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Summary

To test the safety and activity of 5-aza-2’-deoxycytidine (decitabine) in patients with relapsed/

refractory acute lymphocytic leukaemia (ALL), we conducted a phase 1 study with two parts:

administering decitabine alone or in combination with Hyper-CVAD (fractionated

cyclophosphamide, vincristine, doxorubicin and dexamethasone alternating with high-dose

methotrexate and cytarabine). Patients participated in either part of the study or in both parts

sequentially. In the initial part, decitabine was administered intravenously at doses of 10–120

mg/m2/day for 5 days every other week in cycles of 28 days. In the combination part, patients

were treated on the first five days of Hyper-CVAD with intravenous decitabine at 5–60 mg/m2/

day. A total of 39 patients received treatment in the study: 14 in the first part only, 16 sequentially

in both parts and 9 in the second part only. Decitabine was tolerated at all doses administered, and

grade 3 or 4 toxic effects included non-life-threatening hepatotoxicity and hyperglycaemia.

Induction of DNA hypomethylation was observed at doses of decitabine up to 80 mg/m2. Some

patients who had previously progressed on Hyper-CVAD alone achieved a complete response
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when decitabine was added. Decitabine alone or given with Hyper-CVAD is safe and has clinical

activity in patients with advanced ALL.

Keywords

Precursor Cell Lymphoblastic Leukaemia-Lymphoma; Clinical Trial; DNA Methylation;
decitabine

Introduction

Aberrant DNA methylation is a common feature of human malignancies, including

leukaemia (Florean, et al 2011). Two hypomethylating agents, 5-azacitidine and 5-aza-2’-

deoxycytadine (decitabine), are approved for patients with myelodysplastic syndrome

(MDS) and are used in acute myeloid leukaemia (AML) of the elderly (Keating 2009,

Lubbert and Minden 2005, Saba and Wijermans 2005). Because of the frequency of DNA

methylation alterations in other human malignancies, these agents are under broad

investigation (Estécio and Issa 2011, Ren, et al 2011).

Acute lymphocytic leukaemia (ALL) in adults is frequently characterized by relapse from

residual disease and poor prognosis. A hypermethylated genome appears to be critical in the

pathogenesis and relapse of lymphoid malignancies, just as it is in myeloid malignancies

(Garcia-Manero, et al 2009, Klimek and Tallman 2011). For example, detection of residual

methylation in treated ALL patients corresponds with relapse (Narayan, et al 2011). Existing

clinical reports have suggested that hypomethylating agents may have a role in treating

lymphoid leukaemia (Issa, et al 2004, Paulson, et al 2011, Willemze, et al 1993, Yánez, et al

2009). However, few prior studies have investigated hypomethylating agents in ALL

specifically (Garcia-Manero, et al 2002, Garcia-Manero, et al 2003, Garcia-Manero, et al

2009, Hoshino, et al 2007, Klimek and Tallman 2011, Narayan, et al 2011, Wong, et al

2012). Pre-clinical in vitro studies have indicated that restoration of epigenetically silenced

genes, a phenomenon observed with decitabine, results in cell death in ALL-derived cell

lines (Kuang, et al 2007). Decitabine has also been given in combination with cytotoxic

chemotherapy to patients with solid tumours who have previously been treated with

chemotherapy alone (Appleton, et al 2007), and pre-clinical studies have suggested

decitabine sensitizes leukaemia cells to cytarabine by hypomethylation (Qin, et al 2007).

Based on this information, we hypothesized that decitabine alone or in combination with

cytotoxic chemotherapy would prove beneficial to patients with relapsed, refractory ALL.

We conducted a two-part phase 1 study to investigate the safety, pharmacodynamics and

clinical activity of decitabine alone and in combination with Hyper-CVAD (fractionated

cyclophosphamide, vincristine, doxorubicin and dexamethasone alternating with high-dose

methotrexate and cytarabine), a commonly used cytotoxic chemotherapeutic regimen in

ALL (Kantarjian, et al 2000). Patients participated in either part alone, or in both parts

sequentially. Patients who had previously been treated with Hyper-CVAD were allowed to

participate in the second part, where decitabine was given with Hyper-CVAD. Our study

design allowed us to test dose escalation of decitabine alone or in combination with Hyper-

CVAD and the demethylation effects of various decitabine doses in ALL. It also provided a
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limited understanding of the sensitivity of advanced ALL to decitabine. Our analysis

revealed that decitabine was tolerated at all doses tested and that it induced DNA

hypomethylation up to doses of 80 mg/m2. Responses were observed in patients on

decitabine alone and on decitabine in combination with HyperCVAD.

Methods

Study group eligibility

Patients of any age and performance status with documented relapsed or refractory ALL

were eligible for this study. Other eligibility included total bilirubin less than 51.3 mmol/l,

liver function tests less than 5 times the upper limit of normal, and a creatinine level less

than 265.2 mmol/l. Any prior therapy or any number of prior therapies (full lines of

treatment) were acceptable, even for the second part using decitabine with Hyper-CVAD.

Patients must have completed prior chemotherapy at least 1 week before entering this study,

and must have recovered from the toxic effects of such therapy. Nursing and pregnant

patients were excluded, as were patients with uncontrolled active illnesses, such as infection.

Approval for the study was obtained from the University of Texas MD Anderson Cancer

Center Institutional Review Board. All patients gave written informed consent in accordance

with the Declaration of Helsinki following institutional guidelines. This trial was registered

at www.clinicaltrials.gov as NCT00349596.

Treatment

Our phase 1 investigation consisted of two sequential parts. In the first part, decitabine alone

was administered. If a patient progressed after receiving decitabine alone, there was the

option of participation in the second part of the study, where decitabine was used in

conjunction with Hyper-CVAD. Once accrual for the first part was complete (n = 30),

patients were enrolled in the second part of the study directly. In the initial part, decitabine

was given IV daily over 1 h for 5 days every other week on a 28-day course (Fig 1A). The

following doses were studied: 10, 20, 40, 60, 80, 100, and 120 mg/m2 per day (cumulative

doses of 100, 200, 400, 600, 800, 1000, and 1200 mg/m2, respectively, per course). In the

second part of the study, decitabine was administered on days 1–5 of Hyper-CVAD (Fig

1B). Hyper-CVAD was administered as previously described (Kantarjian, et al 2000). The

following doses of decitabine were studied: 5, 10, 15, 20, 40, and 60 mg/m2 (cumulative

doses of 50, 100, 150, 200, 400, and 600 mg/m2, respectively, per course). An extension

cohort was treated in both parts, using optimal dosage (determined for each part by

considering dosages with the most responses, fewest and least severe toxic effects, and most

significant global DNA demethylation).

Toxicity assessment and dose escalation

Toxicities were graded using the National Cancer Institute Common Toxicity Criteria for

Adverse Events (NCI CTCAE), version 3 (http://ctep.cancer.gov/protocolDevelopment/

electronic_applications/docs/ctcaev3.pdf). Patients were allowed to receive supportive care

measures, including steroids, antibiotics, antiemetics and growth factors, as clinically

indicated and according to institutional guidelines. A traditional 3+3 trial design was used

for all dosage increases (Le Tourneau, et al 2009, Storer 1989). If 2 or more patients had a
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grade 3 or higher non-haematological toxic effect, the dose of decitabine was considered

toxic. The maximum tolerated dose (MTD) was defined as the dose immediately below the

one producing a dose-limiting toxic effect (DLT) in 2 or more patients enrolled at that

dosage level. The MTD was based on toxic effects experienced during the first course of

therapy. The second part of the study was designed to evaluate the safety of the combination

of decitabine and Hyper-CVAD. Accrual and dose escalation were performed in the same

fashion as for the first part of the study. Patients were allowed to receive supportive care

measures, including steroids, antibiotics, antiemetics and growth factors, as clinically

indicated and according to institutional guidelines.

Response criteria and statistical methods

Response assessments were carried out with bone marrow aspiration on day 14 (±7 days),

day 28 (±7 days) and thereafter as indicated to document response. A complete response

(CR) was defined by the disappearance of all signs and symptoms related to disease, in

addition to normalization of peripheral blood counts defined by an absolute neutrophil count

(ANC) of 1 × 109/l or higher, platelet count of 100 × 109/l or higher, and 5% or less bone

marrow blasts. A CR without the recovery of platelets (CRp) was defined as bone marrow

with 5% blasts or less and normalization of ANC to 1 × 109/l or higher, but without platelet

recovery (platelet count less than 100 × 109/l). Complete marrow response (mCR) was

defined as bone marrow blasts less than 5% but without recovery of peripheral blood counts

(ANC less than 1 × 109/l and platelet count less than 100 × 109/l). Haematological

improvement was defined as at least 50% decrease in bone marrow blasts. Stable disease

was defined as no increase in the percentage of marrow blasts (within 10% of initial

percentage) after the first course of therapy and no increase in total number of white blood

cells and circulating blasts (within 10% of initial percentage). Remission duration was

calculated from the date of first response until relapse, and survival was calculated from the

date of therapy initiation until death from any cause. Patients were removed from the study

for progressive disease. Kaplan-Meier curves were used to evaluate survival and relapse-free

survival, and comparisons between curves were performed using a log rank test.

Isolation of human mononuclear cells

Human mononuclear cells were used to analyse DNA methylation. Peripheral blood from

patients was drawn into tubes containing heparin at a concentration of 30 U/ML.

Mononuclear cells were separated using Ficoll-Paque PLUS gradient centrifugation

(Amersham Biosciences AB, Uppsala, Sweden). The monocyte-enriched cell fraction was

collected and then washed twice with calcium- and magnesium-free phosphate-buffered

saline. After centrifugation, the phosphate-buffered saline was removed and the samples

frozen at −80°C.

Analysis of DNA methylation

To analyse the changes in DNA methylation with treatment, we investigated the dynamics

of long interspersed nuclear element (LINE) methylation (which corresponds to the level of

global methylation). Techniques for DNA extraction, modification, and polymerase chain

reaction (PCR) techniques have been described previously (Garcia-Manero, et al 2006,
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Shen, et al 2003). To determine the degree of methylation, we used a bisulfite

pyrosequencing assay that has been described previously (Garcia-Manero, et al 2006, Issa,

et al 2005). We analysed logarithms of gene methylation levels. The genomic methylation

patterns of specific groups (such as cohorts of various dosage levels or responders vs. non-

responders) were compared by adjusting for the baseline methylation of each particular gene

tested. We analysed the LINE methylation of decitabine-treated patients on days 0, 2, 5, 14,

16, 19 and 26 of treatment.

Results

Study group

A total of 39 patients received treatment in the study, and included 14 patients who

participated in the first part of the study only (decitabine alone), 16 patients who participated

in both parts of the study sequentially (decitabine alone until progression, followed by

decitabine + Hyper-CVAD), and 9 patients who participated in the second part only

(decitabine + Hyper-CVAD). In total, 30 patients were treated using decitabine alone, and

25 were treated using decitabine + Hyper-CVAD (Fig 1C). Table I shows patients’ clinical

and treatment characteristics. The median age of all patients treated was 33 years (range, 4–

67 years) and all patients had received at least one prior therapy (range, 1–7 therapies;

median, 3 therapies). Most patients (32 patients; 82%) had B-cell ALL and the remaining 7

patients (18%) had T-cell ALL.

Decitabine dose escalation and toxicities

We assessed 7 dose levels of decitabine (10, 20, 40, 60, 80, 100, 120 mg/m2) for the

decitabine alone part of the study, and a total of 6 dose levels of decitabine (5, 10, 15, 20,

40, 60 mg/m2) for the decitabine + Hyper-CVAD part. The number of patients at each dose

level for each part of the study who experienced any therapy-related toxicity grade 1–4 is

shown in Table II. No DLT was observed in any patient during either part, and all dosages

were generally well-tolerated. Therefore, the MTD was not reached, as the maximum dose

of decitabine in both parts of the study was tolerated. An optimal dose was determined and

used in extension phases for both parts. The optimal dose was determined based on

responses at each dose level, toxic effects observed at each dose level and the effect of each

dose on DNA methylation. At 60 mg/m2 for the decitabine alone study, there was one

responder, no grade 3 or 4 toxic effects and maximal hypomethylation (see DNA

methylation analysis). At 40 mg/m2 for the decitabine + Hyper-CVAD study, one patient

had CR and no patients had grade 3 or 4 toxic effects. These dosages were selected for the

extension cohorts. The most frequent grade 3 or 4 toxic effects associated with decitabine +

Hyper-CVAD therapy were hepatic dysfunction (10 patients) and hyperglycaemia (3

patients). Additionally, one patient each had renal dysfunction, diarrhoea, vomiting and

anorexia; no other grade 3 or 4 toxic effects were experienced.

DNA methylation analysis

We investigated the kinetics of DNA methylation in patients’ mononuclear cells whilst

receiving treatment with decitabine alone during this study. Global DNA methylation was

assessed using the LINE pyrosequencing assay (Fig 2A). Global methylation gradually
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decreased from day 0 to day 14, which corresponded with the administration of decitabine

on days 1–5. There was a return to a more hypermethylated state by day 16, with a decrease

again by day 19, which corresponded to the second administration of decitabine. By day 26,

the average methylation increased to near baseline.

We also evaluated the effects of the decitabine dosage on changes in global methylation (Fig

2B). For many dosages, methylation gradually decreased in the first 14 days of therapy,

increased by day 16, and decreased again during the second treatment. Specifically, a dose

of 60 mg/m2 yielded a maximal level of global demethylation. Most notably, at the dosage

of 60 mg/m2, LINE methylation continued to decrease from day 16 to day 28, whereas for

most other dosages, methylation increased after a second nadir around day 19. Doses of 100

and 120 mg/m2 did not induce global hypomethylation to the extent that doses of 10–80

mg/m2 did. Finally, we also plotted the LINE methylation of responders (CRp and mCR)

versus non-responders (Fig 2C). The patterns of demethylation were similar; however,

responders had a non-significantly larger decrease in methylation at the end of cycle 1 and

were noted to have larger fluctuations in global methylation with treatment.

Clinical activity

The responses observed in both parts of the study are shown in Table III. The overall

response rate (including CR, CRp and mCR) was 21% in the decitabine alone part and 56%

in the decitabine + Hyper-CVAD part. In the decitabine alone part, no patient achieved CR,

1 patient (3%) had CRp (dose level 80 mg/m2) and 5 patients (17%) had mCR. In the

decitabine + Hyper-CVAD part, 6 patients (24%) achieved CR, 1 patient (4%) had CRp and

7 patients (28%) had mCR. Table III also shows the number of courses needed to yield

treatment response at each dosage. One patient achieved CR only after 3 courses of therapy

with decitabine + Hyper-CVAD. This patient also received one course of decitabine alone

with no response (NR) prior to participating in the decitabine + Hyper-CVAD part of the

study. Two patients who achieved CR on the second part of the study subsequently received

haematopoietic stem cell transplants.

Median survival among all patients was 3.0 months (range, 0.5–34.2 months, Fig 3A).

Median disease-free survival among patients who had any response (CR, CRp, or mCR) was

14.6 months (range, 0.0–30.3 months, Fig 3B). We compared the survival rates of

responders (CR/CRp only) with those of non-responders for both parts (Fig 3C). Responders

to decitabine or decitabine + Hyper-CVAD had a statistically significant improved survival

over non-responders (P< 0.001), with a median survival of 15.3 months (range, 3.0–34.2

months) versus 2.4 months (range, 0.5–30.1 months).

Subset analyses of CR/CRp patients and patients previously receiving HyperCVAD

We evaluated the characteristics of the 8 patients that achieved a CR or CRp in both parts of

the study (Table IV). One patient who responded to decitabine alone (CRp) had T-cell ALL.

Of the 8 patients who achieved CR or CRp, 5 patients had received Hyper-CVAD alone

before enrolling in the current trial. Of those 5 patients, 2 (40%) had achieved CR on Hyper-

CVAD prior to relapse, while 3 (60%) had disease that was refractory to Hyper-CVAD

before the addition of decitabine on protocol. Outcomes of other patients who had
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previously received Hyper-CVAD–based therapies without decitabine are reviewed in Table

V. In addition to the 5 patients who achieved a CR or CRp on trial, there were 8 patients

who achieved a mCR (4 patients on decitabine and 4 patients on decitabine + Hyper-

CVAD). Out of 7 patients who had NR to previous Hyper-CVAD treatment, one patient

each had CR, CRp and mCR on trial. Out of 19 patients who had previously responded and

then progressed after Hyper-CVAD, a total of 10 patients had CR, CRp or mCR on study.

Individual patients’ responses to all known prior therapies are included in the supporting

information (Table SI).

Discussion

We report one of the first trials to study the safety and clinical activity of decitabine in ALL

in a significant cohort of patients. We have demonstrated that decitabine is safe and well

tolerated at all doses tested, both alone and in combination with Hyper-CVAD–based

chemotherapy. We have also shown that decitabine induces global hypomethylation in ALL

patients at doses as high as 80 mg/m2. Finally, we noted that decitabine has clinical activity

in relapsed or refractory ALL, particularly when given in combination with Hyper-CVAD.

Overall response rate was 21% in the decitabine alone group and 56% in the decitabine plus

Hyper-CVAD group. A significant number of patients achieved meaningful responses with

this approach to therapy. Two patients who participated in the decitabine plus Hyper-CVAD

part of the study achieved a CR and were able to undergo haematopoietic stem cell

transplantion. Other patients who achieved CR did not undergo transplant for other reasons,

including (most commonly) short duration of CR. Responses were achieved in both children

and adults, and no conclusion can be made about the relative effectiveness of decitabine in

younger versus older ALL patients.

We sought to understand the pharmacodynamics of decitabine with respect to its

demethylation activity in ALL. Decitabine is a DNA methyltransferase inhibitor that causes

dose-dependent demethylation of genomic DNA as well as histone modification in a specific

pattern (Jabbour, et al 2008). The doses of decitabine used in this study were determined

partly based on its pharmacology as well as previous experience with its use as a

hypomethylating agent in MDS, AML and chronic myeloid leukaemia (Momparler 2005).

Based on our current understanding of its hypomethylating behaviour at particular doses,

decitabine probably acts through the restoration and reactivation of epigenetically silenced

genes that inhibit leukaemic growth (Baylin 2005). Its clinical effectiveness appears to

depend on repeating cycles of low-dose administration, so that the drug may be incorporated

into the DNA of proliferating leukaemic cells (Jones and Taylor 1980). We demonstrated

demethylation activity of decitabine at doses up to 80 mg/m2, and a dosage of 60 mg/m2 was

most effective for demethylation of mononuclear cells from patients tested in our study.

Doses of decitabine used in this study for patients with ALL were higher than those used in

MDS. In this study, the higher dosages in the range studied appeared to generate superior

results in our patients. The higher dosages may reflect disease-specific, genomic-level

changes that must take place for the drug to exert its effect in ALL patients. There are a

number of potential reasons for disease-dependent effective dosage differences. First,

different drug concentrations may exert effects on different groups of genes critical in the

Benton et al. Page 7

Br J Haematol. Author manuscript; available in PMC 2015 November 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



pathogenesis of lymphoid versus myeloid malignancies. Second, results from different

dosages may reflect differences in the number of tumour cells, total tumour mass or the

kinetics of leukaemic cell proliferation in lymphoid versus myeloid malignancies. Lastly,

decitabine is often administered on a 10-day schedule for AML, on either days 1–5 and 8–12

or days 1–10 of a 28-day cycle (Blum, et al 2010, Issa, et al 2004). In the present decitabine-

alone study, decitabine was administered on a 5-day schedule every other week (days 1–5

and days 15–19 of a 28-day cycle). Dosing schedule may prove important when considering

the incorporation of decitabine in the context of each type of malignancy treated.

Three patients who had NR to prior Hyper-CVAD–based therapies achieved a response in

this trial with the addition of decitabine and a total of 13 responders (3 CR, 2 CRp and 8

mCR) had previously undergone Hyper-CVAD–based therapies and subsequently had

disease progression. Based on the current study, there is no evidence that decitabine restores

sensitivity to Hyper-CVAD. Our results do, however, suggest that decitabine plus Hyper-

CVAD may serve as a viable option for patients with refractory or relapsed ALL who have

disease progression after Hyper-CVAD alone.

The idea that key epigenetic events are critical in ALL pathogenesis is supported by recent

work demonstrating that methylation signatures of genetically distinct adult B-cell ALL

samples correlate to specific genetic dysregulation (Geng, et al 2012). Additionally, there is

growing evidence that ALL leukaemic cells utilize stem and progenitor cellular and

molecular pathways in the initiation and progression of disease (Pui, et al 2004). This

aberrant subpopulation may be responsible for evading treatment and relapse (Reya, et al

2001). The NOTCH pathway, for example, is involved in cell-fate decisions in the lymphoid

branch of the developmental haematopoietic tree, and is also highly dysregulated in some

ALL (Grabher, et al 2006). Recently, it was shown that the NOTCH-HES pathway is

epigentically dysregulated in B-ALL through hypermethlyation (Kuang, et al 2013).

Additionally, several genes shown to be methylated in ALL are involved in WNT signalling,

a known stem cell pathway regulator (Clevers 2006, Garcia-Manero, et al 2009). As

haematopoietic maturation relies on proper methylation and demethylation of critical

developmental genes, these pathways may also be dysregulated in leukaemic cells (Cedar

and Bergman 2011). Decitabine may be important in the elimination of these stem-like cells.

Although there were fewer patients who responded in the decitabine alone group, this

treatment yielded fewer side effects, and may be an option for ALL patients who cannot

tolerate intensive therapies. Certain subsets of ALL patients, determined by molecular

profiling, may benefit from decitabine therapy, however these were not identified in the

current study. Future work will focus on identifying those patients who will most benefit

from decitabine treatment, and whether combination with other agents, such as histone

deacetylase inhibitors, will be beneficial in ALL (Kalac, et al 2011). While the precise

mechanism of this treatment is investigated, additional studies are warranted using

decitabine alone, or in combination with Hyper-CVAD, as an option for patients with

relapsed, refractory ALL.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig 1.
Dosing schedule and patient numbers for both parts of the decitabine in this acute

lymphoblastic leukaemia phase 1 trial. A–B) One complete 28-day course is shown for both

studies. Black arrows represent dosing of decitabine and dashed grey arrows represent bone

marrow aspiration for disease assessment on day 14 and 28. A) For the first part of the

study, decitabine was administered alone IV daily for 5 days every other week (days 1–5

and days 15–19). B) In the second part, decitabine was administered IV daily for 5 days,

starting on day 1 of each cycle of Hyper-CVAD (fractionated cyclophosphamide,
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vincristine, doxorubicin and dexamethasone alternating with high-dose methotrexate and

cytarabine). C) Flow chart showing accrual and numbers of patients enrolled on each part of

the trial including those receiving only decitabine, those who were on both parts, and those

who received only decitabine+HyperCVAD.
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Fig 2.
Dynamics of global DNA methylation with decitabine therapy. Global DNA methylation

was assessed with long interspersed nuclear element (LINE) methylation, where a bisulphite

pyrosequencing assay was performed on patients’ mononuclear cells on days 0, 2, 5, 14, 16,

19 and 26 of treatment. A) Average methylation of all patients tested. B) Methylation of

patients by dosage of decitabine. C) Methylation of responders (Resp) vs. non-responders

(Non-resp).
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Fig 3.
Survival analyses. A) Overall survival for patients in both parts of the trial (n = 39). B)

Disease-free survival for CR, CRp, and mCR patients in both parts (n = 19). C) Survival of

responders versus non-responders in both parts. Median survival for CR/CRp group was

15.3 months (range, 3.0–34.2 months), and median survival for all others was 2.4 months

(range, 0.5–30.1 months). CR, complete response; CRp, complete response without recovery

of platelets; mCR, complete marrow response.
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Table I

Patient characteristics (n = 39).

Characteristic Total

Patients, n 39

Age, years; median (range) 33 (4–67)

Gender, n (%)

    Female 14 (36)

    Male 25 (64)

Prior therapies, n; median (range) 3 (1–7)

    Primary resistant, n (%) 9 (23)

    ≥ 2 prior therapies, n (%) 30 (77)

    Prior transplant 7 (18)

CR1

    Duration, weeks: median (range) 40 (0–424)

    No response / primary resistant, n (%) 8 (21)

    Duration of CR1 < 52 weeks, n (%) 22 (56)

    Duration of CR1 ≥ 52 weeks, n (%) 17 (44)

Cytogenetics, n (%)

    Diploid 7 (18)

    Ph+ 4 (10)

    −5/−7 6 (15)

    11q deletion 1 (3)

    Other 21 (54)

Phenotype, n (%)

    B-cell 32 (82)

    T-cell 7 (18)

WBC, × 109/l; median (range) 5.3 (0–131.9)

Creatinine, mmol/l; median (range) 70.7 (26.5–159.1)

Bilirubin, mmol/l; median (range) 8.6 (3.4–32.5)

n, number; CR1, first complete remission; Ph+, Philadelphia chromosome-positive; −5/−7, deletion of chromosome 5 and/or 7; 11q deletion,
deletion of chromosome 11q; WBC, white blood cell count.
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Table IV

Characteristics of patients who achieved CR/CRp as best response in either part of the trial (n = 8).

Characteristic n

T-ALL Phenotype 1

Cytogenetics

    Diploid 2

    Ph+ 0

    −5/−7 2

    Other 4

Prior therapies, median (range) 2 (1–4)

Prior decitabine 4

    Prior response to decitabine 1 mCR

Prior Hyper-CVAD 5

    Prior response to Hyper-CVAD 2 CR, 3 NR

n, number; T-ALL, T-cell acute lymphoblastic leukaemia; Ph+, Philadelphia chromosome-positive; −5/−7, deletion of chromosome 5 and/or 7; CR,
complete response; CRp, complete response without recovery of platelets; mCR, complete marrow response; Hyper-CVAD, fractionated
cyclophosphamide, vincristine, doxorubicin and dexamethasone alternating with high-dose methotrexate and cytarabine.

Br J Haematol. Author manuscript; available in PMC 2015 November 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Benton et al. Page 21

T
ab

le
 V

R
es

po
ns

es
 a

m
on

g 
pa

tie
nt

s 
w

ho
 h

ad
 p

re
vi

ou
sl

y 
re

ce
iv

ed
 H

yp
er

-C
V

A
D

 a
lo

ne
 o

r 
w

ith
 o

th
er

 th
er

ap
y,

 s
uc

h 
as

 r
itu

xi
m

ab
, t

yr
os

in
e 

ki
na

se
 in

hi
bi

to
r 

or
 L

-

as
pa

ra
gi

na
se

 (
n 

=
 2

6)
. N

R
 in

cl
ud

es
 d

is
ea

se
 r

ef
ra

ct
or

y 
to

 tr
ea

tm
en

t.

R
es

po
ns

es
C

R
C

R
p

m
C

R
N

R
T

ot
al

P
ri

or
 r

es
po

ns
e 

on
 H

yp
er

-C
V

A
D

19
0

0
7

26

B
es

t 
re

sp
on

se
 o

n 
tr

ia
l

3
2

8
13

26

R
es

po
ns

e 
on

 D
ec

it
ab

in
e 

al
on

e
0

1
4

10
15

R
es

po
ns

e 
on

 D
ec

it
ab

in
e 

+ 
H

yp
er

-C
V

A
D

3
1

4
7

15

P
ri

or
 C

R
 o

n 
H

yp
er

-C
V

A
D

2
1

7
9

19

P
ri

or
 N

R
 o

n 
H

yp
er

-C
V

A
D

1
1

1
4

7

H
yp

er
-C

V
A

D
, f

ra
ct

io
na

te
d 

cy
cl

op
ho

sp
ha

m
id

e,
 v

in
cr

is
tin

e,
 d

ox
or

ub
ic

in
 a

nd
 d

ex
am

et
ha

so
ne

 a
lte

rn
at

in
g 

w
ith

 h
ig

h-
do

se
 m

et
ho

tr
ex

at
e 

an
d 

cy
ta

ra
bi

ne
; C

R
, c

om
pl

et
e 

re
sp

on
se

; C
R

p,
 c

om
pl

et
e 

re
sp

on
se

w
ith

ou
t r

ec
ov

er
y 

of
 p

la
te

le
ts

; m
C

R
, c

om
pl

et
e 

m
ar

ro
w

 r
es

po
ns

e;
 N

R
, n

o 
re

sp
on

se
.

Br J Haematol. Author manuscript; available in PMC 2015 November 01.




