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Abstract

Hypomethylating agents such as 5-azacytidine or decitabine have been a major breakthrough in

the treatment of patients with myelodysplastic syndromes (MDS). They have been shown to

improve transfusion requirements and change the natural history of the disease. However, with

increasing cumulative clinical experience, it has become apparent that these agents are not

curative and have their own shortcomings. There are a subgroup of patients who do not respond to

frontline therapy and a large, growing cohort of patients that lose response or progress while on

hypomethylating agent-based therapy. There are no standard treatment options in this arena and is

therefore a focus of significant research interest. Since the mechanisms of resistance to

hypomethylating agents are not known, selection of therapy is largely empiric, but must take into

account the age, comorbidities, and performance status of the patient as well as the characteristics

of the disease at the time treatment failure. Higher intensity approaches and allogeneic stem cell

transplant can yield high response rates and long term disease control, but should be limited to a

selected cohort of patients who can tolerate the treatment related morbidities. For the majority of

patients who will likely be better candidates for lower intensity therapy, several novel,

investigational approaches are becoming available. Among these include newer nucleoside

analogues, inhibitors of protein tyrosine kinases, molecules that interact with redox signaling

within the cell, immunotherapy approaches, and others. Patients with MDS whose disease has

failed hypomethylating agent therapy should be referred for clinical trials when available. As we

learn more about the patterns and mechanisms of failure, the next challenge will be determining

which therapies would be suitable for each individual patient.
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Introduction

Myelodysplastic syndromes (MDS) are a heterogeneous group of malignant clonal disorders

that are characterized by ineffective hematopoiesis, morphologic dysplasia in the bone

marrow, cytopenias, and the increased potential to transform into acute myeloid leukemia.
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MDS is a generally a disease of older adults, with a median age at diagnosis of about 70

years.1–4 MDS remains a lethal disease, with allogeneic bone marrow transplantation being

the only potentially curative therapy, a therapy that is difficult to deliver in an elderly

population with age-related comorbidities. Until recently, there has been no effective, MDS-

specific therapy other than supportive care and growth factor supplementation. However, the

recent approval of agents such as lenalidomide5,6, 5-azacytidine7, and decitabine8 confirm

their proven activity in MDS and the potential to change the natural history of this disease.

Two of these drugs, 5-azacytidine (5-aza) and decitabine are both DNA-methyltransferase

inhibitors or so-called “hypomethylating” agents at low doses and represent among the first

examples of epigenetic therapy in cancer. Both are widely used currently in the treatment of

MDS and are generally well tolerated. Recent data demonstrating an overall survival (OS)

benefit for patients treated with 5-aza suggest that this approach may be changing the natural

history of the disease.9 However, there are still a significant proportion of patients with

MDS who do not respond to therapy with hypomethylating agents and patients who lose

response or progress on therapy. Since there are limited therapeutic options in this setting,

this represents a challenging cohort of patients and constitutes important area of research.

In this review, we will briefly summarize the treatment of MDS with hypomethylating

agents, including data from clinical trials of 5-aza and decitabine. A more detailed review of

these agents is available in other sections of this issue. We will then review the patterns of

failure to hypomethylating agent-based therapy and highlight some of the challenges in

treating these patients. Finally, we will explore some of the newer therapies and strategies

that are being studied in this population.

5-azacytidine

5-aza is a nucleoside analog of the naturally occurring cytidine in which the 5-carbon of the

pyrimidine ring is replaced with a nitrogen. Since it is a ribonucleoside, it becomes

phosphorylated and incorporated into newly created strands of RNA.7 There, it can disrupt

RNA metabolism and protein synthesis, leading to cytotoxicity. However, 5-aza is also a

substrate of ribonucleotide reductase, which converts it into a dexoribonucleoside. This can

then become phosphorylated and incorporated into DNA – leading to inhibition of DNA

synthesis or inhibition of DNMT1 (DNA methyltransferase −1) leading to cytotoxicity or

hypomethylation, respectively.7

Initial studies in MDS were conducted by the Cancer and Leukemia Group B (CALGB) and

demonstrated the safety and significant clinical activity of intravenous (IV) or subcutaneous

(SQ) administration of 5-aza. After demonstrating efficacy in 2 single arm trials (CALGB

8421, 8921) a randomized controlled phase III multicenter clinical trial was conducted

comparing 5-aza treatment to best supportive care.10,11 The trial enrolled 191 patients with

MDS who had cytopenias or transfusion requirement. The patients were randomized to

either 5-aza given at a dose of 75 mg/m2/d SQ daily for 7 days every 28 days vs. best

supportive care, with the primary efficacy endpoint of overall response (OR). The trial was

designed to allow for patients to crossover from the observation arm to treatment with 5-aza

if they met prespecified criteria of disease progression. The study demonstrated an OR rate
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(ORR) of 60% in the treatment arm (including 7% complete remission [CR], 16% partial

remission [PR], and 37% hematological improvement [HI]) compared to an ORR of 5% (no

CR or PR) in the supportive arm. There was also an improved time to leukemic

transformation or death in the treatment arm, as well as a suggestion of possible survival

benefit. Given the cross over design of the trial and lack of power, a statistically significant

survival benefit was not shown. This study (CALBG 9221) led to the FDA approval of 5-aza

for the treatment of MDS in the U.S.10

A second, large randomized trial was performed to study the effect of 5-aza on overall

survival.9 This was a Phase III international, multicenter, randomized prospective trial

designed to demonstrate the superiority of 5-aza + best supportive care (BSC) in prolonging

overall survival compared to so called “conventional care regimens” (CCR) + BSC.

Conventional care regimens were defined as: 1) best supportive care, 2) low dose ara-C

(LDAC, 20mg/m2/d × 14d, q28d), or 3) standard chemotherapy including induction/

consolidation. Investigators preselected patients with high or int-2 risk patients into one of

the 3 CCRs prior to them being randomized. The trial did not allow use of erythropoietin

and analysis was by intent to treat principle. A total of 358 patients with higher risk MDS

were randomized between the two arms. The 5-aza was well tolerated among the treated

patients and its safety profile was consistent with previous reports. Most notably, the study

demonstrated a significant survival benefit for patients in the 5-aza arm compared to those in

the CCR arm (HR 0.58; 95% CI: 0.43, 0.77). The Kaplan-Meier estimated overall survival

was 24.4 months for 5-aza compared to 15 months with CCR (p=0.0001). The 2 year

probability of survival was 50.8% vs 26.2% (p<0.0001) in favor of the azacytidine arm.9

This trial confirms previous observations of 5-aza in MDS and establishes its role as the

standard of care in this population.

Decitabine

Decitabine (5-aza-2’-deoxycytidine), much like 5-aza, is a nucleoside analog of cytidine in

which the 5 –carbon of the pyrimidine ring is replaced by a nitrogen. The difference lies in

the carbohydrate backbone, which is a deoxyribose sugar in decitabine – allowing it become

incorporated directly into DNA after being phosphorylated by cellular kinases.12 There is no

requirement for conversion by ribonucleotide reductase and decitabine is not incorporated

into RNA. Once incorporated into DNA, decitabine covalently binds to DNA-

methyltransferase and traps it, leading to its irreversible inhibition.12 At high doses,

decitabine causes DNA crosslinking and DNA synthesis arrest, emulating a cytotoxic agent.

However, at lower doses, the cell survives with depleted levels of DNA-methyltransferase

and consequent DNA hypomethylation.13

Following promising phase I and II clinical trial data demonstrating significant activity of

low dose decitabine in MDS, a multi-center randomized phase III trial of decitabine vs. best

supportive care was conducted in the U.S.8 In this trial, decitabine was given at a dose of 15

mg/m2 IV over 3 hours, every 8 hours daily for 3 consecutive days once every 6 weeks.

Supportive care, including transfusions, antibiotics, and hematopoietic growth factors, was

provided according to generally accepted guidelines to patients on both arms. A total of 170

patients representing all FAB (French American British classification) subtypes of MDS
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were enrolled on the trial – 89 randomized to decitabine, and 81 to supportive care alone.

The ORR of patients on the decitabine arm was 17% (15/89) including 8 CRs (9%) and 7

PRs (8%). The supportive care arm had no responses. The time to first response was 3.3

months (2 – 9.7 months) with a median duration of response of 10.3 months (4.1 – 13.9

months). The rate of HI on the decitabine arm was 13% vs. 7% on the supportive care arm.

This translated into an overall improvement rate (CR+PR+HI) of 30% vs. 7% in favor of the

treatment arm (p<0.001). There was a trend towards longer time to progression to acute

myeloid leukemia (AML) or death for the decitabine arm (12.1 months vs. 7.8months,

p=0.16) but it was not statistically significant. Of the patients who were evaluable for

cytogenetic response, 35% vs. 10% achieved complete cytogenetic remission in favor of the

decitabine cohort. Decitabine was relatively well tolerated in this population, with the

expected myelosuppression being the most common side effect. Results from this and

previous studies led to the FDA approval of decitabine for patients with MDS.

Further work to define the optimal dose and schedule of decitabine to exploit its

hypomethylating effects was conducted by investigators at MD Anderson Cancer Center

(MDACC). Two separate trials studied lower dose and prolonged exposure of

decitabine.14,15 In a phase II adaptively randomized trial of low dose decitabine in advanced

leukemia a 5 day intravenous schedule (20 mg/m2) was chosen as the most optimal,

demonstrating a CR rate of 32%, compared with 21% in the SQ arm and 24% in the 10 day

IV arm.15 Correlative studies on the trial also showed a more pronounced degree of

hypomethylation achieved with the 5 day IV schedule.

Outcomes after Hypomethylating Agent-Based Therapy

Based on these data and subsequent FDA approval, treatment with the hypomethylating

agents 5-aza and decitabine has become the standard of care for patients with MDS who

require therapy. The treatments are well tolerated even in the elderly population and are

most commonly administered in an outpatient setting, reducing hospital days and improving

quality of life. Studies have shown overall response rates of 28% to 48% with complete

remission rates 6% to 34%. In responding patients, the median duration of response is

between 8 and 10 months with improved overall survival and decreasing transfusion

requirements. In those patients who do not respond to hypomethylating therapy and those

who relapse or progress after an initial response, the prognosis is poor. These patients often

have a resistant-disease phenotype and generalized deconditioning associated with disease

progression after chemotherapy. The paucity of active agents in this setting creates a

challenging situation and an opportunity for further research.

Retrospective studies following the natural history of patients in whom hypomethylating

agents have failed allow us to frame the problem and identify the patterns of failure. For

example, investigators at MDACC recently reviewed their experience with patients with

MDS after failure of decitabine therapy.16 Data from 87 patients with MDS and chronic

myelomonocytic leukemia who received decitabine were retrospectively analyzed. The best

response in this cohort included CR in 21 (24%), PR in 2 (2%), marrow CR in 6 (7%), and

HI in 21 (24%) patients, for an overall response rate of 57%. With a median followup of 21

months, the median survival after decitabine failure was only 4.3 months and the estimated
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12-month survival rate was 28%. (Figure 1) The patterns of failure in this cohort included

25% (22 patients) who progressed to AML, and 75% (65 patients) who had persistent MDS.

(Figure 2)

Among the 22 patients who evolved to AML: 10 received intense chemotherapy (IC), 2 of

whom achieved a CR with a median duration of 6 months, and 1 marrow CR with a

response duration of >5 months; 9 patients received lower intensity investigational agents, 2

of whom who achieved a CR of 3 and 11 months with clofarabine and cloretizine

respectively, and 1 achieved a marrow CR of 8 months after cloretazine; 1 patient received

an allogeneic stem cell transplant (SCT) with a CR > 14months.

Of the 65 patients who remained with MDS, 10 received IC: 2 of whom achieved a marrow

CR with a median duration of 7 months; 30 patients received investigational agents: 3 of

whom achieved a CR with median duration of 5 months on clofarabine, 1 a CR of 4 months

with sapacitabine, and 2 with bone marrow CR and hematologic improvement of 3 months

and 2 months respectively on clofarabine; and 4 patients received an allogeneic SCT: 2 of

whom achieved a sustained CR of > 24months. So in summary, overall response rates to

subsequent therapy after failure of decitabine were 20% to 30% for intensive chemotherapy

and 20% to 33% for lower intensity investigational agents. For the small number of patients

who were offered (and who were candidates for) a SCT it remained a good option with

durable responses.

In a separate study, investigators examined the long term outcomes and patterns of failure of

hypomethylating agent-based therapy with either 5-aza or decitabine in combination with

valproic acid on 2 completed clinical trials involving patients aged >60 years with high risk

MDS or AML.17 Of 46 evaluable patients, there were 19 responses (41%), including 16 CR

(35%), 1 CRp (CR without platelet recovery, 2%), and 2 PR (4%). The median duration of

response was 36 weeks and the median overall survival of the entire group was 39 weeks

(58 weeks in the responding patients). Among the responding patients, the patterns of failure

included: 7 (37%) with progressive AML, 6 (32%) with prolonged cytopenias/persistent

MDS unable to receive further therapy, 3(16%) stopped by patient choice, 1 (5%) died of

infection while in CR, and 2 (11%) died in CR of unrelated causes.(Figure 3) Of the 13

responding patients who were candidates for further therapy, salvage regimens were: IC in 4

(31%), low intensity investigational therapy (oral 5-azacytidine, lenalidomide, sapacitabine,

clofarabine+low dose cytarabine,vorinostat) in 6 (46%), and no further therapy or supportive

care in 3 (23%). Only 1 of the 4 patients (25%) receiving IC responded and had a CR

duration of 3 months. The authors concluded that patients who fail epigenetic therapy have a

poor prognosis, low response rate to IC and should be considered for investigational

approaches.

From these and other clinical experiences, it is apparent that the typical failures to

hypomethylating agent-based therapies can be generally divided into 3 categories: about

one-third of patients progress to AML; about one-third have persistent, progressive MDS

with worsening cytopenias; and about one-third refuse further therapy or die from

complications. Patients within the first 2 groups are focus of the ensuing discussion

regarding further therapy. Given their age and performance status following progression
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after chemotherapy, many of these patients are not eligible for intensive chemotherapy or

allogeneic stem cell transplant. In those patients who are eligible, especially those who

progress to AML, intensive chemotherapy can be a reasonable option as long as the

treatment-related mortality and overall survival rates associated with these approaches is

made clear. For the majority of patients who need more lower-intensity approaches, there is

no clear standard of care and there are several lines of clinical investigation that are ongoing.

Since we do not yet know the clear mechanism of resistance to hypomethylating agents nor

the biology associated with progressive disease, choosing the next therapy at this stage is

largely empirical and based on availability and predicted tolerance of the therapy in the

individual patient.

Mechanism of Resistance

Although clinical experience with these agents has outlined patterns of resistance and failure

of hypomethylating agents, there are no formal clinical studies that establish mechanisms of

resistance to these drugs. There are many possibilities that may contribute to resistance in

different patients, ranging from varied pharmacokinetics within individual patients to

biochemical alterations of the drug target (DNA methyltransferase). Using a panel of various

cancer cell lines Qin et. al.18 attempted to investigate the mechanisms of resistance of

decitabine in vitro. Since decitabine (DAC) is a nucleoside analogue that is needs to be

phosphorylated and incorporated into DNA to exert its therapeutic effect, the investigators

hypothesized that alterations of proteins involved in the transport, phosphorylation, and

catabolism of decitabine could explain some mechanisms of resistance. The investigators

first determined the IC50 of decitabine among the different cell lines to establish ‘sensitive’

and ‘resistant’ lines. They determined the levels of baseline LINE methylation among these

cell lines and found that the baseline difference in methylation did not explain different

levels of resistance. Cytarabine and decitabine are similarly handled by cellular transport

and metabolism, unlike 5-azacytidine. Using this information, the investigators examined

the sensitivity of the different cell lines to the 3 drugs and found that the sensitivity to

decitabine correlated directly with sensitivity to cytarabine and had no relation to that of 5-

aza. This suggests that the mechanisms of resistance to decitabine are similar to those that

are known of cytarabine, namely alterations in transport proteins (hENT1, hENT2),

deoxycytidine kinase (dCK), and catabolizing enzymes such as cytidine deaminase (CDA).

Using this as a lead, the investigators next interrogated this pathway of nucleoside

metabolism in the different cell lines. The found indeed, that the IC50 of decitabine

correlated inversely with the mRNA expression of dCK, and tended to inversely correlate

with hENT1 and hENT2 mRNA. In other words, the resistant cell lines expressed lower

levels of the proteins required to transport decitabine into the cell as well as lower levels of

the enzyme (dCK) needed to phosphorylate and thereby activate decitabine. In addition, the

more resistant cell lines expressed higher levels of CDA mRNA, the enzyme responsible for

inactivating decitabine. These series of experiments suggest that the ‘natural’ or baseline

resistance to decitabine among cancer cell lines occurs as a result of mechanisms that reduce

the ability of decitabine to become incorporated into DNA. Next, the investigators aimed to

determine mechanism of induced resistance to decitabine. They first selected out and

propagated decitabine-resistant HL60 cell lines (HL60R) and compared them to de novo
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HL60 lines. They found that induced resistance to DAC in HL60R correlated with markedly

lower levels of dCK compared to HL60. In their search for a mechanism of dCK loss in the

HL60R cells, they found a sporadically occurring heterozygous point mutation in codon 98

(ACA to AGA) in some of the cell lines. Among the HL60R cells, they found a loss of

heterozygosity leading to a loss of the wild type allele and two copies of the mutant DCK

gene. This mutation was shown to be responsible for the lower dCK levels and a mechanism

of resistance. The authors concluded that preexisting and DAC-induced genetic instability

may lead to a generation of resistant clones such as this example that could result in a

growth advantage. Presumably, other spontaneously occurring mutations in key proteins

involved with drug metabolism and transport could select out resistant clones and confer

resistance. Further investigation into these pathways may lead to development of strategies

employing non-cross-resistant drug combinations to overcome these mechanisms.

Approaches to Treating Patients after Hypomethylating Agent Failure

While there have been significant advances in the treatment of MDS with the introduction of

hypomethylating agents, it is clear that these are not curative therapies. Although they are

associated with excellent tolerance, improvement in transfusion requirements, and

improvement in survival, continued clinical experience with these agents highlight their

limitations. Treatment with hypomethylating agents is usually indefinite until progression of

disease, resistance, poor tolerance or patient decision. There is a clear need for the

development of newer therapies and continued enrollment on clinical trials to generate

advances at this stage of treatment. In this arena, there are several promising approaches

which show signals of activity and should be studied further.

Ezatiostat (TLK199)

Ezatiostat (TLK199) is a synthetic tripeptide analog of glutathione that has been shown in

preclinical models to stimulate the proliferation of myeloid precursors.19 Once ingested in

the form of orally bioavailable tablets, ezatiostat is converted to its active metabolite

TLK117. TLK117 is an inhibitor of glutathione S-transferase P1-1 (GST P1-1). GST P1-1 is

overexpressed in cancer and is known to inhibit the function of Jun-N-terminal kinase (JNK)

– which itself is an important promoter of growth and maturation of normal hematopoietic

precursors and a inducer of apoptosis in leukemia cell lines. TLK117 can lead to the

dissociation of GSTP1-1 from JNK, releasing its inhibition and allowing the promotion of

maturation and growth of normal hematopoietic precursors.19 In preclinical models,

ezatiostat has been shown to induce multilineage differentiation and maturation. In a phase I

study utilizing an intravenous form of ezatiostat, the drug was found to be well tolerated in

humans with evidence of hematologic improvement.

This, coupled with preclinical data led to a phase I dose-escalation trial of ezatiostat

hydrochloride tablets in patients with MDS.19 Ten dose levels were tested, ranging from

200mg to 6000mg daily given on a day 1–7 schedule of a 21 day cycle. Forty-five patients

with low, intermediate-1, or intermediate-2 MDS were enrolled. Patients had received a

median of 1 prior therapy (range 0 –5) with 33% having had received prior chemotherapy

and 11% having received a prior investigational agent. The drug was very well tolerated
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with no DLTs (dose-limiting toxicities) and no MTD (maximum tolerated dose). The most

common adverse events were gastrointestinal, including nausea, diarrhea, vomiting, and

abdominal pain. Pharmacokinetics confirmed a dose-related elevation in the active

metabolite. There were 17 patients out of 45 (38%) who achieved HI, with 11 of the

responses occurring at dose levels between 4000mg and 6000mg daily, suggesting a dose

response. Three of the responders had bilineage improvement in blood counts and there was

one complete cytogenetic response. Hematologic responses occurred in all cell lines and

there was evidence of decrease in transfusion requirements in >50% of responders. Patients

also reported increased energy, feeling of well-being, and improved daily activities. The

authors concluded that oral ezatiostat was well tolerated with promising hematologic activity

in patients with MDS.19 Advanced single-agent and combination trials are underway to

confirm the activity of this interesting compound.

ON 01910.Na

ON 01910.Na is small molecule multi-tyrosine kinase inhibitor that has demonstrated both

preclinical and clinical anticancer activity. It exerts its anticancer activity through a variety

of mechanisms of action including modulation of the PI3K-Akt-mTOR pathway and

disruption of mitosis through modulation of the polo-like kinase (PLK) pathway.20 Multiple

early phase clinical trials in solid tumors and hematologic malignancies are currently

ongoing and confirm the safety and tolerability of in ON 01910.Na patients. In a first-in-

man Phase I study, ON 01910.Na was studied in 20 patients with advanced solid tumors.21

The agent was administered twice weekly for 3 weeks on a 28 day cycle and the dose was

escalated from 80mg up to 4370 mg. The dose of 3120 mg was found to be the MTD. The

drug was well tolerated. Toxicities included skeletal pain, abdominal pain, tumor pain,

nausea, and fatigue. One patient on that initial trial with refractory ovarian cancer had an

objective response and remained progression free for 2 years. Preclinical work

demonstrating cytotoxic activity against leukemic cell lines22 in vitro and in ex vivo samples

from patients with MDS23 led to the development of several ongoing clinical trials in AML

and MDS. These studies are early in accrual but have already demonstrated promising

signals of activity in patients with high risk MDS and AML, including those who have been

previously treated with hypomethylating agent-based therapy.24 In a preliminary report of a

Phase I/II trial, ON 01910.Na was studied in patients with advanced MDS.25 The drug was

administered as a 48 hour continuous infusion weekly for 3 weeks on a 4 week cycle at

either 800 mg/m2/day (10 patients) or 1500 mg/m2/day (3 patients). Adverse events included

thrombocytopenia, neutropenia, anemia, fatigue, and nausea and the drug was found to be

well tolerated. Early data on responses included 5 patients with stable disease, 2 with

decrease in bone marrow blasts, and 2 patients with HI (erythroid and neutrophil responses).

Other studies using ON 01910.Na in MDS and AML are ongoing and have not yet reported.

However, responses in MDS including decrease in bone marrow blasts and cytogenetic

responses have been noted (data not published). The activity of this well tolerated

multikinase inhibitor in patients who have been treated with hypomethylating agents is an

important advance and needs to be built upon.
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Sapacitiabine

Sapacitabine is an N4-palmitoyl derivative of CNDAC which is orally bioavailable and

resistant to deamination and consequent inactivation.26–28 CNDAC (2’-C-Cyano-2’-deoxy-

β-D-arabino-pentofuranosylcytosine), the active component of sapacitabine, is a

deoxycytidine analog much like cytarabine with a unique mechanism of action. Upon

phosphorylation to the nucleotide and incorporation into actively synthesized DNA,

replication is not immediately inhibited in a cytotoxic fashion like cytarabine, fludarabine,

or clofarabine.26–28 Instead, as a result of the cyano group within the ring, rearrangement of

the nucleotide while it is incorporated in the DNA, creates a single strand DNA break. This

is then converted to a double stranded break after a round of DNA replication, which leads

to cell death. This may explain the effect it has on actively dividing tissue (eg. hematopoietic

cells) and the observation that responses and myelosuppression are more profound with

successive courses of therapy.

After demonstrating broad preclinical activity in multiple human tumor cells, including

leukemia cell lines, a phase I study was done in solid tumors.29,30 The major DLT was

myelosuppression and this led to further interest of this agent in hematologic malignancies.

A phase I trial27 was conducted in patients with relapsed/refractory acute leukemia and

MDS to determine the DLTs and MTD of sapacitabine given in 2 different schedules: (A)

orally twice daily (BID) for 7 days every 3 to 4 weeks, or (B) orally BID on days 1–3 and 8–

10 every 3 to 4 weeks. A total of 47 patients were treated (42 AML, 4 MDS, 1 ALL, acute

lymphoblastic leukemia) using a classical 3+3 dose escalation design with each schedule.

The DLTs on both schedules were gastrointestinal in nature, including diarrhea, abdominal

pain, neutropenic colitis, and small bowel obstruction. The MTD for schedule A was 325mg

BID and the MTD for schedule B was 425mg BID. The most common non-hematologic

adverse events were gastrointestinal (anorexia, nausea, vomiting, diarrhea, abdominal pain)

and fatigue. Grade 3 or 4 myelosuppression was common and 14 patients (30%) had febrile

episodes associated with myelosuppression. Thirteen patients (28%) achieve an objective

response, including 4 CR (9%), 2 CRp (4%), and 7 CRi (CR with incomplete recovery of

blood counts, 15%). Only 2 patients died in the first 4 weeks of this therapy, leading to an

estimated 4-week mortality of 4%. The response rate and low 4-week mortality in this

heavily pretreated population warrants further study of this orally bioavailable agent.

Clofarabine

Clofarabine is a purine nucleoside analog that is currently approved for the treatment of

pediatric relapsed or refractory ALL that has progressed after at least 2 prior therapies.31

Studies have also shown its activity in myeloid malignancies.32 Upon action by intracellular

kinases, clofarabine becomes phosphorylated to its nucleotide form and exerts its cytotoxic

effect through multiple mechanisms, including: inhibition of DNA synthesis through

incorporation, disruption of mitochondrial activity, and though the inhibition of

ribonucleotide reductase.31,32 Although the current FDA approved formulation for

clofarabine is intravenous, both oral and intravenous (IV) clofarabine have been investigated

extensively in patients with MDS and AML.

Kadia et al. Page 9

Semin Oncol. Author manuscript; available in PMC 2014 July 15.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



In a recently published phase II study33, single-agent IV clofarabine was tested in the

treatment of elderly patients (≥60 years) with AML and unfavorable prognostic factors –

precisely the population of patients that represent a challenge in clinical practice.

Clofarabine was administered at a dose of 30 mg/m2/day IV for 5 days during induction and

20 mg/m2/day IV for 5 days during consolidation cycles. In 112 evaluable patients, the ORR

was 46% including 38% CR and 8% CRp. This high ORR was preserved between 32% and

54% when analyzed by unfavorable subgroups including age ≥70, performance status of 2,

history of an antecedent hematologic disorder (AHD), intermediate karyotype, and

unfavorable karyotype. The median disease free survival was 37 weeks, with a median CR

duration of 56 weeks. The OS was 41 weeks for the entire cohort and 72 weeks for those in

CR. The 30 day mortality was 9.8%.33 Overall, clofarabine was well tolerated in this elderly

cohort with unfavorable prognostic factors with the most common toxicities being nausea,

neutropenic fever, vomiting, diarrhea, rash, and fatigue.

The safety and tolerability of the oral formulation of clofarabine was also studied in older

patients with higher risk MDS.34 Due to the substitution of fluorine a the C-2’ position of

the carbohydrate ring, clofarabine has improved stability in gastric acid and therefore

approximately 50% oral bioavailability. Thirty-two patients were treated on the trial, of

whom 22 had intermediate-2 or high risk disease by the IPSS.34 Three dose levels of oral

clofarabine were tested: 40 mg/m2/day, 30 mg/m2/day, and 20 mg/m2/day for 5 days every 4

to 8 weeks. Nine patients had secondary MDS and 20 patients had prior therapy failure with

hypomethylating agents. The overall response rate was 43% with 8 CR (25%), 3 (9%) HI,

and 3 (9%) clinical benefit (CB). In patients who had previous hypomethylating agent

failure, the ORR was 30% with 2 CR (10%), 2 HI (10%), and 2 with CB (10%).

Switching Hypomethylating Agent

Although both 5-azacytidine and decitabine are inhibitors of DNA-methyltransferase and

therefore active as hypomethylating agents, they each have their own structure and slightly

different mechanisms-of-action. This lends the possibility that these agents may not be

entirely “cross-resistant” – that is to say, that failure of one drug may not preclude clinical

activity of the other. Therefore, the use of an alternative hypomethylating agent in patients

whose disease has failed one is an important option that should be considered. In small

prospective study, Borthakur et. al.35 investigated the use of decitabine in patients who had

been previously treated with 5-azacytidine and had stopped due to failure, lack of response,

or intolerance. To qualify for the study, patients must have been treated with 5-azacytidine

and had either (1) no response after at least 3 cycles of 5-aza, (2) progression of disease on

5-aza, or (3) grade 3–4 non-hematologic toxicity while on 5-aza. Fourteen patients were

reported in the interim analysis with 3 CRs (21%) and 1 patient with hematologic

improvement (7%), for an overall response rate of 28%. Of the responders, 1 had stopped

prior 5-aza due to disease progression, 2 for lack of response, and 1 for severe skin toxicity.

Of these responders, 3 out of 4 had receive at least 4 cycles of 5-aza prior to being treated

with decitabine. The median number of courses of decitabine to response was 3 (range 1–5).

Although a small preliminary study, it suggests that changing hypomethylating therapy from

5-aza to decitabine may have some clinical utility. Although there is no firm data
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documenting the use of 5-aza in decitabine failures, clinical experience with these agents

suggests a similar small benefit.

Alemtuzumab

Alemtuzumab (CAMPATH-1H) is a humanized monoclonal antibody directed against

CD52, a cell surface protein expressed at high density on most normal and malignant

lymphocytes, B-cells, and T-cells but not on hematopoietic stem cells.36–38 Alemtuzumab is

FDA approved for the treatment of patients with B-chronic lymphocytic leukemia (CLL).39

It is a potent immunosuppressive agent that can efficiently lead to marked lymphocyte

depletion. There is a subset of patients with MDS who are responsive to immunosuppressive

therapy, suggesting that autoreactive cytotoxic T-cells may have a pathogenic role in

suppressing hematopoietic progenitors. Several investigators have demonstrated the

presence of clonal T-cell populations in the bone marrows of patients with MDS, similar to

those in aplastic anemia or T-LGL leukemia.40–42 In such cases of MDS, T-cell suppressive

agents such as anti-thymocyte globulin and/or cyclosporine have been used with measured

success.43–45 Alemtuzumab has a number of advantages over these therapies and may play

an important role in the chronic treatment of these diseases. Compared to ATG,

alemtuzumab leads to more potent T-cell depletion, has a longer half-life of activity, and is

associated a much lower incidence of infusion reactions, serum sickness, or renal

dysfunction. Although there are no good, validated biomarkers that predict for response to

immunosuppressive therapy in MDS, investigators at the NIH have developed a clinical

model describing patients that may respond. In general, the model includes patients who are

young, with a low IPSS score, HLA-DR15 positive, and who have a low transfusion

requirement.46 Using a score derived from this model to select patients, Sloand et. al.

conducted a Phase I/II study of alemtuzumab in patients with MDS.47 Thirty-two selected

patients were treated with alemtuzumab at a flat dose of 10 mg IV daily for 10 days for one

cycle. In patients with Int-1 MDS by IPSS, there were 17/22 (77%) responses. In patients

with Int-2 MDS, the response rate was 57% (4/7 patients). The median time to response was

3 months and the responses were durable with significant improvement in transfusion

dependence. In fact, out of 7 evaluable patients with cytogenetic abnormalities prior to

treatment, 4 had normal cytogenetics at 12 months. In selected patients with MDS which has

progressed on or failed to respond to hypomethylating agents, such immunosuppressive

approaches may be opportunities for response. Selecting the appropriate patients for

immunosuppressive therapy with alemtuzumab will be important. Detection of aberrant,

clonal populations of cytotoxic T-cells in bone marrow specimens by flow cytometry or

molecular techniques may provide a basis for predictive testing that needs to be validated

going forward.

Stem Cell Transplant

Allogeneic SCT is known to be able to produce long term remissions in patients with MDS

and remains the only potentially curative therapy for this disease. However, it also carries

significant treatment-related morbidity and mortality that is especially pronounced in older

patients with comorbidities.48,49 Various approaches have been explored in an effort to

safely treat patients with a SCT, including appropriate patient selection as well as reduced
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intensity approaches. The first consideration should be to appropriately choose the

population of patients who would benefit the most from an allogeneic SCT, given its

inherent toxicity. Cutler et. al.50 attempted to answer this question by retrospectively

analyzing a large cohort of patients and developing a decision-making model. Should

patients with MDS be considered for a transplant: 1) at diagnosis of MDS, 2) at the time of

progression to AML, or 3) at some point prior to progression to AML. The investigators

found, that in patients with low or intermediate-1 risk MDS (by IPSS), delayed transplant

(although prior to transformation to AML) maximized the overall survival benefit. Among

patients less than 40 years of age in this cohort, the OS was even greater. In patients, with

intermediate-2 or high risk MDS, performing a bone marrow transplant at diagnosis

maximized the overall survival benefit. Higher risk patients, therefore, should be considered

for a SCT if they are ‘fit’ - especially if they relapsed or refractory to hypomethylating agent

based therapy. Additional factors to consider would be age, comorbidities, performance

status, IPSS score, availability of a donor, and surrounding social/family support.

After appropriate selection of patients and counseling of the patients about the risk and

commitment of an allogeneic SCT, the next consideration should involve discussion about

the intensity of conditioning. Higher intensity conditioning is associated with better disease

control and lower risk of relapse, but with a higher risk of non-relapse related mortality

(NRM). In this population of MDS patients with a median age > 60 years and associated

comorbidities, the NRM becomes an important issue. Non-myeloablative or reduced

intensity conditioning (RIC) is therefore an important option. Alyea, et. al.51 performed a

retrospective analysis of 152 patients older than 50 years with mainly leukemia or MDS who

had received either non-myeloablative (fludarabine + IV busulfan, 71 pts) or myeloablative

(cyclophosphamide + total body irradiation [TBI], 81 pts) conditioning to examine the

outcomes. In their cohort, patients in the non-myeloablative cohort were more likely to have

had unrelated donors (58% vs. 36%, p=0.009); history of a prior transplant (25% vs. 4%,

p<0.0001); and active disease going into transplant (85% vs. 59%, p<0.001). Despite having

a significantly higher proportion of patients with these known adverse prognostic factors in

the non-myeloablative cohort there was a higher overall survival in this cohort at 1 year

(51% vs. 39%) and 2 years (39% vs. 29%, p=0.056). The NRM was lower in the non-

myeloablative cohort (32% vs. 50%, p=0.01), but the relapse rate was higher (46% vs. 30%,

p=0.052). The authors concluded that, in an older cohort of patients, RIC was at least as

good as myeloablative therapy and was associated with lower treatment related toxicity. In a

separate multicenter study defining the outcomes of older patients (median age 59 years)

with AML or MDS undergoing an allogeneic SCT after RIC, the results are similar.52 The

report outlines 148 patients who underwent conditioning with either low dose TBI (200

cGy) alone or in combination with fludarabine (30 mg/m2/day on days -4 to -2). The cohort

had approximately equal numbers of match-related and unrelated donor transplants. There

was no difference in acute or chronic graft-versus-host-disease (GVHD) among these 2

groups. The 3-year relapse free survival and overall survival was 27%, with a 41% incidence

of relapse. The 3-year NRM was 32%. Factors associated with a lower risk of relapse in this

study were development of chronic GVHD, the presence of low or intermediate-1 risk

disease in de novo MDS patients.
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Even within the category of RIC, there are different levels of intensity that are offered to

older patients that may carry their own characteristics of toxicity and disease control. De

Lima and colleagues53 explored this question in their retrospective analysis of 94 patients

with MDS and AML who were treated with reduced intensity conditioning regimens. The

investigators divided the cohort into those who received a truly nonmyeloablative regimen

(fludarabine 120 mg/m2 + AraC 4 g/m2 + idarubicin 36 mg/m2, FAI) and those who

received a more myelosuppressive RIC (fludarabine 100–150 mg/m2 + melphalan 140–180

mg/m2, FM). At baseline, the FAI group had a higher proportion of patients in CR (44% vs.

16%, p=0.006); a higher number of patients who were in their first CR (28% vs. 3%,

p=0.008); and a higher number with HLA-matched sibling donors (81% vs. 40%, p=0.001).

FM was associated with a higher degree of engraftment, a higher incidence of treatment-

related mortality (TRM, p=0.36), and a lower relapse-related mortality (p=0.29). The relapse

rate after FAI and FM was 61% and 30%, but the 3-year survival was 30% and 35%

respectively. The authors concluded that the more myelosuppressive nature of the regimen is

important for disease control in MDS and AML, and that more non-myeloablative

approaches may be more useful in cases where there is low burden or minimal residual level

of disease.

Although SCT remains the only potentially curative option in patients with MDS, these and

other studies provide a glimpse of the complexity in decision-making and commitment

involved with these approaches. Allogeneic transplant with RIC is a useful approach in

selected patients, but the level of intensity and timing needs to tailored to the individual

patient – taking into account age, comorbidities, performance status, burden of disease,

source of donor, and treatment goal.

Summary

The discovery and development of hypomethylating agents and their activity in MDS has

been a major breakthrough in the treatment of this disease. Many patients have benefitted

with improved overall survival, reduced transfusion requirements, and control of their

disease. However, as we accumulate more clinical experience with these medicines, it is

clear that these agents are not curative and further therapy is needed when patients progress.

As clinicians treat more MDS patients with 5-aza and decitabine, we are beginning to

accumulate patients in our practice whose disease has failed hypomethylating agent therapy.

The patterns of failure are familiar: progression to AML, persistent cytopenias/MDS, or

death. In patients who desire and are candidates for further therapy, there are limited

standard options, including allogeneic SCT. However, there are ongoing clinical research

efforts focused on this population of patients with some promising leads. It is important that

patients in this situation who are not eligible for intense chemotherapy be referred for

clinical trials. In addition to finding newer and active therapies, the challenge will be how to

appropriate choose the appropriate therapy for this heterogeneous population.
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Figure 1.
Overall survival after decitabine failure in patients with myelodysplastic syndrome (MDS),

acute myeloid leukemia (AML) and the total population. (Adapted with permission from

Jabbour, et. al.16).
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Figure 2.
Tree diagram outlining outcome after decitabine failure. AML, acute myeloid leukemia.

MDS, myelodysplastic syndrome. ET, experimental therapies. NT, no therapy. IA,

idarubicin and cytarabine. ASCT, allogeneic stem cell transplantation. UT, unknown

therapy. CR, complete remission. mCR, bone marrow complete remission. HI, hematologic

improvement.(Adapted with permission from Jabbour, et. al.16)
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Figure 3.
Outcome after failure of hypomethylating agent + valproic acid-based combination therapy.

AML, acute myeloid leukemia. CR, complete remission. (Adapted with permission from

Kadia, et. al.17)
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