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Abstract

Newer approaches are needed for the treatment of relapsed and refractory acute lymphoblastic
leukemia (ALL). Asparaginase-based regimens are active in the treatment of pediatric ALL and
may be important in salvage therapy for adult patients. We conducted a pilot trial combining
methotrexate, vincristine, PEGylated-asparaginase, and dexamethasone (MOpAD) in adults with
relapsed or refractory ALL. We added tyrosine kinase inhibitors in patients with Philadelphia
chromosome positive (Ph+) ALL and rituximab in patients with CD20 positive B-cell ALL.
Among 37 patients treated (median age 42 years; median 2 prior therapies), the complete
remission (CR) rate was 28% and an overall response rate (ORR) was 39%. The median CR
duration was 4.3 months. Patients with Ph+ ALL had CR and ORR of 50% and 67%, respectively
and the CR and ORR in patients with T-cell leukemia were 45% and 56%, respectively. The
median survival in patients with CR/CRp was 10.4 versus 3.4 months in nonresponders (P =0.02).
The most common grade 3 or 4 nonhematologic toxicities were elevations in bilirubin and
transaminases, nausea, peripheral neuropathy, and hyperglycemia, which were managed with
supportive care, dose adjustments, and interruptions.

Introduction

There have been significant advances in the treatment of newly diagnosed adult acute
lymphoblastic leukemia (ALL), with complete response rates of 75 to 80% and cure rates of
30 to 40% [1,2]. But, relapses do occur and effective salvage therapy is needed. Patients
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receiving salvage therapy for their first relapse have CR rates of only 31 to 44% and 1-year
survival rates of 22 to 24% [3-5]. Beyond first salvage, the outcomes are even worse, with a
median survival of 3 months or less [6]. The addition of monoclonal antibodies in CD20-
positive ALL [7,8] and tyrosine kinase inhibitors (TKIs) in Philadelphia chromosome
positive disease [8,9] have improved outcomes in adults, but have not matched
corresponding cure rates achieved in childhood ALL [1,10]. Agents such as asparaginase are
mainstays of multidrug regimens in childhood ALL, but incorporation of these agents into
adult regimens has been met with only incremental progress [1,11]. Safely employing
asparaginase into salvage therapy programs for adult ALL is desirable, since it offers a new
mechanism of action, is nonmyelosuppressive, and unlikely to be cross-resistant with many
of the prior induction therapies.

The combination of methotrexate and asparaginase has been shown to be synergistic, but the
sequence of administration of this combination is important [12-15]. Giving asparaginase
before methotrexate inhibits the polyglutamination that is needed for methotrexate activity
[12-15]. Giving asparaginase after the methotrexate leads to enhanced efficacy and can
provide “rescue” from toxicity related to prolonged methotrexate levels [16,17]. A
combination of methotrexate, vincristine, L-asparaginase, and dexamethasone (MOAD) was
previously studied. In single-arm trial in newly diagnosed adults with ALL and a median age
of 38 (range, 15-73), MOAD demonstrated a CR rate of 76% with a median CR duration of
over 12 months [18]. One-third of patients achieving CR remained in remission for over 5
years. Toxicities included myelosuppression, elevation of liver enzymes, pancreatitis, and
thrombosis [18].

A new, PEGylated, formulation of L-asparaginase has been developed exhibiting more
favorable pharmacokinetic properties and better tolerance [19,20]. The new formulation has
a longer half-life, allows less frequent dosing, and may be associated with lower rates of
allergic reactions and development of neutralizing antibodies. We conducted a phase Il trial
investigating the safety and efficacy of methotrexate, vincristine, PEG-L-asparaginase, and
dexamethasone (MOpAD) in adults with relapsed and refractory ALL. Building on previous
studies, we allowed the incorporation of monoclonal antibodies and tyrosine kinase
inhibitors to this asparaginase-containing, nonanthracycline-based regimen when
appropriate.

Eligibility criteria

This open-label, prospective phase Il study (Protocol 2008-0267) was approved by the
Institutional Review Board of MD Anderson Cancer Center, and all patients provided
written informed consent according to institutional guidelines. The study was conducted in
concordance with the declaration of Helsinki.

Patients =1 year of age and Zubrod performance status <3, with previously treated ALL
(including Burkitt’s leukemia/lymphoma) or lymphoblastic lymphoma were eligible for
enrollment. Other eligibility criteria included adequate hepatic (serum bilirubin <3 mg/dL)
and renal (creatinine <3.0 mg/dL) functions, and the ability to sign informed consent.
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Pregnant patients and those with a known history of allergic reaction, serious pancreatitis,
hemorrhagic or thrombotic event related to PEG-L-asparaginase were excluded.

Treatment plan

A treatment cycle was defined as a minimum of 28 days and at least two cycles were
administered before determining failure, in the absence of rapidly proliferating disease.
Responding patients could receive up to six cycles of therapy on study.

The treatment dosing was as follows: methotrexate 200 mg/m? intravenously (1V) on Days 1
and 15 (reduced by 50% for creatinine clearance 10-50 mL/min); vincristine 1.4 mg/m?2 IV
(maximum dose 2 mg) on Days 1, 8, and 15 (reduced dose to 1 mg for pre-existing
neuropathy and/or bilirubin 2—3 mg/dL, hold for bilirubin >3 mg/dL); PEG-L-asparaginase
2,500 1U/m2 1V on Days 2 and 16 (no capping of dose; decrease by 50% if direct bilirubin
between 2 and 3 mg/dL; hold for bilirubin =3 mg/dL, clinically serious pancreatitis,
thrombosis not controlled with anticoagulation, or DIC); and dexamethasone 40 mg IV or
orally (PO) daily on Days 1 to 4 and 15 to 18. After an amendment due to toxicity, the
maximum dose of PEG-L-asparaginase was limited to 3,750 units per dose. Patients whose
leukemia was CD20 positive (=20% by flow cytometry or positive by
immunohistochemistry) received rituximab 375 mg/m2 IV on Days 1 and 15 during the first
four cycles. After an amendment, patients with BCR-ABL (Philadelphia chromosome)
positive ALL could be treated with: imatinib 400 to 800 mg PO daily, or dasatinib 70 to 100
mg PO daily, or nilotinib 200 to 400 mg PO daily, in combination with the chemotherapy.
Intrathecal chemotherapy for prophylaxis or active CNS disease was allowed. Use of
hydroxyurea or additional glucocorticoids to control proliferative disease was allowed
before starting therapy and for up 7 days (per cycle) during cycles 1 to 3 only. Amylase,
lipase, PT, PTT, fibrinogen, and AST were checked before each dose of PEG-L-
asparaginase. Supportive care was continued in all patients per institutional guidelines.
Myeloid growth factors (G-CSF or GM-CSF) were permitted, if in the best interest of the
patient and were temporally separated from methotrexate administration by 24 h.
Prophylactic broad spectrum antibiotics were permitted, and all patients received
levofloxacin, fluconazole, and valacyclovir (or their equivalent) while on study. As per our
standard practice, patients were advised to hold azoles the day before and day of vincristine
administration to reduce risk of toxicity.

Response criteria

A CR was defined as normalization of peripheral blood and bone marrow (BM) with <5%
blasts, a peripheral absolute neutrophil count (ANC) =1 x 10%/L, and a platelet count =100 x
10%/L. A partial response (PR) was defined as the same blood count recovery as CR with a
decrease in BM blasts of at least 50% and not more than 6 to 25% of abnormal cells in the
BM. CRp was defined the same as CR, but without recovery of platelet count =100 x 109/L.
CRp did not require freedom from platelet transfusion. MLFS (morphologic leukemia-free
state) was defined as CR but without recovery of ANC >1 x 109/L and without platelet
count =100 x 10%/L. The duration of response was measured from the time of response (CR
or PR) were first met until recurrent or progressive disease. Overall survival was measured
from the time of initiation on study until death.
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Statistical analysis

Results

The primary objective of this phase Il trial is to evaluate the efficacy of the combination
therapy and the primary endpoint is complete response (CR). The method of Thall et al. [21]
was employed to perform continuous interim futility and safety monitoring. Dynamic futility
boundaries were employed depending on salvage status, targeting a CR rate of 233% in
patients with less than two salvage therapies, and a CR rate of 215% in patients with
primary refractory disease or >2 salvage therapies. Continuous variables were summarized
by descriptive statistics such as median and range. Categorical variables were tabulated with
frequency and percentage. The overall response rate (ORR), complete response (CR) rate,
partial response rate (PR), etc. were estimated for all evaluable patients and by each
subgroup separately. Survival and response duration were evaluated using the Kaplan-Meier
method for all patients and by subgroup, respectively. Safety data was summarized by
category, severity, and frequency.

Patient characteristics

Efficacy

A total of 37 patients (43% female) were treated. Their median age was 42 years (range, 22—
69). One patient refused to complete treatment or evaluation; therefore, 36 patients received
treatment on study and were evaluable for response. The baseline characteristics of the
patients are outlined in Table I. Patients had received a median of two prior therapies (range,
1-6). For patients who were treated with MOpAD in the second-salvage setting and beyond,
their response to the immediate prior therapy was: refractory disease in 72%, CR in 20%,
and PR in 8%. Prior therapies included: HyperCVAD-based chemotherapy in 37 (100%),
rituximab-based therapy in 13 (35%), nelarabine-based therapy in 10 (27%), asparaginase-
based therapy in 8 (22%), and tyrosine kinase inhibitor-based therapy in 6 (16%).

A summary of responses overall and by disease subtype is shown in Table Il. Patients
completed a median of 1 course of therapy (range 1-5). Among the 36 evaluable patients,
the overall response rate (ORR, CR +CRp +PR) was 39%. Of the six patients with
Philadelphia chromosome-positive disease, including one with CML-LBP and five with
Philadelphia positive ALL, the ORR was 67%. Three of these patients received a
concomitant TKI (dasatinib in 2, nilotinib in 1). The response rate among these three
patients was 100%: two CR and one CRp. Eight patients with CD20+ pre-B-ALL received
rituximab in combination with MOpAD, resulting in three CR/CRp (38%). The ORR by
salvage status is outlined in Table I1. Of the 13 patients who achieved a CR or CRp, 6 (46%)
were able to proceed to stem cell transplant.

The overall survival for the entire population, for responding patients (CR/CRp/PR), and for
histologic subgroups is depicted in Fig. 1. The median survival for all patients was 3.4
months, compared with 10.4 months for responders. The CR duration for all patients
achieving a CR/CRp is shown in Fig. 2. CR durations for subgroups are also shown. The
median CR duration was 4.3 months overall, 4.3 months in patients with Philadelphia
chromosome positive leukemia, and not reached in patients with T-cell disease (Fig. 2).
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Safety and tolerability

All patients who received any therapy were eligible for toxicity evaluation. Given the patient
population and treatment, myelosuppression was universal. Nonhematologic, possibly-
related adverse events are outlined by frequency and grade in Table I11. With appropriate
dose-modifications and interruptions for toxicity, the regimen had acceptable tolerability.
Nineteen of the 37 patients (51%) did not receive the Day-15 peg-asparaginase and/or
vincristine during Cycle 1 for various reasons: abnormal bilirubin/transaminases (42%),
mucositis (11%), infection (11%), elevated amylase or lipase (11%), death (11%), peripheral
neuropathy (5%), disease progression in CNS (5%), decreased fibrinogen (5%), or
thrombosis (5%). Elevations in liver function tests (AST/ALT, bilirubin) were mostly
transient and responded to interruptions or delays in therapy. There was one case of
abnormal liver function which progressed to liver failure and death. Similarly, elevation in
amylase and lipase were transient and responded to interruption in therapy. There was one
case of clinically significant pancreatitis, treated with medical management with
improvement. Although a decrease in fibrinogen was common (70%) after administration of
peg-asparaginase, the incidence of thrombosis was only 14%.

Neutropenic fever and/or infections occurred in 26 (70%) patients on the trial. There were
40 episodes of infection among these 26 patients: 20 with a proven bacterial infection, 6
with pneumonia of unknown pathogen, 5 with neutropenic fever of unknown origin, 4 with
proven fungal infection (3 Candida, 1 Aspergillus), 2 with proven viral infection (influenza,
herpes simplex virus), and 3 with other infections (rectal abscess, osteomyelitis, and one at
outside hospital with no further information).

There were 14 deaths on study: 9 patients with bacteremia, pneumonia, or other infection, 1
sudden death of unknown etiology, and 4 patients who died outside of our institution with
no further information available. Two of these patients were in a CR/CRp at the time death,
while the rest had progressive disease or no response. The 30-day mortality rate was 19% (7
of 37).

Discussion

Newer therapeutic strategies using existing drugs have been effective in the treatment of
relapsed and refractory ALL in adults. Agents such as L-asparaginase, which are widely
used in the treatment of pediatric ALL, can be applied in adult practice after careful
consideration of existing comorbidities, organ function, and the implementation of dose- and
schedule-modification. In the current phase Il pilot study of MOpAD, we build on previous
work exploiting the schedule-dependent synergy of asparaginase and methotrexate in a
nonanthracycline based program. Along with leveraging the longer half-life and lower
immunogenicity of pegylated asparaginase in this trial, we also pilot the use of tyrosine
kinase inhibitors in Philadelphia positive ALL, as well as the addition of rituximab in
patients with CD20 positive ALL. In a refractory, heavily pretreated population, we
demonstrated significant clinical activity and feasibility of the MOpAD regimen, with
notable benefit in specific subgroups.
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Wiernik et al. first studied the combination of methotrexate, vincristine, L-asparaginase, and
dexamethasone as initial therapy in patients with newly diagnosed ALL [18]. This was
based on preclinical data suggesting schedule-dependent efficacy. They reported a complete
response rate of 76% in 55 previously untreated patients with a median age of 38 years [18].
The median CR duration was 12+ months, and the 3-year relapse free survival (RFS) rate
was 35%. This compares to a CR rate of 28% overall (38% in T-ALL and 50% in
Philadelphia positive disease) in the current study in heavily pre-treated patients with a
median of two prior therapies. Importantly, the regimen reported by Wiernik et al. was
somewhat different than the current protocol. Their regimen consisted of: an “induction/
consolidation” with up to 12 cycles of methotrexate (100 mg/m?2 IV with successive 50%
dose escalation up to 225 mg/m?), vincristine, and L-asparaginase given every 10 days along
with daily dexamethasone; followed by “cytoreduction” using high-dose methotrexate (100
mg/kg with stepwise 25% dose-escalation for subsequent doses) with leucovorin rescue,
vincristine, and dexamethasone; and then maintenance therapy. The higher-intensity,
prolonged therapy in a previously untreated population likely accounts for the higher rates of
response and prolonged survival.

In a more comparable study, Aguayo et al. studied the combination of MOAP, using
methotrexate 100 mg/m? IV on Days 1 and 15; vincristine 1.4 mg/m? (maximum 2 mg) 1V
on Days 1, 7, and 14; prednisone 200 mg orally daily on Days 1 to 5 and 14 to 19; and,
similar to the current study, peg-asparaginase 2500 1U/m? IV on Days 1 and 14 given 4 to 6
h after the methotrexate [22]. In 32 patients with relapsed or refractory ALL and a median
age of 34 years, they reported a CR rate of 22% [22]. Unlike the current study, the PEG-L-
asparaginase was capped at 3,750 IU and given on the same day, but 4 to 6 h after the
methotrexate. We used a higher dose of methotrexate and chose dexamethasone over
prednisone, based on data suggesting its superiority in ALL and its association with lower
rates of CNS disease [23-27]. Our CR/CRi rate of 36% compares favorably to Aguayo et al.
[22]. The CR rates among patients in first salvage (33% for MOAP vs. 27% for MOpAD)
and =2nd salvage (15% for MOAP vs. 24% for MOpAD) were similar.

We found significant activity in several subgroups that highlights heterogeneity of ALL and
may encourage further studies with MOpAD in these diseases. Among patients with
Philadelphia chromosome positive disease (N =6), MOpAD produced a CR/CRp rate of 67%
(100% among a subset of those who received a concomitant TKI), and a CR duration of 4.3
months (compared with a CR rate of 0% reported by Aguayo et al.). The combination with
tyrosine kinase inhibitors was well tolerated and feasible. Although this represented a small
cohort of patients, our experience suggests promising evidence for activity and the need for
further studies.

In patients with CD20+ disease, we added the anti-CD20 monoclonal antibody, rituximab.
Of eight patients with CD20 (+) B-ALL who were treated with rituximab combined with
MOPpAD, three had a CR/CRp (38%). This compares with two CR/CRps (15%) in 13
patients with B-ALL who did not receive rituximab. Monoclonal antibodies could be safely
added to MOpAD and may potentially improve outcomes. The regimen also demonstrated
significant activity in patients with relapsed and refractory T-cell acute lymphoblastic
leukemia and lymphoma with overall response rates of 38% and 100%, respectively and
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median CR duration that was not reached. This observation supports previous data
suggesting a trend toward better outcomes for T-ALL with asparaginase-based regimens
[21]. Confirmation of this preliminary signal of activity could translate into an important
salvage regimen for adults with T-cell ALL.

Toxicity was an important concern on the trial, particularly with the use of asparaginase in
adults with multiply pretreated ALL. Myelosuppression occurred in all patients and was
commonly associated with admissions for neutropenic fever and infection. There were nine
(24%) deaths on study due to infections. This compares with 19% (6 of 32) infectious deaths
reported by Aguayo et al. [22] in a salvage cohort and 13% (7 of 55) reported by Wiernik et
al. [18] in an untreated cohort. Besides myelosuppression, the most common toxicities
involved transient elevations in liver transaminases and bilirubin. Similar to Wiernik et al.
[18], we noted one case of liver function abnormality that ultimately progressed to liver
failure and death. Amylase and/or lipase elevations were seen in about a quarter of patients,
similar to the 22% incidence reported by Aguayo et al. However, this was associated with
clinically apparent pancreatitis in only one patient (3%), in contrast to an incidence of 11%
in a large CALGB experience [28] with unpegylated L-asparaginase. Hyperglycemia was
common with our use of dexamethasone, but was actually lower than reported by Aguayo et
al. [22] (22% vs. 41%), who utilized prednisone in their regimen. Due to its effect on the
production of coagulation factors in the liver, asparaginase has been associated with
coagulopathy and increased risk of thrombosis. Grade 3 or 4 hypofibrinogenemia was seen
in about a third of patients on the study, and associated with a 14% incidence of any and 8%
incidence of serious thrombosis. Larson et al. [28] similarly reported a 21% incidence of
severe hypofibrinogenemia and 6% incidence of clots. In contrast, Aguayo et al. [22]
reported a 19% incidence of decreased fibrinogen, but no clinically significant clots. The
higher incidence of coagulopathy in our cohort could be accounted for by differences in
patients across studies and the higher dose-intensity of peg-asparaginase (no capping of
dose) in our study. Because of the higher rates of liver enzyme abnormalities, coagulopathy,
and omissions of the Day-15 dose, we subsequently modified our protocol to limit the
maximum dose of peg-asparaginse to 3,750 units per dose. Severe hypersensitivity reactions
have been seen in up to 15% of ALL patients treated with un-pegylated L-asparaginase [28].
However, no clinically evident hypersensitivity reactions were seen in our study with the use
of peg-asparaginase. Our use of high-dose steroids (dexamethasone) as part of our treatment
and on the same days of peg-asparaginase treatment may have contributed to the lack of
clinically evident reactions and could certainly mask a silent hypersensitivity.

The outcomes of patients with relapsed ALL are poor. In the first-salvage setting, large
groups have reported CR rates of 31 to 44%, with a median OS of 5 to 6.3 months and a 5-
year OS of 3 to 7% [3-5]. Achieving a CR and proceeding to an allogeneic stem cell
transplant in this setting is associated with the best outcomes. Indeed, 53% and 25% of
patients were able to proceed for an allogeneic SCT in the French [4] and MD Anderson
Cancer Center [5] experiences, respectively. In patients beyond first salvage, the outcomes
are even more difficult. In a cohort of patients receiving second salvage therapy for ALL,
O’Brien et al. [6] report a CR rate of 18% and a median OS of only 3 months. Only 8% were
able to go on to an allogeneic stem cell transplant. In the current study, in patients with a
median of two prior therapies, we demonstrated a CR rate of 28% overall and 29% in the
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second salvage setting. The median OS was 3.4 months overall, but 10.4 months in
responding patients. In subgroups of patients with Philadelphia positive and T-cell disease,
the outcomes were even better. Among responders, 43% of patients were able to go on to a
stem cell transplant. The similar response rates among early and late salvage patients may

ag
ch
of

ain be explained by lack of overlapping resistance to asparaginase and prior
emotherapies. In conclusion, MOpAD is an active and tolerable regimen for the treatment
relapsed ALL. Suggestion of significant activity in patients with T-ALL and with a

tyrosine kinase inhibitor in patients with Philadelphia positive ALL warrants further study
with MOpAD in these subgroups.
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Figure 1.
Overall survival (OS). Top figure represents OS for all patients and those who achieved a

response (CR or CRp). Bottom figure represents the OS among subgroups: Philadelphia
positive B-ALL (Ph+), T-cell acute lymphoblastic leukemia/lymphoma (T-ALL/LL), and
Philadelphia negative B-ALL (B-ALL). mo =Months.
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Figure2.
Remission duration (CRd). Top figure represents CRd for all patients who achieved a

response (CR or CRp). Bottom figure represents the CRd among subgroups: Philadelphia
positive B-ALL (Ph+), T-cell acute lymphoblastic leukemia/lymphoma (T-ALL/LL), and
Philadelphia negative B-ALL (B-ALL). mo =Months.
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Patient Characteristics
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TABLE |

Characteristic

All patients (N =37)

Median age, yrs (range)
Female sex, N (%)
Median WBC [x10%/L] (range)
% PB blasts, median (range)
Median Hb [x10%L] (range)
Median platelets [x10%/L] (range)
% Marrow blasts, median (range)
Diagnosis
Pre-B ALL
Pre-T ALL
T-lymphoblastic lymphoma
CML-LBP
Philadelphia chromosome positive
Salvage status
First salvage
CR1D <12 mo
CR1D not reported
Second salvage

Third or greater salvage

42 (22-69)
16 (43)

4.8 (0.1-264.5)
1.3 (0-11.9)
9.8 (7.8-14.5)
30 (5-194)
79 (1-100)

24 (65)
8(22)
4(11)
1(3)
6 (16)

12 (32)
10 (83)
2(17)
14 (38)
11 (30)

N: number of patients; WBC: white blood cell; PB: peripheral blood; Hb: hemoglobin; ALL: acute lymphoblastic leukemia; CML-LBP: chronic
myelogenous leukemia-lymphoid blast phase; CR1D: Duration of first complete remission.
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Possibly Related Nonhematologic Toxicities (N =37 Evaluable Patients)

TABLE Il

Toxicity

All grades, N (%)

Grade 3/4, N (%)

Elevated AST/ALT
Elevated bilirubin
Decreased fibrinogen
Nausea

Neuropathy

Elevated amylase/lipase
Mucositis
Hyperglycemia
Diarrhea
Thrombosis
VVomiting

Pleural effusion

34(92)
31 (84)
26 (70)
11 (30)
10 (27)
9 (24)
8(22)
8(22)
7(19)
5 (14)
4(11)
4 (11)

8(22)
15 (41)
13 (35)

2(6)
4 (11)
3(8)
8 (22)

3(8)
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