety of hematologic

malignancies. Preclinical data suggests

significant synergy with chemotherapy and

particular efficacy in patients with T-cell ALL.

We have therefore designed a Phase I/II study

of the combination of hyper-CVD plus

venetoclax for patients with relapsed/refractory

ALL. This regimen is particularly promising for

patients with T-cell ALL, which is an unmet

need as there are currently no approved

monoclonal antibodies this ALL subtype. Early

results are encouraging with an objective

response rate of 74% obtained in patients with

refractory disease. The study was amended

and current patients are receiving the

combination of low dose chemotherapy and

venetoclax and navitoclax.

Sub-cutaneous (SQ) blinatumomab – In

order to improve the compliance and the

administration of blinatumomab, continuously

4 weeks, every 6 weeks, we are evaluating the

pharmacokinetic of a SQ formulation of

blinatumomab. We are leading the Phase I

study. The drug is given daily during the first

week, then 3 times per week subsequently. So

far 9 patients were treated. Of them, 5 patients

achieved MRD negative remission. The study

is open and accruing patients.

Hyper-CVD + ponatinib + venetoclax –

Outcome of patients with relapse T-cell acute

lymphoblastic leukemia is poor, and novel

therapeutics are much needed. The

developmental arrest in T-ALL drives

differential activation of preTCR-LCK



(sensitive to tyrosine kinase inhibitors) and

BCL2 signaling, thus providing unique

opportunities for targeted therapy. Therefore,

following this rational, we just launched a

phase II trial evaluating mini-HCVD plus

ponatinib and venetoclax in patients with

relapsed-refractory T-ALL.

ADCT-602 – ADCT-602 is an antibody drug

conjugate composed of a humanized

monoclonal antibody directed against CD22,

conjugated to SG3199, a

pyrrolobenzodiazepine (PBD) dimer cytotoxin.

ADCT-602 is being assessed at our institution

in a Phase I/II trial. The hope is that this agent

will be a potent anti-CD22 therapy, without the

hepatic toxicity associated with inotuzumab

ozogamicin. This trial is currently open in the

Phase I part. Patients with R/R B-ALL are

eligible. Prior allogeneic stem cell transplant is

allowed. This drug is given IV weekly. The

drug is provided free of charge.

CAR T-cells – CAR T-cells directed at CD19

have emerged as an effective approach for

patients with aggressive B-cell lymphomas

and pediatric ALL. With this therapeutic

approach, autologous T-cells are engineered

to express a receptor directed at CD19, which

mediates cytotoxicity. These cells have been

noted to expand and persist in vivo, which may

lead to more durable responses.The most

notable toxicities encountered with CAR T-cell

therapies include cytokine release syndrome

(CRS), neurological toxicity (called ICANS)

and B-cell aplasia. Two FDA approved CAR T-

cells therapies are currently available. In a

global study of CAR T-cell therapy, a single

infusion of tisagenlecleucel provided durable

remission with long-term persistence in 75

pediatric and young adult patients with

relapsed or refractory B-cell ALL, with transient

high-grade toxic effects. The 3-month overall

remission rate was 81%, with all responding

patients found to be negative for minimal

residual disease. The 12-month event-free

survival (EFS) and overall survival (OS) rates

were 50% and 76%, respectively. KTE-X19

(Tercartus) showed a high ojective response

rate of 71% (CR 56%) in adult patients with

R/R ALL, among them 47% having failed 3 or

more previous therapies including

blinatumomab (45%), inotuzumab (22%), and

allo-SCT (42%). The median overall survival

was 18.2 months, not reached in responding

patients. Ten (18%) patients received allo-SCT

consolidation after KTE-X19 infusion. Cytokine

release syndrome of grade 3 or higher

occurred in 13 (24%) patients and neurological

events of grade 3 or higher occurred in 14

(25%) patients.

Autolus CD19 CAR T-cells (Obi-cell) - Obi-

cell is a second-generation CD19-CAR

(CAT19-41BB-Z) with a fast off rate, designed

for more physiologic T-cell activation to reduce

toxicity and improve engraftment. Among 20

evaluable patients (25% had prior

blinatumomab, 50% prior inotuzumab

ozogamicin, and 65% prior allogeneic stem-

cell transplantation) infused, 17 (85%)

achieved minimal residual disease-negative

complete response. The 12-months event-free

survival was 48%. No patients experienced ≥

grade 3 cytokine release syndrome; 3 of 20

(15%) experienced grade 3 neurotoxicity that

resolved to ≤ grade 1 within 72 hours with

steroids. The Phase II study is open at our

institution and currently accruing

We have trials of both CD19 and CD22-

directed CAR T-cells, as well as allogeneic

CAR T-cells. Allogeneic CAR T-cells offer an

“off-the-shelf” approach, in which the cells are

derived from sources other than the patient

such as from healthy-volunteer donors, or

iPSC (induced pluripotent stem cell) line.

Hence there is no requirement to

leukopherese patients and then wait for the

cells to be manufactured. Finally, we will be

opening soon a CD7-directed CAR T-cells

therapy for patients with relapsed-refractory T-

cell. Below are the current CAR T-cell studies

at MD Anderson:



Ph-positive ALL

Blinatumomab and ponatinib – In addition to

being tested in older adults with newly

diagnosed Ph-positive ALL (see above), the

chemotherapy-free combination of

blinatumomab and ponatinib is being

evaluated in patients with relapsed/refractory

Ph-positive ALL. This regimen combines two

of the most active agents in Ph-positive ALL,

both of which are capable of overcoming the

T315I resistance mutation, which is the

dominant mechanism of relapse in Ph-positive

leukemias.

Venetoclax and ponatinib – The Bcl-2

inhibitor venetoclax has shown significant

promise across multiple leukemias, with FDA

approval for patients with relapsed/refractory

CLL with 17p deletion and with excellent safety

and efficacy when combined with low-intensity

therapies in older patients with AML. There is

significant preclinical rationale for the

combination of venetoclax and ponatinib, with

the combination showing synergistic activity in

preclinical models. Ponatinib may also help to

prevent venetoclax resistance by preventing

upregulation of Mcl-1, an established

resistance mechanism of venetoclax-based

regimens. A Phase I/II trial of the oral,

chemotherapy-free regimen is now accruing

for patients of all ages with relapsed/refractory

Ph-positive ALL. We have completed Phase I

of this entirely oral and chemotherapy-free

combination of ponatinib, venetoclax and

dexamethasone in patients with

relapsed/refractory Ph-positive ALL. At the

recommended Phase II dose of venetoclax,

the CR/CRi rate was 83% with no relapses to

date. This trial is now in Phase II expansion

and is accruing for patients of all ages with

relapsed/refractory Ph-positive ALL.

Inotuzumab and bosutinib – A randomized

trial comparing inotuzumab with physician’s

choice of chemotherapy in patients with

relapsed/refractory ALL in first or second

salvage showed a significant improvement in

response rates and survival with inotuzumab.

Bosutinib is a second-generation TKI and dual

Abl and Src kinase inhibitor that is active in

Ph-positive leukemias. A Phase I-II trial

assessing the combination of inotuzumab and

bosutinib in patients with newly diagnosed and

relapsed/refractory ALL is enrolling. Eighteen

patients with relapsed/refractory disease have

been treated. The CR/CRi rate is 83%, and

CMR rate 56%. The median overall survival is

13.5 months.

The Leukemia Department welcomes and will

facilitate referrals and would like to work with

you to make novel therapies available to your

patients. For referrals, please contact any of

the Leukemia faculty listed.



Clinical Faculty

Kantarjian, Hagop Department Chair (713) 792-7026

Garcia-Manero, Guillermo Deputy Chair, Chief, Section of Translational (713) 745-3428

Research, Chief, Section of Myelodysplastic Syndromes 

(MDS), and Director, Leukemia Clinical Fellowship Program

Wierda, William Deputy Chair, Chief, Section of Chronic Lymphocytic (713) 745-0428

Leukemia (CLL), and Leukemia Center Medical Director

Andreeff, Michael Chief, Section of Molecular Hematology and Therapy, (713) 792-7261

Center Medical Director, Bone Marrow Aspiration Clinic

Borthakur, Gautam Chief, Section of Developmental Therapeutics (713) 563-1586

Daver, Naval Director, Leukemia Research Alliance Program (713) 794-4392

DiNardo, Courtney D. Co-Leader, Section of Acute Myeloid Leukemia (AML), (734) 358-1053

Co-Leader, Section of Developmental Therapeutics

Leader, Hereditary Hematologic Malignancy Clinic 

Ferrajoli, Alessandra Leukemia Center Associate Medical Director (713) 792-2063 

Issa, Ghayas “Gus" Co-Leader, Section of Chronic Myeloid Leukemia (CML) (713) 745-8432

Jabbour, Elias Chief, Section of Acute Lymphoblastic Leukemia (ALL) (713) 792-4764

Completing these studies in a timely manner will allow us to move quickly on positive leads. We appreciate 

referrals and will make every effort, once a patient is enrolled on a study, to continue as much of the care as 

possible through the referring oncologist. We also will keep you apprised of the patient's progress. View our 

faculty roster. 

Leukemia Faculty Contacts

Jain, Nitin Director, Cellular Therapy Program (713) 745-6080

Kadia, Tapan Co-Leader, Section of Acute Myeloid Leukemia (AML), (713) 563-3534 

Co-Leader, Section of Developmental Therapeutics, 

Co-Leader, Leukemia Clinical Fellowship Program

Montalban Bravo, Guillermo Director, Chronic Myelomonocytic Leukemia (CMML) (713) 792-4956

Program

Pemmaraju, Naveen Director, Blastic Plasmacytoid Dendritic Cell Neoplasm (713) 794-3604

(BPDCN) Program

Ravandi, Farhad Chief, Section of Acute Myeloid Leukemia (AML) (281) 216-7806

Sasaki, Koji Co-Leader, Section of Chronic Myeloid Leukemia (CML) (713) 745-2882

Verstovsek, Srdan Chief, Section of Myeloproliferative Neoplasms (MPNs), (713) 745-3429
Director, Clinical Research Center for MPNs
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Completing these studies in a timely manner will allow us to move quickly on positive leads. We appreciate 

referrals and will make every effort, once a patient is enrolled on a study, to continue as much of the care as 

possible through the referring oncologist. We also will keep you apprised of the patient's progress. View our 

faculty roster. 

Leukemia Faculty Contacts (continued)
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Abbas, Hussein (713) 745-8433

Alvarado, Yesid (713) 794-4364 
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Burger, Jan (713) 563-1487

Chien, Kelly (713) 745-7584

Kornblau, Steven (713) 794-1568

Maiti, Abhishek (346) 725-0901

Masarova, Lucia (832) 750-4211

Montalban Bravo, Guillermo (713) 794-3604

Ohanian, Maro (713) 792-0091

Pemmaraju, Naveen (713) 792-4956

Short, Nicholas (713) 563-4485

Takahashi, Koichi (713) 745-4613

Thompson, Philip (713) 792-7430

Yilmaz, Musa (713) 745-9945

Research Faculty

Battula, Venkata (713) 563-2227

Bhalla, Kapil N. (713) 563-8619

Burks, Jared K. (713) 792-7640

Carter, Bing Z. (713) 794-4014

Chang, Kyung Hee (713) 792-4694

Colla, Simona (713) 794-5223

Estrov, Zeev (713) 794-1675

Fiskus, Warren (713) 563-5901

Ganan_Gomez, Irene (713)-792-7828

Han, Lina (713) 792-7640

Ishizawa, Jo (713) 792-7640

Keating, Michael (713) 745-2376

Piya, Sujan (713) 792-7305
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