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ABSTRACT

Acute lymphoblastic leukemia (ALL) is a heterogeneous group
of hematologicmalignancies that arise fromclonal proliferation
of immature lymphoid cells in the bone marrow, peripheral
blood, and other organs. The vinca alkaloid vincristine is a
standard component of chemotherapy regimens used to
treat ALL, because of its well-defined mechanism of action,
demonstrated anticancer activity, and ability to be combined
with other agents. However, the dosage of vincristine is
frequently capped because of neurotoxicity concerns, and
patients with large body surface areas are, therefore, almost
always underdosed. Liposomal formulations have the ability
to “passively” accumulate at sites of increased vasculature
permeability and reduce the adverse effects of encapsu-
lated relative to free drug. Vincristine sulfate liposome
injection (VSLI) is a sphingomyelin/cholesterol-based

liposome-encapsulated formulation that is delivered weekly
in a 1-hour infusion. Based on the pharmacokinetics of the
liposomaldelivery system, vincristine is slowly released from the
liposome and delivered into the tissues more efficiently than
with the standard preparation, allowing a higher dose. This
increase in therapeutic index from reduced toxicity is a
valuable difference between the two formulations. VSLI is
indicated for the treatment of adultswith second or greater
relapse and clinically advanced Philadelphia chromosome-
negativeALL. For the first time, studieswill be able to exploit
the delivery of higher and uncapped doses of vincristine in
randomized studies comparing first-line chemotherapy with
standard vincristine versus VSLI in both ALL and lymphoma to
determine whether VSLI is superior to conventional vincris-
tine. The Oncologist 2016;21:840–847

Implications for Practice: This review summarizes the development of vincristine sulfate liposome injection, a new formulation
of vincristine. The pharmacokinetics of liposomal drug delivery are examined, the limitations and advantages of conventional
and liposomal vincristine are compared, and the use of vincristine sulfate liposome injection in clinical trials and case studies is
included. Clinicianswill be informedof anewchemotherapy agent that is indicated for the treatmentof adultswithPhiladelphia
chromosome-negative acute lymphoblastic leukemia, whose disease has relapsed two or more times or whose leukemia has
progressed after two or more regimens of antileukemia therapy.

INTRODUCTION: THE TREATMENT OF RELAPSED ALL

Adult acute lymphoblastic leukemia (ALL) is an uncommon
hematological malignancy, accounting in adults for approxi-
mately 20% of new acute leukemias [1]. The proliferation
and accumulation of blast cells in themarrow result in suppres-
sion of normal hematopoiesis and subsequent anemia,
thrombocytopenia, and neutropenia. Extramedullary accumu-
lations of lymphoblasts may also occur in various other sites,
especially themeninges, gonads, thymus, liver, spleen, or lymph
nodes [2]. Major cytogenetic and molecular genetic abnormal-
ities seen in ALL include gene mutations, hyperdiploidy (.50
chromosomes), hypodiploidy (,44 chromosomes), and chro-
mosomal translocations, of which t(12;21)(p13;q22) encoding

ETV6-RUNX1 fusion gene is the most common in children, but
very rarely seen in adults [3]. The most common chromosomal
translocation in adults is the Philadelphia (Ph) chromosome—
t(9;22) (Ph1 ALL)—resulting in the BCR-ABL1 fusion gene.
Chromosomal rearrangements are significantly associated
with response to chemotherapy (CT) and are used in the
classification and risk stratification of patientswith ALL [2, 4, 5].
Ph1 ALL has a poorer prognosis than Ph2, and the t(12;21)
subtype of ALL has a very favorable prognosis, resulting in a higher
rate of biologically favorable forms of ALL in children [1, 6–9].

Approximately 6,250newcases of ALLwere estimated to
occur in the U.S. in 2015, accounting for 1,450 deaths [10].
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Despite a high complete remission (CR) rate in adults,
relapses are common [11]. In contrast to children with ALL,
for whom cure approaches 90%, fewer than 50% of adults
remain in remission, even with hematopoietic stem cell
transplantation (HSCT) [1], mostly because of relapse. For
older adults aged 40–59 years or 60–69 years with ALL,
5-year overall survival (OS) rates in the U.S. are 24% and
18%, respectively, despite aggressive first-line treatment
[11, 12].

Currently, there is no uniformly accepted standard salvage
treatment for relapsed ALL. The only potential curative
approach is allogeneicHSTC after achieving a CR [13]. In a large
retrospective summaryofpatients in first relapse treatedbya
variety of regimens, the CR rate was 31%, and overall survival
was 5 months [13]. In a more recent study, the Programa
Espanol de Tratamiento en Hematologia study, the median
survival after relapsewas 4.5months [14], and in theMedical
Research Council UKALL12/Eastern Cooperative Oncology
Group 2993, the median overall survival after relapse was
6 months [15].

The most reliable predictor of treatment outcome after
relapse is the duration of first remission (CR1), with better
OS in patients with longer CR1 (.1 year), compared with
patients with shorter CR1 [13–20]. A retrospective study
performed in Japan of 332 patients with relapsed Ph2 ALL
aged 16–65 years showed that Allo-HSCT in CR1 did not
influence theOS after the first relapse; at 5 years, for patients
who received chemotherapy alone, OS was 16.3%, and OS
was 10.6% in patients who received Allo-HSCT [19]. Among
270 patients who relapsed after CT alone in CR1, 52.5%
achieved a second complete remission (CR2) after salvage CT,
of whom 62 subsequently underwent Allo-HSCT. OS from CR2
was significantly better in patients who underwent Allo-HSCT
inCR2 than in thosewhodidnot (74%vs.50%at1yearand44%
vs. 11% at 5 years, respectively) [19].

In the U.S., approximately 1,600 patients can be catego-
rized as Ph2 ALL in second or later relapse [20], and their
outcome isworse. A retrospective analysis study reportedaCR
rate of 18% and median survival of 3 months in patients in
second or subsequent relapse [21]; for patients receiving a
single agent in second relapse, theCR ratewas 2%, andmedian
survival was 1.9 months [22].

Given the current unfavorable treatment landscape
for relapsed Ph2 ALL, for which no standard of care exists
[15], novel, more effective agents are obviously needed
[23]. Vincristine encased within a liposome—a drug de-
livery vehicle composed of material similar to that of cell
membranes—is one such new approach that holds
promise for improving the outcome of ALL [3]. Vincristine
sulfate liposome injection (VSLI; Marqibo, Spectrum
Pharmaceuticals, Inc., Henderson, NV, http://www.sppirx.
com)—as a single agent—was approved in the U.S. under
the Food and Drug Administration’s accelerated approval
program in August 2012 for the treatment of Ph2 ALL
patients in second or greater relapse or whose disease
progressed after two ormore antileukemia therapies [24].
Vincristine sulfate liposome injection, vincristine admin-
istered in a liposomal package, allows for a safer delivery of
a higher dose. The well-known toxicity profile of vincristine
from decades of clinical use prompted the approval of

the drug, based on the results from a relatively small phase II
clinical trial.

VINCRISTINE IN THE TREATMENT OF ALL
Vincristine (VCR), an alkaloid obtained from the periwinkle plant,
has been in clinical use as an anticancer agent for approximately
50 years and is a standard component in every combination CT
regimen for ALL and other lymphoid malignancies. There is no
standardfront-linetreatmentforadultALLpatients.Thetwomost
commonly used are the hyperfractionated cyclophosphamide,
vincristine, doxorubicin, and dexamethasone (hyper-CVAD) and
different variants of the Berlin–Frankfurt–Münster model, and
although they are totally different regimens, their long-term
survival rates are 35%–40% [25–29]. More recently, pediatric
approaches are being adopted in young adults with improved
outcomes. However, the importance of VCR in ALL is that,
regardless of the chemotherapy combination, all regimens in all
ages always include multiple doses of VCR.

Themechanismof action of VCR is related to the inhibition
of microtubule formation in mitotic spindle, resulting in an
arrest of dividing cells at the metaphase stage. VCR-induced
abnormal microtubule formation inhibits cellular replication,
ultimately causing cell death [29].TheefficacyofVCR increases
with time of exposure and fraction of cells in mitosis [30].
Although VCR is a potent antineoplastic, its clinical use is
limited by unpredictable pharmacologic characteristics (e.g.,
wide interpatient variation in half-life, volume of distribution,
and clearance), a narrow therapeutic index, and, particularly,
neurotoxicity [31–34].Vincristine-induced peripheral neurop-
athy (VIPN) is characterizedbyprogressive sensory,motor, and
autonomic nerve damage, commonly manifesting as reduced
motility of the intestines, resulting in constipation. Peripheral
neuropathy is predominantly sensory in nature. Early symp-
toms include numbness and tingling of the hands and feet,
accompanied by loss of deep tendon reflexes. In its more
severeform,muscleweaknessdevelops,which ismoremarked
indistalmusclesof thehands and feet.Othermanifestationsof
neurotoxicity include muscle cramps, ocular palsies, hoarse-
ness, and autonomic neuropathy in the form of postural
hypotension and atony of the urinary bladder. The neurotox-
icity of VCR is dose-related and cumulative; difficulty walking,
paresthesias, andmusclewasting can persist for as long asVCR
treatment is continued [35–37].

The neurotoxic effects of VCR significantly impair the use of
higherdoses in the treatment ofALL [13, 31].Thehigh affinityof
VCRtobothmitoticandneuronalmicrotubulesmakes itdifficult
to prevent neurotoxicity without compromising efficacy [33].
The usual dose of VCR for adult ALL patients is 1.4 mg/m2, but
the dose is generally capped at 2 mg to prevent severe VIPN.
However, VIPN is common, and neuropathic symptoms may
appear even with dose capping and only after a few doses [35,
38]. Capping of the VCR dose at 2 mg results in underdosing in
ALLpatientswithbodysurfaceareas.1.42mg/m2.Becausethe
efficacy, dosing, and neurotoxicity related to VCR are linked,
patients with a body surface area.1.4 mg/m2 (i.e., almost all
adults andsomechildren) receivea suboptimal dose [38, 39].Of
note, studies performed more than 20 years ago reported
conflicting results on the impact of capping versus noncapping
on outcome [40–42]. Despite this, no recent studies addressed
this question, and dose capping remains an almost universally
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accepted practice to curtail toxicity. Because the half-life of free
VCR in serum is a few minutes, continuous infusion has been
used as an alternate method to increase drug exposure, but is
also complicated by significant neurotoxicity [43].

The high affinity of VCR to both mitotic and neuronal
microtubules makes it difficult to prevent neurotox-
icity without compromising efficacy.

RATIONALE FOR VINCRISTINE SULFATE LIPOSOME INJECTION
Liposomes are spherical nanoparticles composed of a phospho-
lipid bilayer to encapsulate and deliver hydrophilic and lipophilic
molecules. Their similarity to cell membranes and nonimmuno-
genicity allows liposomes to overcome potential barriers to
many drugs and provide effective delivery to target tissues,
such as tumors. Liposomes balance stability and time in the
systemic circulation with bioavailability of the drug at the
target site, permitting higher doses of drug to be adminis-
tered [31, 44–46].The physicochemical and pharmacokinetic
properties of VCR include low solubility in aqueous solutions
at physiologic pH in vitro, rapid initial plasma clearance, and
extensive volume of distribution in vivo [32, 47]. These
propertiesmakeVCR a likely candidate for liposome technology
to improve its effectiveness and safety.

The poor therapeutic index of free VCR prompted the
development of liposomal VCR [13, 31, 48, 49]. Vincristine
sulfate liposome injection encapsulates VCR in a liposome
composed of the phospholipid sphingomyelin and cholesterol
(a drug-delivery vehicle similar to that of cell membranes) to
improve tumor drug exposure by providing prolonged circula-
tion of VCR in the blood [13, 50]. The phospholipid permits the
formationofbilayermembranes, inwhichproteins,cofactors,or
chemical compounds such as vincristine can be encapsulated
(Fig. 1). The sphingosome-encapsulated technology of VSLI
results in a liposome that is more rigid than conventional

liposomes. Active VCR leaks out of the liposome slowly, and
drug levels are maintained over prolonged periods. This
improved pharmacokinetic profile—mimicking a continuous
VCR infusion—may result in greater activity in rapidly dividing
cancers [49]. Other factors that improve the therapeutic
profile of VSLI comparedwith conventional VCR includehigher
doses,alteredpharmacokinetics, selectivedeposition intumor
cells, or a combination of these differences [30].

Vincristine sulfate liposome injection exhibits slower sys-
temic release and better penetration into organs and bone
marrow compared with standard VCR [45, 50–53]. At a dose of
2.25 mg/m2 per week, VSLI monotherapy has resulted in an
overall response rate (ORR) of 35% and CR rate of 20% in
adults with Ph2 relapsed or refractory disease, with no new or
unexpectedtoxicitiesobserved [54]. (Ofnote, vincristine isnever
used to treat ALL as a single agent, but only as a component of
combination CT; see details below.) Vincristine sulfate liposome
injection addresses the long-unmet need for an additional
option for Ph2 ALL patients whose disease is unresponsive to
available therapies [39, 55]. Once-per-weekdosingmakes VSLI a
convenient treatmentchoice in the community setting.Thedrug
does not suppress the bone marrow, and the frequency of
adverse events (AEs) with VSLI (e.g., neutropenia, constipation,
nausea,orpyrexia) isnohigher thanthatobservedwith standard
VCR, despite the larger dosage. Vincristine sulfate liposome
injection is for i.v. use only, and may be fatal if given by other
routes (intrathecal administration is fatal) [48].

The hematologic toxicity of VSLI 2.25 mg/m2 given every
7 days or every 14 days was recently assessed in 54 patients
with metastatic uveal melanoma, a cancer not known to
involve the bone marrow. Patients in the every-7-days cohort
receiveda largermediancumulativeexposure (22.6vs.17.7mg)
and almost double the median dose density (2.2 vs. 1.2 mg/m2

per week) of patients who received the drug every 14 days.
Despite the more frequent exposure and greater dose
density, patients in the every-7-days cohort had a lower
median decrease from baseline in neutrophil count and a
greater increase from baseline in platelet count versus those in

Figure 1. Phospholipid: A glycerophosphate backbone covalently bonded to a polar head group and two fatty acyl tails [3].
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the every-14-days cohort. Hematologic AEs were uncommon
in this study and were mostly grade 1 or 2. No grade 4
hematologicAEswere reported, suggestingthatVSLI couldbe
well suited for use in combination regimens with myelosup-
pressive drugs [56].

Vincristine sulfate liposome injection exhibits slower
systemicreleaseandbetterpenetration intoorgansand
bonemarrowcomparedwithstandardVCR.Atadoseof
2.25 mg/m2 per week, VSLI monotherapy has resulted
in an overall response rate of 35%andCR rate of 20% in
adultswith Ph2 relapsed or refractory disease,with no
new or unexpected toxicities observed.

TRIAL EVIDENCE FOR VSLI IN RELAPSED ALL
Vincristine sulfate liposome injection demonstrated greater
antitumor activity in vitro and in vivo compared with
conventional VCR at equivalent milligram-per-kilogram doses
in animal models. Vincristine sulfate liposome injection was
more likely to be curative in murine systems against L1210 or
P388 leukemia cell lines [47, 57, 58].To optimize dose intensity
and discern the tolerance of multiple doses in the salvage
setting, a multicenter phase I trial of weekly dose-escalated
VSLI (in combination with pulse dexamethasone) was con-
ducted in 36 patients with relapsed/refractory ALL [59]. Doses
of VSLI, ranging between1.5 and2.4mg/m2,were infusedover
1 hour. The most common toxicities included constipation
(67%), fatigue (61%), peripheral neuropathy (55%), anemia
(50%), and pyrexia (50%). Grade 3–4 hematologic (28%),
neurologic (17%), and endocrine (11%) toxicities were
recorded. The overall incidence of treatment-related periph-
eral neuropathy (55%) was similar across the treatment
cohorts, despite dose escalation. The maximal tolerated dose
was established at 2.25 mg/m2, based on dose-limiting
toxicities of motor neuropathy, seizure, and hepatotoxicity at
the2.4mg/m2-dose level. Fourofsevenpatientswhoachieved
a CR and one patient who experienced hematologic improve-
ment subsequently underwent potentially curative HSCT [59].

Because VCR is excreted primarily by the liver, a recent
study evaluated the pharmacokinetics of VSLI in patients
with melanoma and impaired hepatic function [60]. The
dose-adjusted maximum plasma concentration and area
under the curve in patients with moderate hepatic impair-
ment were comparable with those of patients with normal
hepatic function. Vincristine sulfate liposome injection was
generallywell tolerated inall subjectsparticipating in this trial.

Based on the medical need, the superiority of VSLI over
standard VCR in nonclinical models, and encouraging activity
attributed toVSLI in thephase I study [59], amultinational, pivotal,
phaseII,single-arm,open-labeltrialwasconducted[54].High-dose
(2.25mg/m2[nodosecapping]),once-per-weekVSLImonotherapy
was given to heavily pretreated adults with advanced, relapsed,
andrefractoryB-orT-cell lineagePh2ALL.Allpatients(n565)had
previously been treatedwith standard VCR, and 77%had ongoing
grade 1–2 neuropathy. Nearly half of patients enrolled in the trial
(48%) hadprior allogeneicHSCT, and.50%had received$3 lines
of treatment. The OR rate among the 65 patients treated with

VSLI was 35%, with 20% of patients having a CR or a CR with
incomplete hematologic recovery (CRi). The median OS was
4.6months,with 34%of patients living longer than 6months.
There were five long-term survivors (i.e., survival for longer
than 1 year) and two patients who remain alive and could
potentially represent cures. The median OS in responders
(i.e., patients experiencing CR, CRi, partial remission, or bone
marrowblast response)was 7.7months,with 70%ofpatients
alive for longer than 6 months [54].

A total of 22% of patients who achieved a CR/CRi had more
than five prior lines of therapy, and 26% had undergone
allogeneic HSCT. Response toVSLI was seen in both B- andT-cell
disease and in patients who did not experience significant
neuropathy. Among those with a CR, 19% were successfully
bridgedtoHSCT,withamedianOSof8.9months (Fig. 2).Toxicity
in this studywaspredictable,manageable,andcomparablewith
that resulting from standard doses of free VCR, despite the
delivery of large—normally unachievable—individual and
cumulative doses of the drug (Fig. 3).

THECLINICAL IMPACTOFVSLI IN THEOVERALLTREATMENT

OF ALL
Thispivotal trial servedasthebasis foracceleratedU.S. approval
of VSLI in August 2012 for the treatment of adult patients with
Ph2 ALL in second or greater relapse. In general—when using
any single or combination chemotherapy—the outcome in this

Figure 2. Overall survival and HSCT among 65 patients treated
with VSLI [54].

Abbreviations:BMB,bonemarrowblast;CR,completeremission;
CRi, complete remission with incomplete hematologic recovery;
HSCT, hematopoietic stemcell transplantation; PR, partial remission;
VSLI, vincristine sulfate liposome injection.

www.TheOncologist.com ©AlphaMed Press 2016

Douer 843

http://www.TheOncologist.com


settingisdismal,withpatientssurvivingforonlyafewweeksdue
to a very low CR rate of very short duration [21, 22]. In many
instances, suchpatientsareofferedhospicecare.However,with
an overall response of 35%, relative low toxicity, and ease of
administration, VSLI would be a convenient component of an
overall palliative plan. In several of these ALL subjects, the
pivotal clinical trial showed that VSLImonotherapy resulted in a
moremeaningful improvement, aswell as durable responses, in
clinicaloutcomeswhenusedasabridge toHSCT[54].Vincristine
sulfate liposome injection—which is nonmyelosuppressive,
and, compared with steroids, less immunosuppressive—could
also reduce or stabilize tumor burden while chimeric antigen
receptor (CAR) T cells were being produced. In addition, it
should be pointed out that, in contrast to the emerging
immunotherapies (i.e., blinotumomab, CAR T cells, and
inotuzomabozogomycin),whichonly targetB-lineageALL,VSLI
is also active in T-cell ALL.

Vincristine sulfate liposome injection has potential future
applications in patientswithALL inwhichvincristine is used. As
mentioned previously, vincristine is always given in combina-
tion with other chemotherapy agents. Such studies could
determine whether substituting VSLI for standard VCR in
combination front-line regimens will be beneficial, by de-
livering a higher dose of vincristine without the 2-mg cap,
without more toxicity, and possibly diminishing the develop-
ment of drug-resistant ALL [38]. One challenge of such studies
is selecting the multiagent CT “backbone’” regimen, because
there is no agreed-upon approach for front-line adult ALL, as
well as the more the recent preference of using a pediatric
regimen in young adults. For example, a phase II study is now
recruiting subjects at theMDAnderson Cancer Center in Texas
using intensive CT (i.e., hyperfractionated cyclophosphamide/
VSLI/ doxorubicin/dexamethasone6 rituximab) to assess the

CR duration, toxicity, and OS of newly diagnosed ALL patients
versus hyper-CVAD (the same CT with standard vincristine)
[61]. However, clinical trials replacing vincristine with VSLI in
different widely used or pediatric CT backbones may yield
different efficacy and toxicity outcomes. An attractive design
for a clinical trial comparing vincristine to VSLI may be during
maintenance therapy, in which monthly vincristine is always
included for 2–3 years,with endpoints of reducing neuropathy
and perhaps improving overall survival. However, a phase III
trialwill require largecohortsofpatients. In therelapsesetting,
an active phase II study is expanding the clinical utility of VSLI
for patients with ALL by testing bortezomib in combination
with intensive reinductionCT (includingVSLI) forpatients1–31
years old [62].

CASE STUDIES
Successfully treating relapsed ALL is complex and difficult, and
it isessential foroncologists to individualizecare.Currently,the
choice of a treatment for ALL is generally based on prior
training and practice preferences, rather than a gold standard
stratified by risk factors that are increasingly becoming more
distinct. The following case studies illustrate important points
in themanagement of adult patients with relapsed/refractory
ALL, having different patient characteristics and at various
points along the disease continuum.

Patient With T-Cell ALL in Second Relapse
A 44-year-oldmalewas diagnosedwith T-cell ALL. He entered a
complete remissionwithhyper-CVADCT,but relapsed3months
after starting treatment. He was treated with the salvage
combination of nelarabine/cyclophosphamide/etoposide and
achieved a second CR.Thiswas followed by allogeneic stem cell
transplantation (SCT) fromamatchedsiblingdonor.Herelapsed
6 months after the transplant with a white blood cell (WBC)
count of 50,000 (90% blast) and bone marrow 50% blasts.

He has mild sensory grade 1 peripheral neuropathy and is
transfusion-dependent. It would be prudent to consider one
of the novel immunotherapy approaches: the first-in-class
bispecific T-cell engager (BiTE) monoclonal antibody (mAb)
blinatumomab, anexperimental CARTprogram(bothofwhich
target CD19), or the experimental mAb inotuzumab, which
targets CD22. However, these approaches are limited toB-cell-
lineage ALL and do not target malignant T cells, and therefore
are inactive in this patient’s ALL subtype. Given the absence of
standard effective combination CT, a palliative approach was
discussed with the patient, which involved using an active
agent with limited toxicity and nomyelosuppression that may
improve his quality of life (QOL) but not cure. Because his
baseline neuropathy was mild, VSLI was chosen, which he
received weekly at 2.25 mg/m2 (without a dose cap). After
3 weekly doses, his blood counts recovered, he became
transfusion-free, and he obtained a CR. Four months later, he
relapsed and died from disease progression.

Conclusions From Case 1
In this patient with T-cell ALL (T-ALL), VSLI provided a
therapeutic option, given the limitation of promising immu-
notherapeutic approaches (blinatumomab, CAR T cells, and
inotuzumab), which specifically target only B-lineage ALL, but
are not active in T-ALL.

Figure 3. Relationship between cumulative VSLI exposure, the
worst grade of related vincristine-induced peripheral neuropathy
(VIPN) adverse events, and response [54]. Blue rectangles in the
left-hand column above each grade of VIPN represent nonre-
sponders; blue diamonds in the right-hand column represent
patients who achieved a partial remission or bone marrow blast
response; gold diamonds represent patients who achieved
complete remission (CR) or CR with incomplete hematologic
recovery (CRi). Responses, including CR or CRi, were achieved at
each grade of related VIPN.

Abbreviation: VSLI, vincristine sulfate liposome injection.
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Patient Waiting for Treatment With Autologous
Chimeric Antigen Receptor T Cells
A 34-year-old man was referred for increasing fatigue,
petechiaeonthe lowerextremities,pallor,andapalpablespleen
tip. Laboratory studies showed a WBC count of 50,000 3
103 per mL (90% blasts), platelets 15,000 3 103 per mL,
hemoglobin 7.1 g/dl, and elevated serum lactate dehydroge-
nase. Bone marrow examination revealed 70% blasts positive
for terminal deoxynucleotidyltransferase, CD79a, CD10, CD19,
CD22, CD33, CD34, and human leukocyte antigen-DR. A
diagnosis of precursor B-cell ALL was made. Cytogenetic
analysis was negative for the Philadelphia chromosome.

Hyper-CVAD CT as given in four cycles (each cycle as A1B)
with central nervous system prophylaxis. He achieved a
complete remission and continued onto maintenance treat-
ment. Fourmonths after completinghyper-CVAD,he relapsed.
Hewas then treatedwith fludarabine1 cytosinearabinoside1
granulocyte colony-stimulating factor CT, and consideration
was given to allogeneic SCT. While typing and donor search
were being performed, the patient relapsed. His WBC count
was 25,0003 103 per mL (70% blasts). A bone marrow biopsy
was performed and showed 70% lymphoid blasts. He was
referred for an experimental treatment with autologous CAR
T cells to a site that provides this experimental treatment,
which is approximately a 4-hour commute. He signed the
informed consent and was scheduled for apheresis for T-cell
collection 2weeks later. At that time, the cellswould be sent to
a laboratory for expansion and geneticmodification, a process
estimated to take an additional 5 weeks before the cells could
be reinfused.

His WBC count was 45,0003 103 permL (90% blasts), and
he needed to be treated for the next 7 weeks to prevent
further disease progression and reduce his tumor burden.
Steroids could not be given because theywould interferewith
the patient’s T-cell functions. The referring physician also
would have liked to minimize toxicity and limit complications
from myelosuppressive agents before the CAR T procedure,
knowing that eligibility for CAR T treatment does not require a
CR, but that minimizing tumor burden would be very
beneficial.Vincristine sulfate liposome injection was given by
his local oncologist, and the patient’s WBC count dropped to
5,000 3 103 per mL with 10% blasts, and the bone marrow
showed 10% blasts. He was considered in partial remission
and continued with weekly VSLI until he received the CAR
T cells on schedule. Five days after CAR T cells were reinfused,
he developed cytokine release syndrome with fever, hypo-
tension, and hypoxia, which required intensive care unit
support. He recovered, and 30 days later, a CR was
documented.

Conclusions From Case 2
Chimeric antigen receptor T-cells have excellent activity in
relapsed pre-B-ALL. In this patient, VSLI was a safe, relatively
simple, andnonimmunosuppressivewayof keeping the tumor
from progressing while his CAR T cells were being prepared in
the laboratory.

Patient With Severe Disease and Symptoms
A 70-year-old woman presented to the emergency room with
feverandabdominalpain.Workuprevealedanenlargedspleen

and elevated WBC count with lymphoblasts. She was sub-
sequently diagnosedwith Philadelphia chromosome-negative
ALL. Immunophenotyping was positive for CD10, CD19, and
CD20, and the patient had a history of hypertension and
mild chronic obstructive pulmonary disease. Left ventricular
ejection fraction was 55%.

Thepatientbegantreatmentwithdaunorubicin, vincristine,
cyclophosphamide, and prednisone and achieved a CR that
lasted 1 month. She was admitted to the hospital and started
continuous infusionofblinatumumab.Onday 2, shedeveloped
feverandhypotension,whichare controlledwithsteroids.After
10 days, she was discharged. Two weeks after discharge, the
patient experienced dyspnea on mild exertion and pedal
edema; her LVEF was 30%, and her Eastern Cooperative
Oncology Group performance status (PS) was 2. At the same
time, her WBC count increased to 30,0003 103 per mL (30%
blasts). The patient and her family were concerned that she
may not be able to tolerate more intensive treatment. Based
on this information, palliative treatment was recommended,
with weekly doses of VSLI. Together with treatment for her
heart failure, her PS improved, and the blasts decreased. She
developed grade 2 constipation, relieved with stool softeners.
Because the blood count was stable and her QOL was
satisfactory, VSLI was continued without performing a bone
marrow examination. Five months later, her disease pro-
gressed, and she was sent to home hospice care, where she died.

Conclusions From Case 3
Given the dismal outcome of relapsed ALL with all treatment
modalities, palliation and quality of life become the treatment
goals.Vincristine sulfate liposome injection provided a useful,
convenient, and often effective agent when included in an
overall palliative treatment plan.

CONCLUSION
The key therapeutic goal in treating relapsed ALL is to rapidly
induce a CR. However, there is no standard induction therapy
after relapsed ALL, and most intensive salvage regimens have
reached their limits of tolerability [63]. Because responses to
single-agent therapy for relapsedPh2ALLgenerallyhavebeen
poor, integrating new agents in combination with established
CT platforms is being explored. Although novel therapies are
usuallydeveloped foruseas singleagents,manyare likely tobe
used in combination CTregimens. In the absence of a standard
ALL regimen, selecting an optimal CT regimen to serve as the
backbone of treatment remains problematic [55].

Current strategies focus on identifying newagents tailored
to relapsed ALL and the development of these agents for
clinical use. Given the toxicity associated with most CT
regimens used to treat relapsed ALL, an ideal new agent
would have a favorable safety profile. Table 1 shows new
agents for relapsedALL.Analternative toCT is immunotherapy
limited to B-cell-lineage ALL, such as the first-in-class BiTE
blinatumomab, CAR T cells, or the antibody-drug conjugate
inotuzumab ozogamicin. Newer chemotherapeutics include
nelarabine for T-cell ALL and clofarabine for patients younger
than21 years, bothofwhichhavebeen studied in combination
with other drugs [64–67].

Vincristine is a standard component of every ALL CT
regimen, but is never used as a single agent.The usual dose of
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1.4 mg/m2 is almost always capped at 2 mg because of
neurotoxicityconcerns.Thisde factouniversal dosagecaphas
limited evidence to support its use, and many ALL patients
receive subtherapeutic dosages [55]. Vincristine sulfate
liposome injection—the sphingomyelin- and cholesterol-
based nanoparticle formulation of VCR—is a new form
designed to overcome dosing and pharmacokinetic limita-
tions of standard VCR. The ability to deliver a higher dose
of VCR—for the first time—has led to ongoing studies

comparing CT with standard VCR versus CT with VSLI in first-
line lymphoma and ALL [61].

Although the targeted therapeutics area (e.g., kinase
inhibitors) is a critical avenue of research, liposomal drug
delivery has become an established technology platform,
gained considerable clinical acceptance, and is improving the
therapeutic usefulness of combination CT [53, 68]. Liposomal
formulationshave theability to “passively”accumulateat sites
of increased vasculature permeability and reduce the AEs of
the encapsulated drug relative to the free drug. This overall
increase in therapeutic index from reduced toxicity is a
welcome and valuable difference.
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