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mosome number), chromosomal rearrangements 
that deregulate gene expression or result in ex-
pression of chimeric fusion proteins, deletions and 
gains of DNA, and DNA sequence mutations.13 On 
average, childhood ALL genomes contain only 
10 to 20 nonsilent coding mutations at the time 
of diagnosis and about twice as many at the time 
of relapse.14 Many mutations perturb key cellular 
processes, including the transcriptional regulation 
of lymphoid development and differentiation; 
cell-cycle regulation; the TP53–retinoblastoma 
protein tumor-suppressor pathway; growth factor 
receptor, Ras, phosphatidylinositol 3-kinase, and 
JAK–STAT signaling; nucleoside metabolism; 
and epigenetic modification. Perturbation of the 
latter two processes is common at relapse.14,15

ALL may be of B-cell precursor or T-cell lin-
eage. In 25 to 30% of children with B-cell ALL, 
leukemic cells have high hyperdiploidy (>50 
chromosomes) due to nonrandom chromosome 
gains. This subtype is associated with an excel-
lent prognosis. Hypodiploidy (<44 chromosomes) 
occurs in 2 to 3% of children with B-cell ALL 
and is a strong negative prognostic factor.16 Low 
hypodiploidy (30 to 39 chromosomes), which is 
associated with the presence of TP53 mutations 
that are frequently inherited, is a manifestation 
of the Li–Fraumeni syndrome.17

Chromosomal translocations and intrachro-

mosomal rearrangements are early, possibly initi-
ating events in leukemogenesis. Several can be 
detected in neonatal blood samples years before 
there are clinical manifestations of leukemia.18 
These translocations and rearrangements are usu-
ally present in all leukemic cells, are retained at 
relapse,14,19 and with additional genetic alterations, 
induce leukemia in experimental model systems.

There are two functional classes of transloca-
tions. The first class relocates oncogenes into 
regulatory regions of actively transcribed genes, 
causing dysregulated expression of an intact pro-
tein. Examples include translocations that bring 
C-MYC under control of the immunoglobulin heavy-
chain (IGH) or light-chain (IGK and IGL) gene en-
hancers in Burkitt’s lymphoma and leukemia, 
rearrangement of the cytokine receptor–like fac-
tor 2 (CRLF2) and erythropoietin receptor (EPOR) 
genes to IGH and IGK in B-cell ALL,20,21 and jux-
taposition of the transcription factors TLX1 and 
TLX3 to T-cell receptor (TCR) loci in T-cell ALL.22

The second major class of translocations jux-
taposes two genes to encode a chimeric protein 
that has distinct functions from the proteins 
from which it is derived. An important example 
is the ETV6-RUNX1 fusion, which fuses two hema-
topoietic transcription factors; it is observed in 
one quarter of children with ALL. Other impor-
tant examples include TCF3-PBX1, the t(9;22)

Figure 1. Overall Survival among Children with Acute Lymphoblastic Leukemia (ALL) Who Were Enrolled in Chil-
dren’s Cancer Group and Children’s Oncology Group Clinical Trials, 1968–2009.
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Ph- ALL: progress with ‘pediatric’-based and 
risk-oriented therapy



More recently, novel immunotherapeutics against CD19 and CD22
were tested in clinical trials. In relapsed/refractory ALL, blinatumo-
mab led to morphological response in 43% to 69% of patients37-39

with 76% to 88% of responding patients being MRD negative.
Patients who achieved negative molecular MRD status had longer
survival than patients who remained MRD positive.38,40 Regarding
CART19, multiple groups have shown that this approach can
induce CRs in 60% to 90% of BCP-ALL patients in clinical trials,
with most of the responding patients (both children and adults)
becoming MRD negative.41-43 Relapsed or refractory ALL patients
being treated with inotuzumab ozogamicin reached response rates
of 58% to 81%,44,45 with 72% to 78% of these patients having
MRD results below 0.01%.44,45 Data on the prognostic value of
MRD in this setting are still preliminary; however, different from

first-line chemotherapeutic approaches, relapse rate is high even in
patients reaching MRD negativity. Therefore, MRD response in this
setting seems to be an essential but not sufficient criterion for long-
term remissions. Higher sensitivities or earlier MRD assessments
might be necessary to identify a subgroup of patients with a
particularly rapid and deep MRD response and a better prognosis.
The prognostic value of MRD assessment is also influenced by the
type of subsequent treatment being used after MRD assessment
(Figure 2). Only a portion of the relapsed or refractory ALL patients
received intensive therapy (allogeneic SCT [allo-SCT]) after
treatment with blinatumomab or inotuzumab ozogamicin, and
single-drug antibody treatment is probably not sufficient to cure
the majority of relapsed or refractory ALL. In addition, the prognostic
impact of MRD seems to be influenced by the salvage status: in a
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Figure 4. Prognostic value of MRD in Ph– adult ALL. (A) Probability of OS for patients in the standard-risk and high-risk groups according to molecular response (MR)

status (leukemia-associated IG/TR rearrangements detected by RT-qPCR) after induction or early consolidation chemotherapy (week 16) excluding SCT in CR1.20 Results of

the GMALL 06/99 and 07/03 trials. Complete molecular remission (MolCR) is defined as MRD negativity with an assay sensitivity of at least 10–4. Molecular failure

(MolFail) is defined as quantifiable MRD positivity $10–4. (B) OS according to different molecular levels of postinduction MRD (detected by IG/TR RT-qPCR). Results of the

NILG ALL 09/00 trial. Complete molecular remission (CMR) is defined as MRD negativity at weeks 10, 16, and 22. MR is defined as MRD ,10–4 at week 10 and/or week 16

and/or week 22. Molecular resistance type 1 (MR1) is defined as measurable MRD $10–4 and ,10–3. MR2 is defined as measurable MRD $10–3. Panel B adapted from

Bassan et al31 with permission. (C) Effect of SCT on OS. Results of the GRAALL-2003/2005 trials. Simon-Makuch plots of SCT time-dependent analysis of OS according to

molecular MRD response ($10–3or ,10–3) and type of postremission therapy (SCT vs no SCT) in high-risk ALL. MRD was detected by IG/TR-based RT-qPCR. Panel C

adapted from Dhédin et al.24 (D) OS for patients with relapsed or refractory BCP-ALL receiving salvage immunotherapy (inotuzumab ozogamicin or blinatumomab) by MRD

response (MRD positive or MRD negative by 6-color MFC) and salvage status (Salvage 1 [S1] vs Salvage 2 [S2]). Retrospective analysis at MD Anderson Cancer Center.

Includes data from 4 Ph1 patients. Panel D adapted from Jabbour et al46 with permission.
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These and other studies:

• MRD most/only significant
risk factor in M/V analysis

• MRD- pts do better
– can do without allo-SCT

• MRD+ pts do worse
(both CR1 and salvage 1)

– benefit from allo-SCT
– MRD ≥ 10-3 is the worst

GMALL

GRAALL MDACC

NILG

Risk stratification for risk-oriented therapy: MRD



Mixed genetic/MRD pediatric risk model
(O’Connor D et al, J Clin Oncol 2018)
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Fig 3. Relationship between minimal residual disease (MRD) at relapse risk. Each panel shows a smoothed density distribution of MRD for patient-cases in a particular
genetic subtype. Shading corresponds to the risk of relapse for patients with that particular MRD level. The dotted line indicates the t(MRD) value that corresponds to
specific MRD values. T-ALL, T-cell acute lymphoblastic leukemia.
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GENETIC CLASSIFICATION

Good risk:                                                
ETV6-RUNX1,                       

high hyperdiploidy (51-65)

Intermediate risk:  
TCF3-PBX1,                               

all other cases reclassified
according to CNA

High risk:              
KMT2A (MLL) rearranged,                          

near haploidy/low hypodiploidy
(<40), iAMP21,                                                               

TCF3-HLF,                                                              
complex karyotype

Genetic risk classification: UKALL14 adult trial
(also pediatric UKALL, DCOG, NOPHO, CoALL etc. [ALL-together project, age 1-45 Y])

*CNA, copy number alteration(s) concerning IKZF1, CDKN2A/B, PAX5, EBF1, ETV6, BTG1, RB1, PAR1, ERG
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Fig A2. Schematic representation of the ALL2003 treatment protocol. Regimen A was composed of a three-drug induction—vincristine, dexamethasone, and
asparaginase—followed by consolidation (daily mercaptopurine and weekly intrathecal methotrexate), CNS-directed therapy, interim maintenance (daily mercaptopurine,
weekly methotrexate, monthly vincristine, and corticosteroid pulses), delayed intensification (asparaginase, vincristine, dexamethasone, and doxorubicin), and continuing
therapy (oral mercaptopurine and methotrexate, monthly vincristine and corticosteroid pulses, and intrathecal methotrexate every 3 months). Regimen B patients also
received daunorubicin during induction and Berlin Frankfurt Munster (BFM) consolidation (4 weeks of cyclophosphamide and cytarabine). Regimen C patients received an
additional four doses of vincristine and two doses of pegylated asparaginase during BFM consolidation. Furthermore, regimen C patients received escalating doses of
intravenous methotrexate without folinic acid rescue, and vincristine and pegylated asparaginase as interim maintenance (Capizzi maintainance). CT, continuing therapy;
DI, delayed intensification; IM, interim maintenance; MRD, minimal residual disease; NCI, National Cancer Institute; WCC, white cell count.

ABL-class fusions are composed of patients with rearrangements
involving ABL1, ABL2, PDGFRB, or CSF1R

4) Gene fusions JAK-STAT abnormalities are composed of IGH-CRLF2, PR2Y8-CRLF2, IGH-EPOR, and JAK2 fusions
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ETV6, PAX5, BTG1. ETV6 deletions with a single additional deletion of BTG1, PAX5, and CDKN2A/B.

Intermediate/poor-risk CNA profile: Group B
Any deletion of IKZF1, PAR1, EBF1, or RB1. All other CNA profiles notmentioned above.

2) IKZF1 plus
(Dagdan et al 22)

All other patients with B-other

IKZF1plus: Presence of an IKZF1 deletion and at least one additional deletion of PAX5, CDKN2A\B, or
PAR1 in the absence of an ERG deletion.

Fig A3. Four methods of subclassifying B-other acute lymphoblastic leukemia by genetics. For CDKN2A/B, deletion of either the CDKN2A or CDKN2B probes were
sufficient for the locus to be classified as deleted. For PAX5, intragenic amplifications were coded with the deletions, as they are predicted to be functionally equivalent. A
deletion in the PAR1 region of chromosome X or Y—del(X)(p22.33p22.33)/del(Y)(p11.32p11.32)—results in the loss of the CSF2RA and IL3RA probes, but the retention of
the CRLF2 probe. CNA, copy number alteration.
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Risk stratification
(PIUKALL score)

2Moorman A et al, HemaSphere 2019;3(S1):748-9 (abstr #S1621)

TWO WEIGHTED LOG-TRANSFORMED 
CONTINUOUS VARIABLES
• WBC
• End of induction MRD (PI1, PI2)
TWO WEIGHTED BINARY VARIABLES
• High risk genetics
• Good risk genetics

Excellent outcome on chemo
(N=51, EFS 90%)

High relapse risk with MAC SCT 
(N=53, RR 42%)
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What about the future?

?

?

?

?

⁉Treatment intensity cannot be 
increased
⁉ No new chemo agent
⁉ TRM still high with SCT
⁉ Poor results in older patients
⁉ Prevalence of HR subsets
⁉ Very poor outcome of R/R
⁉ Suboptimal outcome of MRD+



Approach: new targeted therapy frontline

Bassan R, Bourquin J-P, DeAngelo DJ, Chiaretti S. J Clin Oncol 2018 (REVIEW)
See also: Wolach O et al, Br J Haematol 2017; Jabbour E et al, JAMA Oncol 2018 (REVIEWS) 

• Monoclonal antibodies and derivatives (e.g. rituximab [CD20], inotuzumab ozogamicin 
[CD22], blinatumomab [CD19 x CD3]) 

• Chimeric antigen receptor T-cells and NK-cells (CD19, CD20, CD22; CD5, CD7)
• Checkpoint inhibitors (e.g. nivolumab, pembrolizumab [PD1, PD-L1])

Targeting B-/T-cell membrane antigens

ALL cells

Targeting 
proliferation,

apoptosis and 
differentiation 

pathways

• Inhibitors (TKI, 
NOTCH1, BCL2/BCX, 
BCL6, JAK/STAT, 
HDAC, MYC, mTOR, 
PI3K, SYK, MEK, 
MDM2…)

• Agonists (P53,
SMAC-mimetics, …)

• Differentiating agents
(IL-3, M-/GM-CSF)

Targeting
the permissive 
marrow niche

•Inhibitors
(CXCR/CXCL,
NOTCH3/4)

Molecular profiling
• Actionable targets

New drug profiling, PDX models
• Drug sensitivity

• Drug combinations

Dysfunctions related
to abnormal ALL 
genetics and CNA



Questions about randomized trials 

N = 787; 2005 à 2018 (13 Y)N = 1.031; 1993 à 2008 (13 Y)

demonstrated by the significantly reduced relapse rate. This
confirms the original hypothesis of a potential allogeneic effect
and survival benefit therefrom. However, the transplantation-
related mortality for high-risk patients—due to the older age
group—was unacceptably high. Although the size of the improve-
ment in survival for the donor group was not statistically
significantly different between the standard- and high-risk
groups, this much higher mortality rate suggests that the
difference is real. Thus benefit was confined to patients with
standard-risk disease for whom undergoing an allogeneic trans-
plantation demonstrates significant survival advantages over
those undergoing conventional therapy.

For the younger patients with poor risk features, a matched
unrelated donor (MUD) allogeneic transplantation may become a
real option for the future,30-35 ahead of conventional consolidation/
maintenance chemotherapy

Several relatively small, variously designed studies of autologous
transplantation in ALL have been reported.10-13,36 The overall data
suggest that autologous transplantation offers little, if any, antileukemia
benefit over conventional chemotherapy. However, as in no study was
there a worse outcome for autologous transplantation; its short duration
offers a potentially significant benefit. In this large study, the outcome
for autologous transplantation was not equivalent and therefore it cannot
be suggested as the preferred modality.

Adult ALL is a relatively uncommon disorder with perhaps
fewer advances made in the last 2 decades than for other major
hematologic malignancies. It has taken a very large collaborative
study lasting many years to demonstrate the value of a sibling
allograft in this disease and the lack of additional value of an
autograft over conventional consolidation/maintenance chemo-
therapy for those without a donor.

It is not easy to consider how to go forward. The very high remission
rate on the present protocol makes the achievement of a higher
“conventional” remission rate very difficult, and it may be that
interventions that attempt to reduce the amount of MRD are the way
forward. This might potentially be achieved, as in so many other
hematologic disorders, by the addition of monoclonal antibody to
chemotherapy given that both the CD20 and CD22 antigens are variably
expressed in a considerable number of adult ALL patients37

Despite the high transplant-related mortality in older high-risk
patients, the GVL remains the single most potent strategy, and
efforts must be made to reduce the toxicity. There are only rare data
regarding the use of reduced-intensity transplantation conditioning
in ALL.38 Nevertheless, some form of less toxic transplantation
must be studied in this high-risk group of patients.

The toxicity of the induction phases for many adults might be
reduced using pegylated asparaginase39 and perhaps with
the induction of hyper-CVAD (fractionated cyclophosphamide, vincris-
tine, doxorubicin, and dexamethasone)40 or other alternative chemo-
therapy and studying whether delays in treatment that sometimes occur
in the early phases on this protocol can be reduced or abrogated.

Because of the paucity of significant new agents for this disease,
it seems likely that the MUD transplantation as a potential curative
option will be offered to more patients in any new study with a
risk-adapted approach; perhaps an ablative transplantation for
those younger than 40 years without a sibling and a nonablative
approach for those 40 years or older.

Sibling donor allogeneic transplantation is the treatment of
choice for adults with standard-risk ALL in remission providing
the greatest chance for a long-term survival. Autologous trans-
plantation has a less favorable outcome than consolidation/
maintenance chemotherapy for those without a donor.

Figure 5. Overall survival from diagnosis for donor versus no-donor for Ph-negative patients censoring at first remission autologous transplantation. Estimation of
the effect of sibling donor transplant versus chemotherapy in (A) all patients; (B) high-risk patients; and (C) standard-risk patients.
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UKALL XII/ECOG2993

• Superiority of allo-SCT in SR ALL
• Allo-SCT abandoned in SR ALL (MRD-based),

applied in HR ALL (not UKALL-ECOG defined)

• Trial failed
• Hyper-C already used (MDACC), 

inferior results vs. ‘pediatric’ protocols

clearance at day 8 (Data Supplement). Conversely, patients younger
than age 55 years drew no benefit from the hyper-C treatment,
whatever their BM blast clearance was at day 8.

DISCUSSION

We report the results of the GRAALL-2005 trial, which enrolled
a large cohort of 787 adults age18 to 59 years with Ph-negative ALL.
These results are very close to those observed in an updated
analysis of our previous GRAALL-2003 study.3 In these two
consecutive trials, rates of CR were 93.5% and 91.9%; 5-year EFS,
53.0% and 52.2% (Data Supplement); and 5-year OS, 58.6% and

58.5%, respectively. Such achievements compare favorably to
previous adult-type protocols. For instance, in 1,418 adults with
Ph-negative ALL enrolled in the largest Medical Research Council
UKALL XII/ECOG E2993 trial, the OS rate was estimated at 43%
at 5 years.12,13

Better outcomes have been reported repeatedly when using
intensified protocols in younger adults, with 5-year OS rate esti-
mates approaching or even surpassing 60%. The first trials to use
unmodified pediatric protocols included relatively low numbers of
patients and often were limited to selected adolescents and young
adults (AYAs) younger than 40 years of age.2 The largest C10403
trial from the US Intergroup evaluated the pediatric Children’s
Oncology Group regimen in AYAs 16 to 39 years of age.14 With
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Fig 2. Event-free survival (EFS). (A) EFS according to hyperfractionated cyclophosphamide (hyper-C) versus standard cyclophosphamide (standard-C) randomization. EFS
was not significantly higher in the hyper-C arm than in the standard-C arm (hazard ratio [HR], 0.89; 95% CI, 0.72 to 1.09; P = .25). Five-year EFS estimates are listed in Table 1.
(B) EFS according to age subsets. Five-year EFS estimates are listed in Table 2. Patients$ 55 years of age had significantly shorter EFS than those younger than 55 years
(HR, 2.16; 95%CI, 1.66 to 2.82; P, .001); at 5 years, EFS rate estimateswere 25.8% (95%CI, 16.9% to 35.6%) and 55.7% (95%CI, 51.8% to 59.4%), respectively.Within
the latter group, patients age 35 to 54 years had a shorter EFS than those age 18 to 34 years (HR, 1.31; 95%CI, 1.05 to 1.64; P = .019); at 5 years, EFS rate estimates were
52.2% (95% CI, 46.5% to 57.7%) and 58.7% (95% CI, 53.4% to 63.6%), respectively. (C) EFS according to age (, 55 or $ 55 years) and hyper-C versus standard-C
randomization. In the 18 to 54 age range, 5-year EFS rate estimates were 56.5% (95% CI, 51.0% to 61.7%) in the hyper-C versus 54.8% (95% CI, 49.3% to 60.0%) in the
standard-C arm (HR, 0.95; 95% CI, 0.76 to 1.19; P = .66). In patients $ 55 years of age, 5-year EFS rate estimates were 38.0% (95% CI, 23.8% to 52.1%) in the hyper-C
versus 12.0% (95%CI, 4.1% to 24.3%) in the standard-C arm (HR, 0.51; 95%CI, 0.32 to 0.84];P= .007).With respect to each type of EFS event in this older age subset, the
complete remission rate was 82.0% versus 76.7% (P = .61), induction mortality was 18.0% versus 18.6% (P = .99), 5-year cumulative incidence of relapse was 33.3%
(95%CI, 20.8% to 50.5%) versus 45.8% (95%CI, 30.6% to 64.2%; HR, 0.66; 95%CI, 0.31 to 1.38; P= .27), and 5-year cumulative incidence of death in first remissionwas
18.9% (95% CI, 9.4% to 35.8%) versus 36.9% (95% CI, 22.9% to 55.9%; HR, 0.48; 95% CI, 0.20 to 1.18; P = .11) in the hyper-C versus the standard-C arm, respectively.
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Targeting CD20+ ALL (rituximab)
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M.D. Anderson Cancer Center (U.S.)
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• Patients in first CR with MRD ≥10-3: 79% MRD negative with blinatumomab
• Kaplan–Meier curve of RFS after propensity score adjustment using stabilized inverse probability of 

treatment weighting (IPTW)

Blinatumomab (#79) compared to historical SOC (#175)

Blinatumomab for MRD+ Ph-neg BCP-ALL*

*LARGER TRIAL («Blast») IN MRD+ ALL vs. international reference set MRD+ ≥10-3

Goekbuget N et al, ASH 2015; Blood 2017; Hematology 2019; (submitted 2019)



Inotuzumab ozogamicin with/without
blitamumomab and rituximab in elderly ALL

Kantarajian HM et al, Lancet Oncol 2018; Jabbour EJ et al, Cancer 2019

N 52
Age (Y) 68 (64-72)
CR 98%
MRD neg 96%

Attenuated CVD/InO/rituximab Attenuated CVD/InO/blina/ritux

N 58
Age (Y) 68 (60-81)
CR 98%
MRD neg -

INO, mHCVD, Blina vs HCVAD in Older ALL/Jabbour et al

2583Cancer  August 1, 2019

inotuzumab did not affect EFS or OS as much in the 
prematched cohort (P = .486 and P = .559, respectively) 
(see Supporting Figs. 1 and 2). Given the small size of the 
patient sample and the short follow-up, a lower dose of 
weekly inotuzumab in addition of blinatumomab did not 
significantly improve EFS or OS (P = .255 and P = .355, 
respectively) (see Supporting Figs. 3 and 4). With pro-
pensity score matching, the 3-year EFS rates for the 
combination and historical HCVAD cohorts were 64% 
(median not reached) and 34% (median, 15 months), 
respectively (P = .003) (Fig. 2B); and the 3-year OS 
rates were 63% (median not reached) and 34% (median 

17 months), respectively (P = .004) (Fig. 3B). In each  
cohort, only 1 patient (3%) proceeded to allogeneic SCT 
(P = 1.0). After propensity score matching, 11 deaths 
and 30 deaths were observed in the combination and 
HCVAD cohorts, respectively. Eleven deaths in the com-
bination cohort included 4 relapses and 7 deaths in CR 
(2 sepsis, 2 unknown causes, 1 acute myeloid leukemia, 
1 myelodysplastic syndrome, and 1 VOD). Thirty deaths 
in the HCVAD cohort included 11 relapses and 19 deaths 
in CR (10 sepsis, 4 unknown causes, 2 myelodysplastic 
syndrome, 1 SCT-related complication[s], 1 progressive 
deconditioning, and 1 cardiopulmonary arrest).

TABLE 2. Responses and Outcomes Before and After Matching

Prematched Cohorts Matched Cohorts

Mini–HCVD-
INO ± Blina, N = 58 HCVAD, N = 77 P

Mini–HCVD-
INO ± Blina, N = 38 HCVAD, N = 38 P

Response: No./Total No. (%)
CR/CRi/CRp 53/57 (98) 68/77 (88) .037 33/34 (97) 34/38 (90) .361
Early death 0 (0) 6 (8) .030 0 2 (5) .493
Death in CR within 3 mo 3 (5) 13 (17) .032 2 (5) 5 (13) .215

Abbreviations: Blina, blinatumomab; CR, complete response; CRi, complete response without complete hematologic recovery; CRp, complete response 
without platelet recovery; HCVAD, hyperfractionated cyclophosphamide, vincristine, doxorubicin, and dexamethasone; INO, inotuzumab ozogamicin; Mini–
HCVD, mini–hyperfractionated cyclophosphamide, vincristine, and dexamethasone.

Figure 2. Event-free survival (EFS) is illustrated among patients who received hyperfractionated cyclophosphamide, vincristine, 
doxorubicin, and dexamethasone (HCVAD) (blue lines) or mini–hyperfractionated cyclophosphamide, vincristine, and 
dexamethasone (mini-HCVD) plus inotuzumab ozogamicin with or without blinatumomab (INO ± Blina) (red lines) (A) before 
matching and (B) after matching.
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Extraordinary responses in ALL subgroups

BCL2 inhibitor venetoclax



TCF3-HLF ALL

Treatment Follow up leukemia

Control
Venetoclax

Treatment blocks

DEX+VCR
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Concept for TCF3-HLF ALL

VCR i.v. 1.5 mg/m²/dose
max. 2 mg

PEG L-ASP p.i. (2 h) 2500 IU/m²/dose
ONCASPAR® (max. 3750 IU)

DNR p.i. (1 h) 30 mg/m²/dose

MTX i.th.
Age-adjusted dose:
1 to < 2 years: 8 mg
2 to < 3 years: 10 mg 
≥ 3 years: 12 mg

* *

BMP/
MRD

MRD d 14 MRD d33

PRED p.o. 60 mg/m²/day or iv eq

Days 8 22 291 15 33

Venetoclax, DL1 QD p.o.

DEX p.o. 10 mg/m²/day or iv eq

CPM p.i. (1 h) 1000 mg/m²/dose d10

Study entry
d15



Shaping the future
Any ALL 
subset*

BCP ALL 
(unselected)

MoAb’s: 
rituximab/  

ofatumumab
(CD20), 

inotuzumab
(CD22), 

blinatumomab
(CD19), others

(CD123)

CAR T/NK cells: 
CD19, CD20, 
CD22, ROR1

Inhibitors: 
TKI, BCR

(ibrutinib), 
CD4/6, CTLA-4,

proteasome
(carfilzomib),

HDAC, PD-1/PD-
L1, FLT3, BCL2

MoAb’s:
isatuximab

(CD38)

CAR T/NK cells
CD5, CD7

Inhibitors: 
NOTCH1/GS, 

CXCR-4, 
proteasome

Inhibitors:
multiple 

kinase/other 
inhibitors 
(molecular 
profiling)

NOTCH3/4

Agonists:
SMAC mimetics,

PYST1 (p53)

Inhibitors:
multiple 

kinase/other 
inhibitors 
(molecular 
profiling)

*by trial eligibility 

MoAb’s: 
PBD-conjugated

(CD25)

Inhibitors: 
proteasome
(bortezomib/   

ixazomib), TKI,
mTOR, DRD2, 
MDM2, PARP, 
MEK1/2, PI3K, 
SYK, hedgehog, 
CXCR-4, PD-L1

Agonists:
GLIPR1 (p53)

Inhibitors: 
MYC/BET, CDK7

Inhibitors: 
mTOR, PI3K, 

HDAC, Aurora 
kinase A and B

Ph+ ALL

Dual targeted
therapy:

TKI + 
blinatumomab, 
TKI + 
inotuzumab,
TKI + nivolumab,
TKI + ruxolitinib,
TKI + ibrutinib

New TKI: 
ABL001 (ABL1 

myristoyl pocket), 
danusertib

(Aurora kinase
A/B/C )

Inhibitors:
VEGFR (axitinib)

Other:
retinoids

(IKZF1del), cell
differentiation

promoters (IL-3, 
M-/GM-CSF)  

KMT2A+ 
ALL

pre-BCR+,
TCF3-
PBX1+ 

and HLF+
ALL

Ph-like
ALL

B-mature 
ALL 

(Burkitt)

TCP ALL

Inhibitors: 
dasatinib/other
TKI, JAK/STAT

(ruxolitinib)

Inhibitors:
multiple kinase

inhibitors
(molecular
profiling)

Inhibitors: 
CDK4/6

Inhibitors:
BCL2/BCL-XL 
(venetoclax/ 
navitoclax), 

DOT1L, HDAC

Inhibitors: 
CDK4/6

Inhibitors: 
TKI, BCR/BCL6 

(ibrutinib),
PIK3CD 

(idelalisib), BCL2 
(venetoclax in 

TCF3-HLF+)

MoAb’s: 
anti-CD3/7/30,
daratumumab

(CD38)

Inhibitors:
IL-7R, JAK1, 

JAK/STAT
(ruxolitinib: ETP),

FLT3 (ETP),TKI 
(dasatinib: NUP-
ABL1+ and ABL1-

subsets), AKT,
GSK-3

Dissecting ALL heterogeneity
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Hubble’s extreme deep field 13,2 billion light years

Itinerary: today’s end

• Non stop (until 100% are cured)

Thank you:

Tiziano Barbui
Alessandro Rambaldi

(Bergamo)

Robin Foà
Sabina Chiaretti

(Roma)

northernitaly
leukemiagroup GIMEMA


