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Abstract
The prognosis for patients with newly diagnosed acute lymphoblastic leukemia (ALL) has improved with the use of more intensive 
chemotherapy regimens, tyrosine kinase inhibitors, targeted agents, and allogeneic hematopoietic cell transplantation. However, 
the management of relapsed or refractory (R/R) ALL remains challenging and prognosis is poor. The NCCN Guidelines for ALL pro-
vide recommendations on standard treatment approaches based on current evidence. These NCCN Guidelines Insights summarize 
treatment recommendations for R/R ALL and highlight important updates, and provide a summary of the panel’s discussion and 
underlying data supporting the most recent recommendations for R/R ALL management. 
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NCCN: Continuing Education
Target Audience:  This activity is designed to meet the educa-
tional needs of physicians, nurses, and pharmacists involved in 
the management of patients with cancer.

Accreditation Statement
Physicians: National Comprehensive Cancer Network is accredited 
by the Accreditation Council for Continuing Medical Education 
(ACCME) to provide continuing medical education for physicians.

NCCN designates this journal-based CE activity for a maximum 
of 1.0 AMA PRA Category 1 Credit™. Physicians should claim 
only the credit commensurate with the extent of their partici-
pation in the activity.

Nurses: National Comprehensive Cancer Network is accredited 
as a provider of continuing nursing education by the American 
Nurses Credentialing Center`s Commission on Accreditation. 

NCCN designates this educational activity for a maximum of 
1.0 contact hour. 

Pharmacists:  National Comprehensive Cancer Network is 
accredited by the Accreditation Council for Pharmacy Edu-
cation as a provider of continuing pharmacy education. 

NCCN designates this knowledge-based continuing education 
activity for 1.0 contact hour (0.1 CEUs) of continuing education 
credit. UAN: 0836-0000-17-009-H01-P

All clinicians completing this activity will be issued a certificate 
of participation. To participate in this journal CE activity: 1) re-
view the educational content; 2) take the posttest with a 66% 
minimum passing score and complete the evaluation at http://
education.nccn.org/node/81547; and 3) view/print certificate.

Release date: September 10, 2017; Expiration date: September 
10, 2018

Learning Objectives: 
Upon completion of this activity, participants will be able to: 

•  Integrate into professional practice the updates to the 
NCCN Guidelines for Acute Lymphoblastic Leukemia

•   Describe the rationale behind the decision-making  
process for developing the NCCN Guidelines for  
Acute Lymphoblastic Leukemia

This activity is supported by educational grants from Astellas, AstraZeneca, Celldex Therapeutics, Clovis Oncology, Genomic Health, Inc., Kyowa Hakko 
Kirin, Jazz Pharmaceuticals, Novartis Pharmaceuticals Corporation, and NOVOCURE. This activity is supported by an independent educational grant 
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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 appro-
priate.

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 
for any patient with cancer is in a clinical trial. Participa-
tion in clinical trials is especially encouraged.

Version 1.2017 © National Comprehensive Cancer Network, Inc. 2017, All rights reserved. The NCCN Guidelines® and this illustration may not be reproduced in any form without the express written 
permission of NCCN®.

ALL-9

ddIsolated extramedullary relapse (both CNS and testicular) requires systemic therapy to prevent relapse in marrow.
eeSee NCCN Guidelines for Palliative Care.
ffSee Treatment Options Based on BCR-ABL1 Mutation Profile (ALL-D 3 of 5).
ggSee Principles of Systemic Therapy (ALL-D 3 of 5). 
hhFor patients with relapsed disease after allogeneic HCT, a second allogeneic HCT and/or donor lymphocyte infusion (DLI) can be considered.
iiFor patients in late relapse (>3 years from initial diagnosis), consider treatment with the same induction regimen (See ALL-D 2 of 5).

RELAPSED/REFRACTORY DISEASE TREATMENT

Relapsed/
refractorydd,ee

Ph+ ALL 
(AYA & 
Adult)

Ph- ALL 
(AYA & 
Adult)

Clinical trial
or 
TKI ± chemotherapygg ± HCThh 
or TKI ± corticosteroidsgg ± HCThh
or
Blinatumomab (after failure of 2 TKIs)

ABL1 kinase 
domain 
mutation 
testingff

Clinical trial
or 
Chemotherapygg,ii ± HCThh
or
Blinatumomab (category 1)

Overview
Acute lymphoblastic leukemia (ALL) is a heteroge-
neous hematologic disease characterized by the pro-
liferation of immature lymphoid cells in the bone 
marrow, peripheral blood, and other organs.1 The 
US age-adjusted incidence rate of ALL is 1.58 per 
100,000 individuals per year,2 with approximate-
ly 5,970 new cases and 1,440 deaths estimated in 
2017.3 Risk factors for developing ALL include older 
age (>70 years), exposure to chemotherapy or ra-
diation therapy, and genetic disorders, particularly 
Down syndrome.4,5 Although rare, other genetic 
conditions have been categorized as a risk factor 
for ALL and include neurofibromatosis,6 Klinefelter 
syndrome,7–9 Fanconi anemia,10,11 Shwachman-Dia-
mond syndrome,12,13 Bloom syndrome,14 and ataxia 
telangiectasia.15

Cure rates and survival outcomes for patients 
with ALL have improved dramatically over the 
past several decades, primarily among children.16 
Improvements are largely owed to advances in the 
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ALL-D
3 OF 5

PRINCIPLES OF SYSTEMIC THERAPY (3 of 5)

aAll regimens include CNS prophylaxis with systemic therapy (eg, methotrexate, cytarabine, 6-mercaptopurine) and/or IT therapy (eg, IT methotrexate, IT cytarabine; triple IT therapy with 
methotrexate, cytarabine, corticosteroid).

gThe safety of relapsed/refractory regimens in older adults (≥65) has not been established. Please see ALL-E 5 of 5 for additional information. 
hPonatinib has activity against T315I mutations and is effective in treating patients with resistant or progressive disease on multiple TKIs. However, it is associated with a high frequency 

of serious vascular events (eg, strokes, heart attacks, tissue ischemia). The FDA indications are for the treatment of adult patients with T315I -positive Philadelphia chromosome-positive 
acute lymphoblastic leukemia (Ph+ ALL) and for the treatment of adult patients with Ph+ ALL for whom no other TKI therapy is indicated. For details, see http://www.accessdata.fda.gov/
drugsatfda_docs/label/2013/203469s007s008lbl.pdf.

iBlinatumomab may cause severe, life-threatening, or fatal adverse events, including cytokine release syndrome and neurologic toxicities. Understanding of the risk evaluation and 
mitigation strategy (REMS) program and/or experience in the use of the drug as well as resources to monitor the patient closely are essential. It is important that the instruction for 
blinatumomab product preparation (including admixing) and administration are strictly followed to minimize medication errors, including underdose and overdose. For details, see http://
www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.DrugDetails. 

References (ALL-D 4 of 5)

REGIMENS FOR RELAPSED OR REFRACTORY ALLa,g

Ph-positive ALL:
• Dasatinib27,28

• Imatinib29

• Ponatinib30,h

• Nilotinib31

• Bosutinib32

• Blinatumomab (after failure of 2 TKIs)33

• The TKIs noted above may also be used in combination with any of the 
induction regimens noted on ALL-D 1 of 5 that were not previously given.

• MOpAD regimen (category 2B): methotrexate, vincristine, pegaspargase, dexamethasone; with rituximab for CD20-positive disease and TKI.34

• The regimens listed below for Ph-negative ALL may be considered for Ph-positive ALL refractory to TKIs.
Ph-negative ALL:
• Blinatumomab (for B-ALL) (category 1)35,i

• Cytarabine-containing regimens36

• Alkylator combination regimens37

• Nelarabine (for T-ALL)38

• Augmented hyper-CVAD: hyper-fractionated cyclophosphamide, intensified vincristine, doxorubicin, intensified dexamethasone, and 
pegaspargase; alternating with high-dose methotrexate and cytarabine39

• Vincristine sulfate liposome injection (VSLI)40,41

• Clofarabine-containing regimens (for B-ALL)42,43 
• MOpAD regimen: methotrexate, vincristine, pegaspargase, dexamethasone; with rituximab for CD20-positive disease.34 

TREATMENT OPTIONS BASED ON BCR-ABL1 MUTATION PROFILE
Mutation Treatment Recommendation

Y253H, E255K/V, or F359V/C/I Dasatinib
F317L/V/I/C, T315A, or V299L Nilotinib
E255K/V, F317L/V/I/C, F359V/C/I, 
T315A, or Y253H

Bosutinib

T315I Ponatinib

understanding of the molecular genetics and patho-
genesis of ALL, the incorporation of risk-adapted 
therapy, the advent of new targeted agents, and the 
use of allogeneic hematopoietic cell transplantation 
(HCT). However, the treatment of patients who ex-
perience relapse after initial therapy remains a chal-
lenge. Several large studies using conventional che-
motherapy for relapsed adult patients have reported 
a median overall survival (OS) of 4.5 to 6.0 months 
and a 5-year OS rate of 3% to 10%.17–20 These poor 
outcomes have inspired clinical trials with novel 
tyrosine kinase inhibitors (TKIs; for Philadelphia 
chromosome [Ph]–positive ALL), targeted agents, 
and immunotherapies, fundamentally changing the 
treatment landscape for those with relapsed/refrac-
tory (R/R) ALL.21,22

The NCCN Clinical Practical Guidelines in On-
cology (NCCN Guidelines) for ALL provide recom-
mendations on standard treatment approaches based 
on current evidence. The NCCN Panel updates the 
guidelines annually, with additional interim updates 

as needed. These NCCN Guidelines Insights high-
light important updates and summarize treatment 
recommendations for R/R ALL, along with the panel 
discussion of relevant supporting data.

Updates to the Treatment of  
R/R Ph-Positive ALL
Tyrosine Kinase Inhibitors
The emergence of resistance poses a challenge for 
patients relapsing after initial treatment with TKI-
containing regimens. Point mutations within the 
ABL kinase domain and alternative signaling path-
ways mediated by the SRC family kinase have been 
implicated as mechanisms of resistance.23–25 The for-
mer has been identified in a large proportion of pa-
tients who experience disease recurrence after ima-
tinib-containing therapy.26,27 Moreover, ABL kinase 
domain mutations may be present in a small group of 
imatinib-naïve patients even before initiation of any 
TKI therapy.28,29 
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Dasatinib and nilotinib are second-generation 
TKIs that have shown greater potency in inhibit-
ing BCR-ABL compared with imatinib and in the 
retention of antileukemic activity in cells with cer-
tain imatinib-resistant ABL mutations.30–33 Both 
TKIs have been evaluated as single-agent therapy 
in patients with Ph-positive ALL resistant to ima-
tinib.34–36 Dasatinib in combination with the hyper-
CVAD regimen (hyperfractionated cyclophospha-
mide, vincristine, doxorubicin, and dexamethasone) 
was investigated in a phase II trial that included pa-
tients with Ph-positive relapsed ALL (n=19) and 
lymphoid blast phase (BP) chronic myelogenous 
leukemia (CML) (n=15).37 An overall response rate 
(ORR) of 91% was obtained with 26 patients (84%) 
achieving complete cytogenetic remission, 13 (42%) 
experiencing complete molecular response, and 11 
(35%) experiencing a major molecular response; 9 
patients went on to receive allogeneic HCT, includ-
ing 2 with ALL. In those with relapsed ALL, 30% 
remained in complete remission (CR) at 3 years with 
a 3-year OS of 26%. At the median follow-up of 52 
months (range, 45–59 months), 2 patients (11%) 
with ALL were still alive.

Bosutinib, a second-generation TKI that acts as 
a dual inhibitor of BCR-ABL and SRC family kinas-
es,38,39 was FDA-approved in September 2012 for the 
treatment of chronic phase, accelerated phase (AP), 
or BP Ph-positive CML in adult patients with resis-
tance to prior TKI treatment based on an open-la-
bel, multicenter, phase I/II trial.39 Efficacy and safety 
analyses of bosutinib monotherapy included patients 
with advanced leukemia (AP CML: n=79, BP CML: 
n=64, or ALL: n=24) previously treated with at least 
one TKI.40,41 Of the 22 evaluable patients with ALL, 
2 (9%) attained or maintained a confirmed overall 
hematologic response for 4 years.40 Common over-
all treatment-related adverse events reported in pa-
tients with advanced leukemia included diarrhea 
(74%), nausea (48%), and vomiting (44%).40,41 Dur-
ing the 2017 guideline update, bosutinib was added 
as a treatment option for R/R Ph-positive ALL (see 
ALL-D 3 of 5; page 1094).

Ponatinib is a third-generation TKI that was 
initially FDA-approved in December 2012 for the 
treatment of adult patients with chronic phase, AP, 
or BP Ph-positive CML or Ph-positive ALL, with 
resistance to prior therapy,42 and was added to the 
guideline as a treatment option for R/R Ph-positive 

ALL in 2013. Although temporarily removed from 
the market in November 2013, ponatinib distribu-
tion resumed in December 2013 after revision to 
both the prescribing information and the risk evalu-
ation and mitigation strategies (REMS) program to 
address the risk for serious cardiovascular adverse 
events. This TKI has been shown to inhibit both 
native and mutant forms of BCR-ABL (including 
those resulting from T315I mutation) in preclinical 
studies.43 In a multicenter, open-label, phase II study 
(PACE trial; n=449), ponatinib showed substantial 
activity in patients with Ph-positive leukemias re-
sistant or intolerant to second-generation TKIs.44 A 
major hematologic response was observed in 41% of 
the subgroup with Ph-positive ALL (n=32). In the 
subset of patients with Ph-positive ALL with an 
ABL T315I mutation (n=22), a major hematologic 
response was observed in 36%.44 Common overall 
treatment-related adverse events in the PACE trial 
included thrombocytopenia (37%), rash (34%), and 
dry skin (32%). Additionally, arterial thrombotic 
events were observed and 7.1% of patients experi-
enced cardiovascular events,44 although dose reduc-
tion may impart a lower risk. 

Not all imatinib-resistant ABL mutations are 
susceptible to the newer TKIs. For instance, dasat-
inib is not as active against cells harboring the ABL 
mutations T315I, V299L, and F317L.25,31,45,46 Thus, 
for patients with disease resistant to TKI therapy, it is 
important to identify potential ABL mutations that 
may underlie the observed resistance to treatment. A 
panel of experts from European LeukemiaNet (ELN) 
published recommendations for the analysis of ABL 
kinase domain mutations in patients with CML and 
treatment options according to the presence of dif-
ferent ABL mutations.47 Based on these published 
recommendations and other studies, during the 2017 
guideline update, the panel included a table with 
TKI treatment options for R/R Ph-positive ALL 
based on BCR-ABL1 mutation status (see ALL-D 3 
of 5; page 1094).

Hematopoietic Cell Transplant
Treatment options are extremely limited for patients 
with Ph-positive ALL who experience relapse af-
ter receiving consolidation with allogeneic HCT. 
Some investigators have reported on the feasibil-
ity of inducing a second molecular CR with dasat-
inib in those who have experienced an early relapse  
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after first allogeneic HCT, which allowed for a sec-
ond allogeneic HCT.48,49 Studies that include donor 
lymphocyte infusion (DLI) to induce further graft-
versus-leukemia effect in patients who experience 
relapse after allogeneic HCT have reported little to 
no benefit, although it has been suggested that this 
is due to an excessively high leukemic burden.50,51 
Published case reports have suggested that the use of 
DLI for residual disease or molecular relapse (as not-
ed by levels of BCR-ABL fusion mRNA measured 
with PCR) after allogeneic HCT may eliminate re-
sidual leukemic clones and thereby prevent overt 
hematologic relapse.52–54 Moreover, case reports have 
described using newer TKIs, such as dasatinib and 
nilotinib, along with DLI to manage relapse after al-
logeneic HCT.55,56 Although these approaches are 
promising, only limited data are available. Evidence 
from prospective studies is needed to establish the 
role of DLI, with or without TKIs, in the treatment 
of relapsed disease. 

Blinatumomab
In December 2014, blinatumomab received a break-
through designation by the FDA for the treatment of 
R/R Ph-negative precursor B-cell ALL (see “Updates 
to the Treatment of R/R Ph-Negative ALL,” facing 
page, for a detailed discussion of blinatumomab). In 
July 2017, blinatumomab received full approval from 
the FDA for the treatment of R/R precursor B-cell 
ALL (Ph-negative and Ph-positive). A follow-up, 
open-label, single-arm, multicenter phase II study 
evaluated the efficacy and safety of blinatumomab 
in patients with R/R Ph-positive ALL whose disease 
had progressed after imatinib and at least one sec-
ond- or third-generation TKI (n=45).57 During the 
first 2 cycles of blinatumomab, 36% achieved CR or 
CR with partial hematologic recovery (CR/CRh), 
and 88% of CR/CRh responders achieved a com-
plete minimal residual disease (MRD) response.57 
Notably, responses were independent of T315I muta-
tion status. During the 2017 update, blinatumomab 
was added as an option for R/R Ph-positive ALL af-
ter TKI failure (see ALL-9 and ALL-D 3 of 5; pages 
1093 and 1094, respectively).

MOpAD regimen
A single-arm trial evaluating the efficacy of the 
MOAD regimen (methotrexate, vincristine, L-as-
paraginase, and dexamethasone) in newly diagnosed 

adults with ALL (n=55) demonstrated a CR rate of 
76% with a median CR duration of >12 months.58 A 
phase II trial incorporated a new PEGylated formula-
tion of L-asparaginase due to improved tolerability,59 
and examined the safety and efficacy of the MOpAD 
regimen (methotrexate, vincristine, PEG-L-aspara-
ginase, and dexamethasone) in adults with R/R ALL 
(n=37).60 For patients with Ph-positive ALL, TKIs 
(ie, imatinib, dasatinib, or nilotinib) were added to 
the regimen; if patients had CD20-positive B-cell 
ALL, rituximab was added to the regimen. The CR 
and ORR rates were 28% and 39%, respectively, 
with a median duration of response of 4.3 months.60 
Patients with Ph-positive ALL had CR and ORR 
rates of 50% and 67%, respectively.60 The panel dis-
cussed adding this regimen and it was included as a 
category 2B option for R/R Ph-positive ALL (ALL-
D 3 of 5, page 1094). This regimen may be consid-
ered in patients who have received a maximal dose 
of anthracycline and have cardiac dysfunction and 
limited performance status.

NCCN Recommendations 
Mutation testing for the ABL1 kinase domain is 
recommended in patients with Ph-positive ALL 
that has relapsed after or is refractory to initial TKI-
containing therapy. The panel has largely adopted 
the recommendations for treatment options based 
on ABL mutation status for CML, as published by 
the ELN.47 If not administered during initial induc-
tion, TKIs (imatinib, dasatinib, nilotinib, bosutinib, 
or ponatinib) are recommended options for patients 
with R/R Ph-positive ALL. For second- and third-
generation TKIs, relevant BCR-ABL1 mutations 
should be considered as outlined in the table on 
ALL-D 3 of 5 (page 1094). Due to the high frequen-
cy of serious vascular events with ponatinib therapy, 
the FDA indication is restricted to the treatment of 
patients with the T315I mutation or in those with 
disease resistant to other TKI therapies. 

For all patients with R/R Ph-positive ALL, par-
ticipation in a clinical trial is preferred. In the ab-
sence of an appropriate trial, patients may be consid-
ered for second-line therapy with an alternative TKI 
(ie, different from the TKI used as part of induction 
therapy) alone, TKI combined with multiagent che-
motherapy, or TKI combined with corticosteroids 
(especially for elderly patients who may not toler-
ate multiagent combination therapy). These options 
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should be combined with allogeneic HCT if a donor 
is available. Blinatumomab is an option if the pa-
tient is refractory to at least 2 TKIs.57 For patients 
with disease that relapses after an initial allogeneic 
HCT, other options may include a second allogeneic 
HCT and/or DLI. For patients with Ph-positive ALL 
that is refractory to TKIs, regimens for R/R Ph-nega-
tive ALL can be considered.

Updates to the Treatment of 
R/R Ph-Negative ALL 
Blinatumomab
A component of the growing arsenal of immuno-
therapies for cancer treatment, blinatumomab is a bi-
specific anti-CD3/CD19 monoclonal antibody that 
showed high CR rates (69%; including rapid MRD-
negative responses) in patients with R/R B-precursor 
ALL (n=25).61,62 Blinatumomab was approved by 
the FDA based on data from a large phase II confir-
matory study of 189 patients with R/R Ph-negative 
B-cell ALL that demonstrated a CR or CR without 
platelet recovery (CRp) in 43% of patients within 
the first 2 cycles of treatment.63,64 In a follow-up pro-
spective, multicenter, randomized phase III trial, pa-
tients with R/R B-cell precursor ALL (n=405) were 
assigned to receive either blinatumomab (n=271) 
or standard chemotherapy (n=134).65 OS was lon-
ger in the blinatumomab group, with median OS 
at 7.7 months, compared with the standard chemo-
therapy group, with median OS at 4.0 months (95% 
CI, 0.55–0.93; P=.01).65 Remission rates within 12 
weeks after treatment initiation were significantly 
higher in the blinatumomab group than in the stan-
dard chemotherapy group with respect to both CR 
with full hematologic recovery (CR, 34% vs 16%; 
P<.001) and CR with full, partial, or incomplete 
hematologic recovery (CRi; CR, CRh, or CRi, 44% 
vs 25%; P<.001).65 Of note, prespecified subgroup 
analyses of patients with high bone marrow count 
(≥50%) at relapse demonstrated lower blinatumom-
ab-mediated median survival and remission rates.65

There are significant and unique side effects to 
blinatumomab treatment compared with the current 
standard-of-care regimens. The most significant tox-
icities noted in clinical studies are central nervous 
system (CNS) events and cytokine release syndrome 
(CRS). Neurologic toxicities have been reported in 
50% of patients (median onset, 7 days) and grade 

≥3 neurologic toxicities, including encephalopathy, 
convulsions, and disorientation, have occurred in 
15% of patients.66 CRS typically occurs within the 
first 2 days following initiation of blinatumomab in-
fusion,66 and symptoms include pyrexia, headache, 
nausea, asthenia, hypotension, increased transami-
nases, and increased total bilirubin. The incidence 
of adverse events can be reduced with monitoring 
for early intervention at onset of symptoms. How-
ever, the serious nature of these events underscores 
the importance of receiving treatment in a special-
ized cancer center that has experience with blina-
tumomab. Based on data from the phase III study 
demonstrating the efficacy of blinatumomab in R/R 
B-cell precursor ALL,65 the panel changed the cat-
egory of evidence from 2A to 1 (ALL-9 and ALL-D 
3 of 5; pages 1093 and 1094, respectively) for the 
2017 update. 

Nelarabine
Nelarabine is a nucleoside analogue currently ap-
proved for the treatment of patients with T-cell ALL 
with unresponsive or relapsed disease after at least 
2 chemotherapy regimens.67 A phase II study of ne-
larabine monotherapy in children and adolescents 
with R/R T-cell ALL or T-cell non-Hodgkin’s lym-
phoma (n=121) showed a 55% response rate among 
the subgroup with T-cell ALL with first bone marrow 
relapse (n=34) and a 27% response rate in the sub-
group with a second or greater bone marrow relapse 
(n=36).68 Major toxicities included grade ≥3 neuro-
logic (both peripheral and CNS) adverse events in 
18% of patients. Nelarabine as single-agent therapy 
was also evaluated in adults with R/R T-cell ALL or 
T-cell lymphoblastic leukemia in a phase II study 
(n=39; median age, 34 years; range, 16–66 years; 
median 2 prior regimens; T-cell ALL, n=26).69 The 
CR rate (including CRi) was 31%; an additional 
10% of patients experienced a partial remission. The 
median disease-free survival and OS were both 20 
weeks and the 1-year OS rate was 28%. Grade 3 or 
4 myelosuppression was common, but only one case 
of grade 4 CNS toxicity (reversible) was observed.69

Augmented Hyper-CVAD
A phase II study from the University of Texas MD 
Anderson Cancer Center evaluated an augmented 
hyper-CVAD regimen, which incorporated as-
paraginase, intensified vincristine, and intensified 
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dexamethasone, as therapy in adults with R/R ALL 
(n=90; median age, 34 years; range, 14–70 years; me-
dian 1 prior regimen).70 Among evaluable patients 
(n=88), the CR rate was 47%; an additional 13% 
experienced a CRp and 5% experienced a partial re-
mission. The 30-day mortality rate was 9% and me-
dian remission duration was 5 months. Median OS 
for all evaluable patients was 6.3 months; median 
OS was 10.2 months for patients who experienced 
a CR. In this study, 32% of patients were able to  
proceed to HCT.70

Vincristine Sulfate Liposomal Injection
Vincristine sulfate liposome injection (VSLI) is a 
novel nanoparticle formulation of vincristine encap-
sulated in sphingomyelin and cholesterol liposomes; 
the liposome encapsulation prolongs the exposure 
of active drug in the circulation and may allow for 
delivery of increased doses of vincristine without 
increasing toxicities.71,72 VSLI was evaluated in an 
open-label, multicenter, phase II study in adult pa-
tients with Ph-negative ALL (n=65; median age, 31 
years; range, 19–83 years) in second or greater re-
lapse, or with disease that progressed after ≥2 prior 
lines of therapy (RALLY study).73 The CR (CR + 
CRi) rate with single-agent VSLI was 20%. Median 
duration of CR was 23 weeks (range, 5–66 weeks), 
and median OS for all patients was 20 weeks (range, 
2–94 weeks); median OS for those achieving a CR 
was 7.7 months.73 The incidence of early induction 
death (30-day mortality rate) was 12%.73 These out-
comes appeared favorable compared with published 
single-center historical data in patients with Ph-
negative ALL treated with other agents at second 
relapse (n=56; CR rate, 4%; median OS, 7.5 weeks; 
early induction death, 30%).73,74 The most common 
grade ≥3 treatment-related toxicities with VSLI in-
cluded neuropathy (23%), neutropenia (15%), and 
thrombocytopenia (6%).73 Based on phase II data 
from the RALLY study, VSLI was given accelerated 
FDA approval in September 2012 for the treatment 
of adult patients with Ph-negative B-cell ALL in 
second or greater relapse.75 Confirmation of benefit 
from phase III studies is pending.

Clofarabine
Clofarabine is a nucleoside analogue approved for 
the treatment of pediatric patients (aged 1–21 years) 
with ALL that is R/R after at least 2 prior regimens.76 

In a phase II study of single-agent clofarabine in 
heavily pretreated pediatric patients with R/R ALL 
(n=61; median age, 12 years; range, 1–20 years), the 
response rate (CR + CRp) was 20%.77 Single-agent 
clofarabine in this setting was associated with severe 
liver toxicities (generally reversible) and frequent fe-
brile episodes, including grade 3 or 4 infections and 
febrile neutropenia.77 Phase II studies evaluating the 
combination of clofarabine with cyclophosphamide 
and etoposide in pediatric patients with R/R ALL 
have resulted in response rates ranging from 44% 
to 52%.78,79 This combination has been associated 
with prolonged and severe myelosuppression, febrile 
episodes, severe infections (including sepsis or septic 
shock), mucositis, and liver toxicities including fatal 
veno-occlusive disease (the latter occurring in the 
post–allogeneic HCT setting).78 

There are limited studies of clofarabine com-
bination regimens in adults with R/R disease. In a 
study from GRAALL, adult patients with R/R ALL 
(n=55) were treated with clofarabine in combina-
tion with conventional chemotherapy (cyclophos-
phamide [ENDEVOL cohort; median age, 53 years; 
range, 18–78 years], or a more intensive regimen with 
dexamethasone, mitoxantrone, etoposide, and PEG-
asparaginase [VANDEVOL cohort; median age, 34 
years; range, 19–67 years]). Patients in the ENDE-
VOL cohort achieved a CR of 50% (9 of 18), and 
those in the VANDEVOL cohort yielded a CR rate 
of 41% (15 of 37); median OS was 6.5 months after 
a median follow-up of 6 months.80 The most com-
mon grade 3 or 4 toxicities included infection (58%) 
and liver toxicities (24%), with an early death rate 
of 11%.80 Because the use of clofarabine-containing 
regimens require close monitoring and intensive sup-
portive care measures, patients should only be treat-
ed in centers with expertise in the management of 
ALL, preferably in the context of a clinical trial.

MOpAD Regimen
Based on data summarized earlier,58–60 the panel 
discussed adding the MOpAD regimen for R/R Ph-
negative ALL, and it was included as a category 2A 
option during the 2017 update (ALL-D 3 of 5; page 
1094).

Hematopoietic Cell Transplant
HCT is the only potentially curative modality for 
R/R ALL. Based on findings from evidence-based 
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review of the published literature, the American So-
ciety for Blood and Marrow Transplantation guide-
lines recommend HCT over chemotherapy alone 
for adult patients with ALL experiencing a second 
CR.81 Several studies have shown that for adolescent 
and young adult patients in second CR, allogeneic 
HCT may improve outcomes, particularly for those 
who have early bone marrow relapse or other high-
risk factors.82–84 Seemingly contradictory data was 
reported in the COG CCG-1952 study that showed 
prognosis after early bone marrow relapse in patients 
with standard-risk ALL (age 1 to <10 years; WBC 
count <50 × 109/L) remained poor with no apparent 
advantage of HCT, regardless of timing (ie, early or 
late) of bone marrow relapse.85 However, data were 
not available on the conditioning regimen used for 
HCT in this study for comparison with other trials. 
The UKALLXII/ECOG2993 trial (n=609; age range, 
15–60 years) examined the efficacy of transplanta-
tion after relapse in a subgroup of patients with re-
lapsed ALL who had not received prior transplant.86 
Patients treated with HCT demonstrated a superior 
OS at 5 years compared with those treated with che-
motherapy alone.86 The Center for International 
Blood and Marrow Transplant Research (CIBMTR) 
conducted an analysis of outcomes of patients with 
ALL (n=582; median age, 29 years; range, <1–60 
years) who underwent transplant during relapse.87 At 
3 years, the OS rate was 16% (95% CI, 13%–20%).87 
Response to salvage therapy before HCT may also 
predict outcome. One retrospective study showed 
3-year OS and event-free survival estimates of 69% 
and 62%, respectively, for patients in second or lat-
er MRD-negative remission at HCT, similar to the 
outcomes of those who underwent HCT in MRD- 
negative first remission at the same center.88

NCCN Recommendations 
For patients with R/R Ph-negative ALL, the ap-
proach to second-line treatment may depend on 
the duration of the initial response. For late relapses 
(ie, occurring ≥36 months from initial diagnosis), 
re-treatment with the same induction regimen is a 
reasonable option. For other patients, participation 
in a clinical trial is preferred when possible. In the 
absence of an appropriate trial, for patients with R/R 
Ph-negative precursor B-cell ALL, blinatumomab is 
recommended. Other possible options include subse-
quent chemotherapy alone, with regimens contain-

ing clofarabine, nelarabine (for T-cell ALL), VSLI, 
augmented hyper-CVAD, MOpAD regimen, or 
other cytarabine- or alkylator-containing regimens, 
or chemotherapy with allogeneic HCT if a donor is 
available. For patients with disease that relapses after 
an initial allogeneic HCT, other options may include 
a second allogeneic HCT and/or DLI. 

Emerging Treatment Options
Inotuzumab Ozogamicin 
Inotuzumab ozogamicin (InO) is a calicheamicin-
based antibody-drug conjugate targeting CD22. 
Based on encouraging single-agent phase II data,89 
a randomized study was conducted comparing InO 
with standard intensive chemotherapy regimens in 
Ph-negative or Ph-positive ALL in first or second 
relapse, defined as >5% marrow blasts (n=326). 
Compared with standard therapy, InO produced a 
significantly higher CR/CRi rate (80.7% vs 29.4%; 
P<.001), and higher MRD-negative rates (78.4% 
vs 28.1%; P<.001).90 Notably, responses were con-
sistent across most subgroups, including those with 
high marrow burden and those with Ph-positive 
leukemia. The overall incidence of severe adverse 
events were similar across treatment arms, with a 
higher incidence of hepatic veno-occlusive disease 
observed in the InO group, related in part to dual al-
kylator–based transplant conditioning administered 
in remission. These data translated into a significant 
benefit in the median duration of remission (4.6 vs 
3.1 months; P=.03), median progression-free surviv-
al (5.0 vs 1.8 months; P<.001), and mean OS (13.9 
vs 9.9 months; P=.005).90

Chimeric Antigen Receptor T Cells
The generation of chimeric antigen receptor (CAR) 
T cells to treat ALL represents a significant advance 
in the field.91 CAR T-cell therapy relies on the ge-
netic manipulation of a patients’ T cells to engender 
a response against a leukemic cell-surface antigen, 
most commonly CD19.92 In an initial phase I study 
of 16 adult patients with R/R B-cell ALL, CAR T-
cell therapy elicited a promising overall complete 
response rate of 88%.93 A separate pilot study using a 
different CAR-T cell product (CTL019) in patients 
with relapsed B-cell ALL (n=30; 25 patients with 
age range 5–22 years; 5 patients with age range 26–
60 years) observed similar results with CR achieved 
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in 27 of 30 patients (90%).94 Together these data 
inspired the development of larger multicenter tri-
als of CAR T-cell therapy.95 Relevant in this context 
are recent interim data from the ELIANA trial of 
CTL019 in 62 children and young adults with R/R 
B-ALL, which confirmed a high CR (and CR with 
incomplete blood count recovery) rate of 83%, all 
of which were notably MRD-negative.96 This high 
response rate was associated with a 6-month relapse-
free survival rate of 75% and a 6-month OS rate of 
89%. As with blinatumomab, T-cell activation was 
accompanied by severe CRS and neurologic toxic-
ity, as well as higher infectious risks—although treat-
ment-related mortality remained low at 6%. Given 
these data, CTL019 was recommended for acceler-
ated approval by the FDA Oncologic Drug Advisory 
Committee in July 2017.

Summary
This report highlights the updates to systemic ther-
apy recommendations for the management of R/R 
ALL in the 2017 version of the NCCN Guidelines 
for ALL. Several factors are considered in the selec-
tion of an appropriate treatment strategy for R/R 
ALL based on the patient’s age, performance status, 
end-organ reserve, end-organ dysfunction, and eligi-
bility for transplant. Currently, HCT is the only cure 
for R/R ALL, but many patients are not eligible for 
transplant based on age or disease progression. Fu-
ture and emerging therapeutic considerations may 
include CAR T-cells, antibody-drug conjugates (eg, 
InO), and other immunomodulatory agents.90,91,93,97 
When possible, consistent with NCCN philosophy, 
the panel strongly encourages patient/physician  
participation in clinical trials.
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positive and Ph-negative ALL based 
on the NCCN Guidelines?

a. Blinatumomab
b. MOpAD regimen
c. Nelarabine
d. a and b
e. b and c
f. All of the above

3.  True or False: There are several established clinical stud-
ies examining clofarabine combination regimens in adults 
with R/R Ph-negative ALL.
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