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ABSTRACT
Survival outcomes for older adults with acute lymphoblastic leukemia
(ALL) are poor and optimal management is challenging due to higherrisk leukemia genetics, comorbidities, and lower tolerance to intensive
therapy. A critical understanding of these factors guides the selection of
frontline therapies and subsequent treatment strategies. In addition,
there have been recent developments in minimal/measurable residual
disease (MRD) testing and blinatumomab use in the context of
MRD-positive disease after therapy. These NCCN Guidelines Insights
discuss recent updates to the NCCN Guidelines for ALL regarding
upfront therapy in older adults and MRD monitoring/testing in response to ALL treatment.
J Natl Compr Canc Netw 2019;17(5):414–423
doi: 10.6004/jnccn.2019.0024

NCCN CATEGORIES OF EVIDENCE AND CONSENSUS
Category 1: Based upon high-level evidence, there is uniform
NCCN consensus that the intervention is appropriate.
Category 2A: Based upon lower-level evidence, there is uniform NCCN consensus that the intervention is appropriate.
Category 2B: Based upon lower-level evidence, there is NCCN
consensus that the intervention is appropriate.
Category 3: Based upon any level of evidence, there is major
NCCN disagreement that the intervention is appropriate.
All recommendations are category 2A unless otherwise
noted.
Clinical trials: NCCN believes that the best management of
any patient with cancer is in a clinical trial. Participation in
clinical trials is especially encouraged.
PLEASE NOTE
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The NCCN Clinical Practice Guidelines in Oncology
(NCCN Guidelines®) are a statement of evidence and consensus
of the authors regarding their views of currently accepted
approaches to treatment. The NCCN Guidelines Insights
highlight important changes in the NCCN Guidelines
recommendations from previous versions. Colored
markings in the algorithm show changes and the
discussion aims to further the understanding of these
changes by summarizing salient portions of the panel’s
discussion, including the literature reviewed.
The NCCN Guidelines Insights do not represent the full
NCCN Guidelines; further, the National Comprehensive
Cancer Network® (NCCN®) makes no representations or
warranties of any kind regarding their content, use, or
application of the NCCN Guidelines and NCCN Guidelines
Insights and disclaims any responsibility for their application
or use in any way.
The complete and most recent version of these
NCCN Guidelines is available free of charge at NCCN.org.
© National Comprehensive Cancer Network, Inc. 2019.
All rights reserved. The NCCN Guidelines and the illustrations
herein may not be reproduced in any form without the
express written permission of NCCN.
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Overview
An important factor in long-term survival of patients with
acute lymphoblastic leukemia (ALL) is their response to
front-line therapy. Relative to treatment outcomes in pediatric and young adult patients with ALL, prolonged survival rates for older adults, especially those aged .60 years,
remain low at approximately 20%.1–3 In Philadelphia
chromosome (Ph)2positive ALL, however, the diﬀerence
in overall survival (OS) and outcomes between older and
younger patients is less than with Ph-negative ALL, due
in part to the availability of well-tolerated, eﬀective oral
BCR-ABL1 tyrosine kinase inhibitor (TKI) therapy.4–10
Current approaches to evaluating older adult patients
with newly diagnosed ALL for treatment include assessment of leukemia genetics, ﬁtness for therapy, and performance status. In particular, older adults are more likely
to have ALL with high-risk genetics, including Ph-positive
disease, MLL rearrangements, or TP53 mutation.11,12 Notably, Ph-like B-ALL, a high-risk subgroup, is also common
in older patients, estimated at 24% in one large series.13
Often superimposed on this high-risk genetic background
is an increased incidence and severity of comorbid
conditions, poor functional status, and lower systemic
and hematopoietic reserve, culminating in higher rates
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of adverse drug interactions and treatment-related death.11
However, these ﬁndings should not be interpreted as an
indication to withhold intensive therapy, but rather stress
the importance of tailoring therapy, as highlighted by the
German Multicenter Study Group for Adult ALL (GMALL).3
Unfortunately, older patients with newly diagnosed ALL often
do not receive chemotherapy or bone marrow transplant,
highlighting the need for guidance in this population.14–17
Minimal/Measurable residual disease (MRD) after
therapy in ALL refers to the presence of leukemic cells
below the threshold of detection using conventional
morphologic methods, and is a strong predictive factor
of outcomes in ALL across all age groups.18–20 Advances
in technology have improved the sensitivity of methods
used for MRD assessment, including multiparametric ﬂow
cytometry, real-time quantitative PCR, and next-generation
sequencing (NGS).21 Given that some older adults with ALL
have lower tolerability for intensive regimens, which may
aﬀect response to therapy and contribute to the presence
of MRD following the initial phases of treatment, there is
a need for agents with reduced toxicity that have potent
antileukemic activity. Blinatumomab, a bispeciﬁc anti-CD3/
CD19 monoclonal antibody, has demonstrated superior
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eﬃcacy compared with chemotherapy in younger and older
adult patients with relapsed/refractory (R/R) ALL,22–24 and
single-arm studies support its role in treating persistent
MRD after upfront therapy.25–27
The NCCN Clinical Practical Guidelines in Oncology
(NCCN Guidelines) for ALL provide recommendations
regarding standard treatment approaches based on current
evidence. These NCCN Guidelines Insights highlight important updates and summarize upfront treatment strategies relating to older adult patients (generally deﬁned as
$60 years) with ALL and discuss the use of MRD testing.
Although the age cutoﬀ for older adults has been set at
65 years in the guidelines, it should be noted that chronologic age alone is not always a reliable surrogate for
determining an individual patient’s ﬁtness for intensive
therapy. Patients should be evaluated on an individual basis
to determine ﬁtness based on factors such as performance
status, comorbidities, and end-organ function.

Upfront Therapy According to Intensity in
Older Adults
Traditionally, induction regimens for adult ALL have
been based on a backbone of vincristine, a corticosteroid,
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and an anthracycline. However, it is important to tailor
treatment to a patient’s ﬁtness to minimize treatmentrelated toxicities and improve clinical outcomes. With
this in mind, during the 2019 update, the NCCN panel
recommended regimens for older adults with ALL according to intensity and included additional regimens
(see ALL-D 7 of 8, opposite page). The categorization of
regimens as low-, moderate-, or high-intensity is based
on 2 factors: (1) the presence or absence of myelosuppressive cytotoxic agents, and (2) the relative dose intensity of the included agents.

Induction Regimens for Ph-Negative ALL
High-Intensity Regimens
The CALGB 8811 trial evaluated a 5-drug induction regimen (vincristine, daunorubicin, prednisone, L-asparaginase,
and cyclophosphamide) as part of an intensive chemotherapy regimen for patients with previously untreated
ALL (N5197; Ph-positive in 29%; age 16–80 years).28
Patients aged $60 years received a dose-adjusted regimen with a prednisone pulse for only 7 days and a
33% reduction of daunorubicin and cyclophosphamide
doses. Among 18 patients aged $60 years, the likelihood
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of complete remission (CR) and 3-year survival was
considerably lower when compared with younger patients, largely due to high induction-related mortality
(50%), contributing to a median OS of 1 month in this
population.28 The CALGB 9111 study evaluated the impact
of adding granulocyte colony-stimulating factor (G-CSF)
on neutrophil recovery after intensive therapy with the
CALGB 8811 regimen (N5198; age 16–83 years).29 Overall,
G-CSF use was associated with signiﬁcantly shorter
duration of severe neutropenia (P,.001) and thrombocytopenia (P5.003), and earlier hospital discharge
(P5.02).29 Among the 41 patients aged $60 years randomized to G-CSF (n521) or placebo (n520), G-CSF use
was associated with lower induction mortality (10% vs
25%); however, this failed to meet statistical signiﬁcance.
The reduction observed with induction mortality was
accompanied by a similarly nonsigniﬁcant increase in
CR rate for those receiving G-CSF (81% vs 55%; P5.1). For
the entire elderly group, median OS was improved to
12 months, but 3-year OS remained poor at 17%.29
The hyper-CVAD regimen (hyperfractionated cyclophosphamide, vincristine, doxorubicin, and dexamethasone) is another commonly used intensive regimen for
adult patients with ALL. A phase II study from MD
Anderson Cancer Center (MDACC) evaluated hyperCVAD in adolescents and adults with previously untreated ALL (N5288; age 15–92 years; Ph-positive in
17%).30 Median OS for all patients was 32 months, and
the 5-year OS rate was 38%. Among 59 patients aged
$60 years, induction mortality was 15% (vs 2% in those
aged ,60 years), culminating in a CR rate of 80%. Notably, this was not associated with an increase in 5-year
OS (17%).30 A subsequent retrospective review from the
same institution suggested that this may have been related to higher rates of death during remission (34%)
relative to younger patients (7%).31
Based on retrospective analyses of data from adults
with B-ALL treated in clinical trials, CD20 positivity
(deﬁned as CD20 expression on .20% of blasts) correlated
with adverse outcomes measured by a higher cumulative
incidence of relapse, decreased CR duration, or decreased
survival.32,33 A phase II study from MDACC evaluated
modiﬁed hyper-CVAD (which included an anthracycline
intensiﬁcation during the second cycle) with or without
rituximab in previously untreated patients with Phnegative B-ALL (N5282; age 13–83 years).34 Patients
with CD20-positive B-ALL treated with hyper-CVAD and
rituximab experienced improved outcomes relative to
historical controls, with a 3-year CR duration and OS
rates of 67% and 61%, respectively.34 Notably, older
patients (aged $60 years) with CD20-positive disease
demonstrated higher rates of MRD negativity with the
inclusion of rituximab; however, this did not translate
into a survival beneﬁt, again largely due to increased
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mortality in CR. It is worth noting that this high rate of
death in CR for older patients may relate to anthracycline
intensiﬁcation as opposed to inclusion of rituximab.35

Moderate-Intensity Regimens
In an eﬀort to decrease toxicity, the GRAALL-SA1 study
compared the eﬃcacy and toxicity of pegylated liposomal doxorubicin (Peg-Dox) to continuous-infusion
doxorubicin (CI-Dox) in elderly patients (age $55 years)
with ALL.36 In this moderate-intensity regimen containing
vincristine, dexamethasone, and cyclophosphamide, patients were randomized to receive either CI-Dox (n531;
12 mg/m2/d) or Peg-Dox (n529; 40 mg/m2).36 Compared
with the CI-Dox arm, Peg-Dox was signiﬁcantly associated with reduced toxicity and fewer infections, but no
survival beneﬁt was seen: the induction mortality rate
was 8% (7% for CI-Dox vs 10% for Peg-Dox), the frequency of refractory disease after induction was 10% (3%
for CI-Dox vs 17% for Peg-Dox; P5.10), and the CR rate
was 82% (90% for CI-Dox vs 72% for Peg-Dox; P5.10).36
At 2 years, the estimated incidence of death during CR
was 26.5% (37% for CI-Dox vs 19% for Peg-Dox), and the
OS and event-free survival (EFS) rates were statistically
similar at 35% and 24% in the CI-Dox and Peg-Dox arms,
respectively.36
In a prospective trial, GMALL evaluated the eﬃcacy
of moderate-intensity regimens in older adult patients
with Ph-negative ALL (N5268; age 55–85 years).37 A
major ﬁnding from this study included the importance
of ECOG performance status (PS) before onset of ALL
(ECOGb) in predicting induction mortality. ECOGb PS
$2 correlated with higher induction mortality rates
compared with ECOGb PS 0 to 1 (53% vs 7%, respectively;
P,.0001).37 In addition, the study showed that consolidation with native Escherichia coli (E. coli) asparaginase
and pegylated asparaginase was feasible and well tolerated, and was associated with improvements in CR
rates and 2-year OS in this older patient subset.37
ALLOLD07, a phase II prospective study in older
patients with Ph-negative ALL conducted by the Spanish
PETHEMA group (N556; age 56–79 years),38,39 was based
on a protocol from the European Working Group for
Adult ALL (EWALL). Treatment comprised a 4-week
induction with dexamethasone, vincristine, idarubicin,
cyclophosphamide, and cytarabine, followed by consolidation with intermediate-dose methotrexate and
native E coli asparaginase. The CR rate was 74%, with an
early death rate of 13%, and median disease-free survival
(DFS) was 8 months, with a median OS of 12 months. This
group studied other adapted regimens for Ph-positive
ALL and mature B-ALL, but the outcomes were poorest in
the Ph-negative ALL group.39
A retrospective analysis examined the eﬃcacy of
a modiﬁed version of a Dana-Farber Cancer Institute
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(DFCI) pediatric protocol, DFCI 91-01,40,41 in adult patients
with newly diagnosed ALL (N551; age 60–79 years).42
Induction consisted of dexamethasone (in place of
prednisone), doxorubicin, cytarabine, and reduced doses
of methotrexate, vincristine, and native asparaginase. For
patients who achieved CR, median time to recurrence
was 30 months (range, 1–94 months).42 In patients with
Ph-negative disease (n535), the CR rate was 71%, with
induction mortality and primary refractory rates of
20% and 9%, respectively.42 The 5-year DFS rate among
those achieving CR was 57.4% (95% CI, 32.8%–75.8%),
whereas the overall estimated 5-year OS was 40.5%
(95% CI, 20.0%–60.2%).42

Low-Intensity Regimens
For older adult patients with ALL who may also have
multiple comorbidities, the utility of traditional chemotherapy backbones based on vincristine, corticosteroids, and an anthracycline is limited largely due to
treatment-related toxicities.17 Attempts to identify optimal therapy in this population have included adaptations of palliative regimens including vincristine and
corticosteroids, and POMP (6-mercaptopurine, vincristine, methotrexate, and prednisone).43–46 Although these
regimens are unlikely to generate cure, they can palliate
the disease and extend survival, with clinical outcomes
similar to those achieved with more intensive protocols.
It is important to note that older adults with ALL and
multiple comorbidities have not typically qualiﬁed for
clinical trials. To improve clinical outcomes, trials designed
speciﬁcally for this population are needed, and should
include novel, personalized approaches based on
immunophenotype and/or genetic mutation status.

Induction Regimens for Ph-Positive ALL
High-Intensity Regimens
Building on the success of the hyper-CVAD regimen,
successive studies from the MDACC group incorporated
TKIs into this backbone, beginning with the ﬁrst-generation
TKI imatinib and followed by the second- and thirdgeneration TKIs dasatinib and ponatinib, respectively,
to explore their eﬃcacy in Ph-positive ALL. The initial
trial with imatinib and hyper-CVAD in patients with
previously untreated or minimally treated ALL (n554;
age 17–84 years) demonstrated a 3-year OS rate of 54%.9
In a study evaluating the eﬃcacy of dasatinib combined
with hyper-CVAD in patients with previously untreated
Ph-positive ALL (N535; age 21–79 years [11 patients aged
$60 years]), the 2-year OS and EFS rates were 64% and
57%, respectively.47 A phase II trial examined the eﬃcacy
and safety of ponatinib, a TKI with activity against the
T315I mutation in BCR-ABL1, combined with hyperCVAD in patients with Ph-positive ALL (N537; age,
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$18 years [12 patients aged $60 years]).5 Of the 32 patients with Ph-positive metaphases at the start of therapy,
an overall complete cytogenetic response was observed
in all (100%).5 However, it is worth noting that only half
of the patients aged $60 years were able to complete
therapy with this regimen, and were switched to alternate TKIs. The 2-year OS and EFS rates were 80% and
81%, respectively.5

Moderate-Intensity Regimens
Several completed studies evaluating the eﬃcacy of TKIs
combined with multiagent chemotherapy in patients
with previously untreated ALL have shown improved outcomes, particularly when treatment was followed by allogeneic hematopoietic stem cell transplantation (HCT).48–50
In a subgroup of patients with Ph-positive ALL (n594; age
19–66 years) from the Northern Italy Leukemia Group
protocol 09/00, outcomes were compared between patients who received chemotherapy with imatinib (n559)
or without imatinib (n535), with or without subsequent
transplant.48 Patients who received imatinib had significantly higher 5-year OS (38% vs 23%; P5.009) and DFS
rates (39% vs 25%; P5.044) compared with those who did
not receive imatinib.48 The 5-year OS rates by treatment
type were 47% for allogeneic HCT (n545), 67% for autologous HCT (n59), 30% for imatinib without HCT
(n515), and 7% for no imatinib and no HCT (n513).
The corresponding treatment-related mortality rates were
17%, 0%, 36%, and 23%, respectively.48 A multicenter
phase II study by Kim et al51 evaluated the impact of
multiagent chemotherapy combined with nilotinib followed by transplant in patients with newly diagnosed
Ph-positive ALL (n590; age 17–71 years). Nilotinib
was combined with chemotherapy during induction,
consolidation, and maintenance phases. Of 90 evaluable
patients, 82 (91%) experienced complete hematologic
remission, and the 2-year hematologic relapse-free survival
(RFS) and OS rates were both 72%.51
The EWALL-PH-02 study also evaluated the eﬃcacy
and safety of nilotinib with multiagent chemotherapy in
older patients with Ph-positive ALL (n579 [72 evaluable];
age 55285 years).7 The CR rate was 94.4% and MRD
response (BCR-ABL1/ABL1 ratio #0.1%) increased from
41% after induction to 86% after consolidation 2. At
4 years, the EFS and OS rates were 42% and 47%, respectively. Using landmark analyses with median time
to transplant as a cutoﬀ, the 4-year OS rate was 61% in
patients who underwent allogeneic HCT.
Low-Intensity Regimens
Excellent treatment outcomes have been observed using
low-intensity regimens in patients with Ph-positive
ALL. In the multicenter EWALL-PH-01 study, induction
therapy with dasatinib combined with vincristine and
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dexamethasone was evaluated in older patients with
Ph-positive ALL (n571; age 58–83 years). The CR rate
after induction was 96% and MRD response (BCR-ABL1/
ABL1 ratio #0.1%) occurred in 65% of patients.8 At
3 years, RFS, EFS, and OS were 33% (95% CI, 22%–44%),
31% (95% CI, 21%–42%), and 41% (95% CI, 29%–52%),
respectively.8 At 5 years, the cumulative incidence of
relapse was 54% (95% CI, 42%–66%). These studies
suggest that the use of TKIs, either alone or in combination with less intensive therapies (eg, corticosteroids 6
vincristine), may provide an alternative treatment option
for older patients with Ph-positive ALL for whom intensive regimens are not appropriate.
The provocative randomized GRAAPH 2005 trial
examined the impact of treatment intensity during the
induction phase in younger adult patients with ALL
(n5268; age ,60 years) using high-dose imatinib combined
with vincristine and dexamethasone (arm A) or hyperCVAD (arm B).52 Surprisingly, a reduction in treatment
intensity during the induction phase resulted in improved overall response rates largely due to reductions in
treatment-related toxicities.52 The impact of these data
may extend to patients aged .60 years and these ﬁndings
are likely to inform further studies in this population,
although optimization of therapy beyond induction is
under clinical investigation.
Some other low-intensity approaches include TKIs 6
corticosteroids. In a study that randomly assigned older
patients with Ph-positive ALL (N555; age 54–79 years) to
induction therapy with imatinib versus chemotherapy
alone, followed by imatinib-containing consolidation
therapy, the estimated 2-year OS rate was 42%; no signiﬁcant diﬀerence was observed between induction
treatment arms.53 Median OS was numerically higher
(but not statistically signiﬁcant) among patients who
received imatinib induction compared with those randomized to chemotherapy induction (23.5 vs 12.3 months).
However, the incidence of severe adverse events was
signiﬁcantly lower with imatinib induction (39% vs 90%;
P5.005), suggesting that induction therapy with imatinib
may be better tolerated than chemotherapy in older
patients with Ph-positive ALL.53
A phase II study by GIMEMA (LAL0201-B) evaluated
imatinib combined with corticosteroids in older patients
with Ph-positive ALL (n529 evaluable; age 61–83 years).54
Patients received imatinib in combination with prednisone for induction. The estimated 1-year DFS and OS
rates were 48% and 74%, respectively, and median OS
was 20 months.54 In a separate study from GIMEMA
(LAL1205), patients with Ph-positive ALL (n553 evaluable; age 23.8–76.5 years) received induction therapy
with dasatinib and prednisone.4 Postinduction therapy
included no further therapy (n52), TKI only (n519), TKI
combined with chemotherapy (n510) 6 autologous HCT
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(n54), or allogeneic HCT (n518). All patients experienced a CR after induction therapy. Median OS was
31 months and median DFS (calculated from day 185)
was 21.5 months. At 20 months, the OS and DFS rates
were 69% and 51%, respectively.4

MRD Management
The most frequently used methods for MRD quantiﬁcation
include multiparameter ﬂow cytometry (eg, 6-color or
higher) to detect leukemia-associated immunophenotypes,
PCR assays to detect fusion genes (eg, BCR-ABL1), and
NGS-based assays to detect clonal rearrangements in
immunoglobulin and/or T-cell receptor genes (see ALL-F,
page 417).55–62 Assays to detect alternative leukemiaspeciﬁc fusion genes speciﬁcally using NGS (as opposed to
PCR) are also in development, but are not recommended
for MRD quantiﬁcation outside the context of a clinical trial.
The NCCN panel acknowledged the recent FDA approval
of an NGS-based MRD test based on quantiﬁcation of
immunoreceptor genes in patients with ALL, but panel
members agreed that both multiparameter ﬂow cytometry
or this FDA-approved NGS approach are suitable methods
for MRD quantiﬁcation.
Current multiparameter ﬂow cytometry methods
can detect leukemic cells at a sensitivity threshold of
,1024 (,0.01%) bone marrow mononuclear cells (MNCs),
and PCR/NGS methods can detect leukemic cells at a
sensitivity threshold of ,1026 (,0.0001%) bone marrow
MNCs.56,58,61,62 The concordance rate for quantifying MRD
between these methods is generally high at disease burdens
1024 (.0.01%), but NGS is able to detect MRD at lower
thresholds.57,59,62–66 After discussing available data, the
NCCN panel revised the text to reﬂect the sensitivity levels
of both methods (see ALL-F, page 417). The combined
or tandem use of both methods would allow for MRD
monitoring in all patients, thereby avoiding potential falsenegative results.58,64,67 However, this practice could lead to
an increase in cost without a clear directive in terms of
modiﬁcation of treatment. Complementary to this point,
the panel added language to indicate that the frequency of
serial monitoring of MRD could be increased in patients
with molecular relapse or persistent low-level disease
burden (see ALL-F, page 417).68

MRD Persistence and Blinatumomab
Blinatumomab ﬁrst showed promising clinical eﬃcacy as
a means of eradicating persistent MRD after up-front
chemotherapy. In a multicenter, single-arm phase II
study, Topp et al27 evaluated the eﬃcacy of blinatumomab in patients with MRD-positive Ph-negative B-ALL
(N521; age 20–77 years). Patients were considered MRDpositive if they had never achieved MRD negativity before blinatumomab or had experienced a hematologic
CR with MRD $1024. After blinatumomab treatment,
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16 of 20 evaluable patients were determined to be MRDnegative at a detection threshold of 1024.27 After a median
follow-up of 33 months, the hematologic RFS of the
evaluable cohort was 61%.26 Gökbuget et al25 examined the
eﬃcacy of blinatumomab in an expanded cohort (N5116)
using a higher threshold for MRD positivity (hematologic
CR with MRD $1023). After one 28-day cycle of blinatumomab, 88 of 113 evaluable patients achieved a complete
MRD response, and the RFS rate at 18 months was 54%.25 In
both of these trials, most patients achieving MRD negativity
after blinatumomab proceeded to allogeneic HCT, establishing blinatumomab as an eﬀective “bridge to transplant”
in MRD-positive patients. Subsequent studies of blinatumomab evaluated its ability to induce CR (including rapid
MRD-negative responses) in patients with R/R B-precursor
ALL.24,69,70 In March 2018, the FDA approved blinatumomab for the treatment of adult and pediatric patients with
B-cell precursor ALL in ﬁrst or second CR with MRD deﬁned as disease $0.1%.
Consolidation therapy in ALL typically uses multiagent chemotherapy with consideration of allogeneic
HCT when feasible. Emerging data suggest that blinatumomab therapy can potentially minimize the exposure
of older patients with ALL to intensive chemotherapy and
treatment related2toxicities. In a study evaluating the
eﬃcacy of blinatumomab in adults with R/R ALL (n536),
hematologic response rates and incidence of grade $3
adverse events were similar between younger (,65 years)
and older ($65 years) adults, although the incidence of
reversible grade $3 neurologic events was higher in older
adults.22 In older adults, high transplant-related mortality rates may preclude the use of this modality,71 and
there is a need for decreased-intensity chemotherapy
approaches that maintain antileukemic activity while
decreasing treatment-related morbidity.11 Blinatumomab may be well-suited to achieving this goal and is a
subject of ongoing clinical trials.

NCCN Recommendations
For ﬁt older adult patients with ALL, the NCCN panel
recommends treatment in a clinical trial, when possible.
Other initial treatment approaches depend on the
patient’s age, PS, and presence of comorbid conditions. For
patients with Ph-negative ALL, treatment options include multiagent chemotherapy or palliative corticosteroids.
Patients experiencing a CR after induction should be
monitored for persistent MRD to identify potential candidates for blinatumomab. If the MRD status is negative
or unavailable, consolidation with chemotherapy and
maintenance therapy is recommended. For patients with
Ph-positive ALL, treatment options include a TKI with
corticosteroids and/or chemotherapy. In patients experiencing a CR after induction, MRD assessment should be
performed before consolidation therapy with a TKI alone
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or combined with corticosteroids and/or chemotherapy.
In Ph-positive ALL, postconsolidation maintenance TKI
therapy is recommended. It is generally recommended
that initial MRD assessment be performed on completion
of induction; however, the timing of additional time points
for MRD evaluation should be guided by the treatment
protocol used.72 In all cases, dose modiﬁcations may be
required for chemotherapy agents as needed.
Treatment regimens should include adequate central nervous system prophylaxis for all patients, and a
given treatment protocol should be followed in its entirety, from induction therapy to consolidation/delayed
intensiﬁcation to maintenance therapy. Consolidation
with allogeneic reduced-intensity HCT may be considered if the patient is MRD-positive or has high-risk
cytogenetic features. Other transplant considerations
include PS, donor availability, and transplant center expertise in treating older patients. The optimal timing of
HCT is unclear, although early transplant is preferred to
avoid cumulative toxicities of the treatment regimen and
to lessen risk of relapse before transplant. For ﬁt patients,
additional therapy should be considered to eliminate
MRD before transplant. Blinatumomab may be particularly eﬀective and well-tolerated in this setting. When
patients experience less than a CR after induction, they
should be managed as R/R disease.

Conclusions
Prognosis remains poor among older adults with B-ALL,
and management is challenging in this patient population. Advances in therapeutic approaches, including
more reﬁned diagnostic approaches to genetic analyses,
MRD assessments, and tailored therapeutic regimens,
have contributed to improvements in survival. Use of
lower and moderately intensive regimens and blinatumomab (in B-ALL) may allow older patients to receive
therapy for longer durations, with the potential for
prolonged OS with fewer toxicities. Independent of
therapeutic approach, MRD quantiﬁcation has emerged
as a strong prognostic marker for relapse, and importantly, may be actionable with the use of blinatumomab
and transplant. Several ongoing national trials are investigating strategies that incorporate targeted immunotherapies, including blinatumomab and inotuzumab
ozogamicin, in upfront regimens for older patients with
ALL. Emerging data suggest that Ph-like ALL is also
prevalent in older adults,13,73 and therefore future studies
are needed to determine the utility of TKIs and novel
therapies in this setting.

To participate in this journal CE activity, go to
https://education.nccn.org/node/85609

421

CE

NCCN GUIDELINES® INSIGHTS

Acute Lymphoblastic Leukemia, Version 1.2019

References
1.

2.
3.

4.

5.

6.

7.

8.

9.

10.

11.
12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

422

Geyer MB, Hsu M, Devlin SM, et al. Overall survival among older US adults
with ALL remains low despite modest improvement since 1980: SEER
analysis. Blood 2017;129:1878–1881.
Pulte D, Jansen L, Gondos A, et al. Survival of adults with acute lymphoblastic
leukemia in Germany and the United States. PLoS One 2014;9:e85554.
Wermann WK, Viardot A, Kayser S, et al. Comorbidities are frequent in
older patients with de novo acute lymphoblastic leukemia (ALL) and
correlate with induction mortality: analysis of more than 1200 patients
from GMALL data bases [abstract]. Blood 2018;132(Suppl 1):Abstract 660.
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Ladetto M, Brüggemann M, Monitillo L, et al. Next-generation sequencing and real-time quantitative PCR for minimal residual disease
detection in B-cell disorders. Leukemia 2014;28:1299–1307.
Short NJ, Jabbour E, Albitar M, et al. Recommendations for the assessment and management of measurable residual disease in adults with
acute lymphoblastic leukemia: A consensus of North American experts.
Am J Hematol 2019;94:257–265.
Stow P, Key L, Chen X, et al. Clinical signiﬁcance of low levels of minimal
residual disease at the end of remission induction therapy in childhood
acute lymphoblastic leukemia. Blood 2010;115:4657–4663.
Wood B, Wu D, Crossley B, et al. Measurable residual disease detection
by high-throughput sequencing improves risk stratiﬁcation for pediatric
B-ALL. Blood 2018;131:1350–1359.
Logan AC, Zhang B, Narasimhan B, et al. Minimal residual disease
quantiﬁcation using consensus primers and high-throughput IGH sequencing predicts post-transplant relapse in chronic lymphocytic
leukemia. Leukemia 2013;27:1659–1665.
Neale GA, Coustan-Smith E, Stow P, et al. Comparative analysis of ﬂow
cytometry and polymerase chain reaction for the detection of minimal
residual disease in childhood acute lymphoblastic leukemia. Leukemia
2004;18:934–938.
Wu D, Emerson RO, Sherwood A, et al. Detection of minimal residual
disease in B lymphoblastic leukemia by high-throughput sequencing of
IGH. Clin Cancer Res 2014;20:4540–4548.
Wu D, Sherwood A, Fromm JR, et al. High-throughput sequencing detects minimal residual disease in acute T lymphoblastic leukemia. Sci
Transl Med 2012;4:134ra63.
Kerst G, Kreyenberg H, Roth C, et al. Concurrent detection of minimal
residual disease (MRD) in childhood acute lymphoblastic leukaemia by
ﬂow cytometry and real-time PCR. Br J Haematol 2005;128:774–782.
Pemmaraju N, Kantarjian H, Jorgensen JL, et al. Signiﬁcance of recurrence
of minimal residual disease detected by multi-parameter ﬂow cytometry
in patients with acute lymphoblastic leukemia in morphological remission.
Am J Hematol 2017;92:279–285.
Kantarjian H, Stein A, Gökbuget N, et al. Blinatumomab versus chemotherapy for advanced acute lymphoblastic leukemia. N Engl J Med 2017;
376:836–847.
Topp MS, Gökbuget N, Zugmaier G, et al. Phase II trial of the anti-CD19
bispeciﬁc T cell-engager blinatumomab shows hematologic and molecular remissions in patients with relapsed or refractory B-precursor acute
lymphoblastic leukemia. J Clin Oncol 2014;32:4134–4140.
Wolach O, Stevenson KE, Wadleigh M, et al. Allogeneic transplantation is
not superior to chemotherapy in most patients over 40 years of age with
Philadelphia-negative acute lymphoblastic leukemia in ﬁrst remission. Am
J Hematol 2016;91:793–799.
Campana D. Minimal residual disease in acute lymphoblastic leukemia.
Hematology Am Soc Hematol Educ Program 2010;2010:7–12.
Tasian SK, Hurtz C, Wertheim GB, et al. High incidence of Philadelphia
chromosome-like acute lymphoblastic leukemia in older adults with
B-ALL. Leukemia 2017;31:981–984.

423

