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Abstract: Aberrant DNA methylation is one of the molecular hallmarks
of cancer and leukemia. By repressing gene expression, it is considered
a functional equivalent to the physical inactivation of tumor suppres-
sor genes by deletions or mutations. To clinically exploit this process,
compounds with DNA hypomethylating properties have been evaluated
both in the laboratory and the clinic. Two such agents, 5-azacytidine
and 5-aza-2'-deoxycytidine, are currently approved by the US Food and
Drug Administration for the treatment of patients with myelodysplastic
syndromes. Ongoing studies are evaluating alternative dosing schedules for
these drugs and the activity and safety of this class of agent in combination
with histone deacetylase inhibitors. Here we summarize the experience of
hypomethylating agents in myelodysplastic syndromes.

Genetic and epigenetic alterations are the molecular hallmarks of cancer.
Genetic alterations include mutations or deletions that alter the primary
sequence of DNA. In contrast, epigenetic alterations result from bio-
chemical modification of the composition of chromatin. DNA methyla-
tion and alteration of the histone code are two epigenetic changes that
can result in transcriptional deregulation and gene silencing. Reversal of
this process with hypomethylating agents results not only in gene expres-
sion reactivation but in killing of leukemic cells, a phenomenon that has
been widely exploited in human clinical trials."* Hypomethylating agents
are either nucleoside analogs (eg, 5-azacytidine,? 5-aza-2'-deoxycytidine,
5-fluoro-2'-deoxycytidine,? 5,6-dihydro-5-azacytidine,* 1-f-D-arabino-
furanosyl-5-azacytosine [fazarabine],” and 1-[B-D-ribofuranosyl]-1,2-
dihydropyrimidin-2-one [zebularine]®) or nonnucleoside analogs (eg,
MG98,” RG108,* green tea polyphenol [-]-epigallocatechin-3-gallate,’

10

hydralazine,'* procainamide," psammaplin'?). Currently, two nucleo-
side analog hypomethylating agents, 5-azacytidine (azacitidine; Vidaza,
Pharmion) and 5-aza-2'-deoxycytidine (decitabine; Dacogen, MGI
Pharma), are approved by the US Food and Drug Administration (FDA)
for the treatment of myelodysplastic syndromes (MDS). Both agents were
initially developed as cytarabine derivatives with initially disappointing
results, especially at higher concentrations. However, in follow-up stud-

ies and with lower-dose schedules, both drugs have shown eflicacy in
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MDS. The following is a review of the therapeutic role of
hypomethylating agents in MDS.

DNA Methylation in Cancer

DNA methylation refers to the addition of a methyl group
to a cytosine. This process is mediated by the enzyme DNA
methyltransferase and occurs only when the cytosine pre-
cedes a guanine (CpG dinucleotide). These CpG pairs are
found at a less-than-expected frequency in human DNA,
except in areas known as CpG islands. CpG islands are
commonly found in proximity to the promoter region."
DNA methylation of promoter-associated CpG islands is
associated with silencing of the corresponding gene.'* In
general, promoter-associated CpG islands are not methyl-
ated in nonmalignant cells. The exceptions are imprinted
genes'”” and genes located on the inactivated X chromo-
!¢ Aberrant DNA methylation is considered a func-
tional equivalent to the physical inactivation of tumor

some.

suppressor genes by deletions or mutations.'” To exploit
this mechanism, compounds with hypomethylating prop-
erties have been evaluated both in the laboratory and the
clinic. The two currently clinically available hypometh-
ylating agents, 5-azacytidine and 5-aza-2'-deoxycytidine,
are cytosine derivatives. The hypomethylating properties
of cytosine derivatives was first noted by Jones and Tay-
lor.? In their initial study, cytidine analogs containing a
modification at the 5 position were able to induce myo-
cyte differentiation in mouse embryo cells. However, this
effect was not seen with other derivatives. Two important
observations were noted. First, maximal hypomethylation
was induced at a narrow drug concentration window, with
effect on DNA methylation lost below or above this range.
This observation has been reproduced more recently in
leukemia patients treated with 5-aza-2'-deoxycytidine, in
which DNA hypomethylation increased linearly at doses
between 5 and 20 mg/m? per day, with no further increase
above that.* The second observation was that the cell dif-
ferentiation effect required several rounds of cell division.
Interestingly, it is well accepted that clinical responses to
both 5-azacytidine and 5-aza-2'-deoxycytidine may also
require several courses of therapy, thus recapitulating this
laboratory observation.

DNA hypomethylating agents lead to induction of
global'® and gene-specific DNA hypomethylation, both
in vivo and in vitro. This in turn may have significant
effects on cell differentiation, angiogenesis," cell prolif-

eration,?*

and apoptosis.?’ In addition, hypomethylating
agents may have immunomodulatory effects mediated
by the re-expression of tumor-associated antigens and

2l 2 mechanism that

promotion of immune recognition,
has been exploited together with immunotherapy in the
g py

treatment of cancer.?

Chemistry

Both 5-azacytidine® and 5-aza-2'-deoxycytidine** were
synthesized in the 1960s, and their antileukemic
effect was first noted in 1968.2%° The chemical name
for 5-azacytidine is 4-amino-1-b-D-ribofuranosyl-1,3,5-
triazin-2(1H)-one and the chemical name for 5-aza-
2'-deoxycytidine is 4-amino-1-(2-deoxy-b-D-erythro-
pentofuranosyl)-1,3,5-triazin-2(1H). 5-Azacytidine and
5-aza-2'-deoxycytidine are both cytosine derivatives.
Figures 1 and 2 show their structures.

Pharmacology

5-Azacytidine and 5-aza-2'-deoxycytidine are intro-
duced into the cell by a nucleotide-specific transport
system and activated by sequential phosphorylation to
cytidine triphosphate (CTP) and deoxycytidine triphos-
phate (dCTP), respectively.”” CTP is incorporated into
RNA only, whereas dCTP is incorporated into DNA
only. They form irreversible covalent adducts with DNA
methyltransferase. The active compound is degraded by
cytidine deaminase.”® It is postulated that hypometh-
ylating agents have two mechanisms of action: at high
doses the DNA-DNA methyltransferase adducts trigger
apoptosis and cell death?’; however, at lower doses DNA
hypomethylation is induced, a process dependent on cell
division, leading to gene re-expression.>3%3!

Because of the lack of a reproducible methodology
until recently, few pharmacokinetic studies of 5-aza-
cytidine or 5-aza-2'-deoxycytidine are available.’*? In
one study, 12 patients with MDS or acute myelogenous
leukemia (AML) received 3-hour infusions of 5-aza-2'-
deoxycytidine 15 mg/m? every 8 hours for 3 days with
a second cycle 6 weeks later. Peak plasma concentrations
were 49.0£22.2 ng/pL and 62.7+45.2 ng/pL in the
first and second cycles, respectively, with no change in
pharmacokinetics between the first and second cycle.®
In another phase I study, 21 patients with advanced solid
tumors received three 1-hour infusions of 5-aza-2'-deox-
yeytidine 25-100 mg/m? separated by 7-hour intervals.
There were no detectable serum levels in most patients
receiving doses between 25 and 60 mg/m% however,
between 75 and 100 mg/m? the peak plasma concentra-
tions were 0.93 uM and 2.01 pM, respectively. The mean
distribution half-life was 7 minutes and mean elimina-
tion half-life was 35 minutes.*> 5-Aza-2'-deoxycytidine is
rapidly metabolized in the liver with less than 1% urinary
excretion®®; it effectively crosses the blood-brain barrier,
with a cerebrospinal fluid concentration of 58% of the
plateau plasma level in dogs.””

The pharmacokinetic characteristics of intravenous
(IV) and subcutaneous (SC) 5-azacytidine have also been
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Figure 1. Chemical structure of 5-azacytidine.
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Figure 2. Chemical structure of 5-aza-2'-deoxycytidine.

evaluated. The bioavailability of the SC route was 89%
of the IV route. The median half-lives were 0.36+0.02
and 0.69+0.14 hours for the SC and IV routes, respec-
tively. Interestingly, 5-azacytidine clearance exceeded the
glomerular filtration rate and total renal blood flow, sug-
gesting other nonrenal elimination pathways.* In a study
using radioactive 5-azacytidine, 73-98% was excreted in
urine with less than 1% excretion in feces.”

Clinical Experience With 5-Azacytidine
5-Azacytidine was the first of the two drugs to be approved

by the FDA, based on two phase II studies (protocols
8421 and 8921) and a randomized phase III trial (proto-

col 9221) conducted by the Cancer and Leukemia Group
B (CALGB).* In these trials 5-azacytidine 75 mg/m? was
administered daily for 7 days every 28 days by continuous
IV infusion (CALGB 8421) or SC (CALGB 8921 and
9221). Because the classification of MDS has changed
since those trials were published, the authors have recently
reanalyzed the data using the World Health Organization
(WHO)* classification and the International Working
Group (IWG) criteria®! for response (Table 1). A total
of 118 patients were enrolled in the phase II studies
(48 with IV and 70 with SC administration).* In the IV
study, all patients had either refractory anemia (RA) with
excess blasts (RAEB) or RAEB in transformation, whereas
in the SC study, 16% of patients had either RA or RA
with ringed sideroblasts. Response rates were comparable
in both studies. In CALGB 8421 with IV 5-azacytidine,
the complete response (CR), partial response (PR), and
hemarologic improvement (HI) rates were 15%, 2%, and
27%, respectively. Similarly, in CALGB 8921 with SC
5-azacytidine, the CR, PR, and HI rates were 17%, 0%,
and 23%, respectively.

After the encouraging results seen in the phase II
studies, the CALGB initiated a randomized phase III
trial. A total of 191 patients were randomized to SC
5-azacytidine versus best supportive care in a crossover
design.* The median time to AML transformation
or death for patients receiving supportive care was 12
months, versus 21 months with 5-azacytidine (P=.007).
When the data were reanalyzed using the IWG criteria,
the overall response rates were 47% (CR 10%, PR 1%,
HI 36%) with 5-azacytidine versus 17% HI in patients
who received supportive care (with no crossover to 5-aza-
cytidine) only. The median number of cycles to response
was three, and the median duration of response was five
cycles. Of the 65 transfusion-dependent patients, 29
(45%) became transfusion-independent for a median
duration of 9 months. When results from both phase II
and III studies with SC 5-azacytidine were combined,
the overall response rate was 44% (CR 13%, PR 1%, HI
31%) in 169 patients. The most common nonhemato-
logic toxicity was nausea/vomiting, which occurred in 4%
of patients.*” Induction mortality is extremely rare with
5-azacytidine—based therapy.

Because the study had a crossover design, it was dif-
ficult to evaluate the effects of 5-azacytidine administra-
tion on overall survival. A landmark analysis at 6 months
showed median survival of 18 months for 5-azacytidine
and 11 months for supportive care (P=.03).** In addition,
patients on the 5-azacytidine arm experienced statistically
significantly greater improvement in fatigue, dyspnea,
physical functioning, positive affect, and psychologic
distress than those in the supportive care arm.” At the
2005 American Society of Hematology (ASH) meeting,
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Table 1. Phase II and III Studies of 5-Azacytidine

CR PR HI OR MR, MS,

Study n Dose n (%) n (%) n (%) n (%) mo mo
4

g}fﬁ? s421 48 | 75mg/m¥dIVx7dq28d | 7(15) 12 | 1327 | 2144 | NA | NA
42

I(’::;I;fll? 22 70 75 mg/m?*/d SC x 7d q 28 d 12 (17) 0 16 (23) 28 (40) NA NA
42

5}1:1;51?19221 99, 75 mg/m?*/d SC x 7d q 28 d 10 (10) 1(1) 36 (36) 47 (47) 15 20

CALGB=Cancer and Leukemia Group B; CR=complete response; HI=hematologic improvement; MR=median response; MS=median survival;

NA=not available; OR=overall response; PR:partial response; SC=subcutaneous.

Silverman and colleagues showed evidence that 5-azacyti-
dine administration results in significant improvement of
both time to AML transformation and overall survival in
patients with high-risk MDS.%” 5-Azacytidine has also
been shown to benefit patients with AML. When data
from the three CALGB trials were reanalyzed using the
WHO criteria, the percentages of patients with AML
were 52%, 37%, and 27% in protocols 8421, 8921,
and 9221 (5-azacytidine arm), respectively. Response
rates (CR + PR) ranged from 7% to 16% according to
the IWG MDS criteria.”! This benefit was also seen in a
retrospective review by Sudan and associates. Of 20 AML
patients who received 5-azacytidine, 9 (45%) achieved a
response (4 CR, 5 PR) according to IWG AML criteria.®
The median response duration was 8 months and overall
survival was significantly longer in responders (15+ vs
2.5 months).” Although both studies were retrospective
evaluations, they suggest that some patients with AML
who cannot tolerate intensive chemotherapy may benefit
from 5-azacytidine therapy. The clinical activity of 5-aza-
cytidine has also been investigated outside the setting of
the CALGB. Recently, French investigators have shown
very similar results to those of the CALGB using the con-
ventional SC 7-day schedule of 5-azacytidine.*

One of the major logistic problems with 5-azacyti-
dine administration is the 7-day dosing schedule, which
requires weekend injections. Lyons and coworkers recently
reported initial results from a randomized phase II study
of three different dose schedules of 5-azacytidine: 106
patients were randomized to 5, 7, or 10 days of 5-aza-
cytidine without weekend injections. Of those patients,
42% had RA and 30% had RAEB. Responses were
equivalent in the three arms, with 71% of the 38 transfu-
sion-dependent evaluable patients achieving transfusion
independence. Hemarologic improvement was seen in
65%, 52%, and 55% of patients in the 5-, 7-, and 10-day
arms, respectively, suggesting that the 5-day schedule is as

effective as the other two schedules.” Furthermore, the
5-day schedule was associated with less myelosuppression
than the 7- or 10-day schedules.

One of the other critical issues with 5-azacytidine
therapy is the use of growth factor support during therapy.
It should be noted that most of the CALGB studies did
not include that type of supportive care. This is in con-
trast with most recent studies with 5-aza-2'-deoxycytidine
(discussed below), where supportive care was an integral
part of therapy administration. Rossetti and colleagues
presented data at the last ASH meeting summarizing their
experience using 5-azacytidine and growth factors with
excellent response rates.*

Another issue with 5-azacytidine is the best route of
administration. Inidally, 5-azacytidine was approved by
the FDA for SC administration based on the results of the
CALGB 9221 study. As summarized above, earlier studies
with IV 5-azacytidine also indicated that drug administra-
tion was safe and efficacious via this route. Based on this,
the FDA recently approved the use of 5-azacytidine for
IV administration. In addition, investigators at Pharmion
have developed an oral form of 5-azacytidine, and phase
I clinical trials in humans are beginning this year in the
United States. The advent of an oral hypomethylating
agent may have significant implications for the treatment
not only of MDS but of cancer in general. Finally, a
large-scale survival study with SC 5-azacytidine in MDS
patients has just completed accrual. This study will be
fundamental for our understanding of the impact of this
drug on the natural history of patients with MDS.

Clinical Experience With
5-Aza-2'-Deoxycytidine

The initial phase I studies defined the maximum toler-
ated dose (MTD) of 5-aza-2'-deoxycytidine as between
1,500 and 2,250 mg/m?.*#3*3> To explore the possibility
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Table 2. Phase II and III Studies of 5-Aza-2'-Deoxycytidine

CR PR | HI OR | MR, | MS,
Study n Dose n (%) n (%) | n (%) n (%) mo mo
i 57
Ei’llizrﬁan 29 50 mg/m?/d for 72 hr q 6 wk 8 (27) 5(17) 2(1) 15 (54) . b
Wijerman®® ,
Phase II 66 15 mg/m?* over 4 hr q 8 hr x 3d q 6 wk 13 (20) 3 (4) 16 24) | 32 (49) 3 i
o6l
E@::Stz?ll?n 89 15 mg/m? over 3 hr q 8hr x 3 d q 6 wks 8 (9) 7@ | 1233) | 27 30) 10.3 v
Kantarjian® 20 mg/m* IV x 5 d q 4 wk
Phase IJI 95 20 mg/m*SC x 5d q 4 wk 32 (34) 1(1) | 26(28) | 69 (73) NA 19
10 mg/m? IV x 10 d q 4 wk

CR=complete response; [V=intravenous; HI=hematologic improvement; MR=median response; MS=median survival; NA=not available; OR=overall

response; PR=partial response; SC=subcutaneous.

that a lower dose may be more eficacious in exploiting
the hypomethylating effects of 5-aza-2'-deoxycytidine,
Zagonel and colleagues evaluated two low-dose regimens
in MDS patients: 45 mg/m? infused over 4 hours daily for
3 days and 50 mg/m? continuous IV infusion daily for 3
days.” Ten patients with advanced MDS were treated. The
overall response rate was 50%, with 4 patients achieving
CR. The median duration of CR was 11 months (range,
10-14+ months). Both regimens were well tolerated, with
50% of patients experiencing transient marrow hypopla-
sia.’> A phase I study by Issa and colleagues attempted
to identify the lowest effective biologic dose.”® 5-Aza-2'-
deoxycytidine was administered in doses ranging from 5
to 20 mg/m? over 1 hour. The duration of therapy ranged
from 10 to 20 days with total dose per course ranging
from 50 to 300 mg/m?. Fifty patients were enrolled, 35
with AML, 7 with MDS, 5 with chronic myelogenous
leukemia, and 1 with acute lymphocytic leukemia. The
overall response rate was 32%. Responses were observed
in 11 of 17 patients (67%) receiving a dose of 15 mg/m?
for 10 days. Of interest, response rates dropped at higher or
lower doses, indicating a narrow dose range of activity.*®
In a small phase II study by Wijermans and associ-
ates, 5-aza-2'-deoxycytidine was administered at a dose of
50 mg/m? per day for 3 days every 6 weeks in 29 elderly
patients with high-risk MDS.%” The overall response rate
was 54% (CR 28%, PR 26%) with a median response
duration of 31 weeks.” This research led to a larger
multicenter phase II trial.*® In that study, 66 patients
with MDS were treated with IV 5-aza-2'-deoxycytidine
45 mg/m? daily for 3 days every 6 weeks. The overall
response rate was 49% (CR 20%, PR 4%, HI 24%; Table
2). The induction mortality rate was 8%.°* A major cyto-
genetic response was observed in 31% of patients with

abnormal cytogenetics at initial presentation. Patients
who achieved a complete cytogenetic remission had sta-
tistically significantly longer survival versus those who did
not (24 vs 11 months; P=.02).” Platelet responses for the
two consecutive phase II trials were reported separately.
Of the 126 thrombocytopenic patients, 58% (47% major
HI and 11% minor HI) showed a response after one cycle
of therapy. The median survival for patients with either
stable or rising platelet counts (13 and 25 months, respec-
tively) was better than for patients with decreasing counts
(4 months).%

The encouraging phase II results described above led
to a multicenter randomized phase III trial in the United
States.”’ 5-Aza-2'-deoxycytidine was administered at a
dose of 15 mg/m? IV over 3 hours every 8 hours daily for
3 days every 6 weeks (Table 2). A total of 170 patients
were randomized to 5-aza-2'-deoxycytidine plus best
supportive care versus best supportive care only. Of the
patients on the 5-aza-2'-deoxycytidine arm, 61 (69%) had
International Prognostic Scoring System (IPSS) interme-
diate-2—/high-risk disease, and 74% were transfusion-
dependent. The median number of cycles administered
was three (range, 0-9) and the overall response rate was
30% (CR 9%, PR 8%, HI 13%). The median time to
AML or death was not statistically different for the 5-aza-
2'-deoxycytidine and supportive care—only arms (12.1 vs
7.8 months, respectively); however, 5-aza-2'-deoxycyti-
dine treatment was associated with a longer median time
to AML transformation or death in patients with de novo
MDS (12.6 vs 9.4 months; P=.04), patients with high-
risk MDS (9.3 vs 2.8 months; P=.01), and treatment-
naive patients (12.3 vs 7.3 months; P=.08) compared to
supportive care only.®" In addition, responding patients
had a longer median time to AML progression or death
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Table 3. Clinical Activity of the Combination of 5-Aza-2'-Deoxycytidine and Valproic Acid (VPA) by VPA Dose”

VPA dose daily * 10 days n CR CRp OR, %
20 mg/kg 1 0 33
35 mg/kg 9 1 0 11
50 mg/kg 41 8 2 23

Total 53 10 2 22

Ut one stk | : 1 .

N=number of patients; CR=complete remission; CRp=complete remission without complete platelet recovery; OR=overall response.

*All patients received fixed dose 5-aza-2’-deoxycytidine 15 mg/m? daily X 10 days with escalating doses of VPA.

(17.5 vs 9.8 months; P=.01). The incidence of death was
lower on the 5-aza-2'-deoxycytidine arm compared to the
supportive care arm (14% vs 22%). Therapy was very well
tolerated, with myelosuppression being the most common
side effect. Grade III or IV hematologic adverse events
were neutropenia 87%, thrombocytopenia 85%, febrile
neutropenia 23%, and leukopenia 22%, with a decreas-
ing incidence over the first four cycles. Grade III or IV
nonhemartologic toxicities included hyperbilirubinemia
6%, pneumonia 15%, and constipation 2%.°" This study
led to FDA approval of 5-aza-2'-deoxycytidine.

Based on the initial phase I studies of low-dose
5-aza-2'-deoxycytidine in advanced leukemia,*® a phase II
study of different low-dose schedules of 5-aza-2'-deoxy-
cytidine was conducted at The University of Texas M. D.
Anderson Cancer Center. Eligible patients were random-
ized following a Bayesian adaptive design to one of three
arms: 1) 20 mg/m? IV over 1 hour daily for 5 days; 2)
20 mg/m?* daily given in two SC doses for 5 days, or 3)
10 mg/m?* IV over 1 hour daily for 10 days. Cycles were
repeated every 4 weeks as long as there was evidence of
residual marrow disease and no life-threatening complica-
tions. The median number of cycles was six (range, 1-18).
The overall response rate by the modified IWG criteria
was 73%, with 32 patients (34%) achieving CR. Patients
randomized to 20 mg/m? 1-hour IV daily for 5 days—the
most dose-intensive arm—had the best response rate,
with 39% CR. Four patients died from myelosuppres-
sion-related complications. No patient died from com-
plications directly attributable to 5-aza-2'-deoxycytidine.
Clinically insignificant transient transaminase elevations
occurred in 4% of patients. Hospitalization was necessary
in 110 of 622 courses (18%) for myelosuppression-related
symptoms; however, only 34% of patients did not require
hospitalization.®* Responses have also been observed on
re-treatment with 5-aza-2'-deoxycytidine in patients who
had previously responded to the drug.®?

Combinations of DNA Methylation Inhibitors
With Histone Deacetylase Inhibitors

Histone acetylation leads to an open chromosome con-
figuration and consequently to gene transcription and cell
differentiation. Several enzymatic activities control this
process of histone acetylation/deacytelation.®* Currently
several compounds with histone deacetylation (HDAC)
inhibitor properties are undergoing clinical evaluation
in the treatment of MDS.®® A synergistic effect of
demethylation and HDAC inhibition in re-expression
of genes was first reported by Cameron and coworkers
using trichostatin and 5-aza-2'-deoxycytidine.” A similar
in vitro synergistic effect with 5-aza-2'-deoxycytidine and
valproic acid was observed.”* A phase I/II study to evalu-
ate the MTD and efficacy of 5-aza-2'-deoxycytidine and
valproic acid in patients with AML/MDS has been con-
ducted. Patients on the phase I part of the study received
fixed-dose 5-aza-2'-deoxycytidine 15 mg/m? as a 1-hour
IV infusion daily for 10 days with concomitant escalating
doses of valproic acid 20, 35, and 50 mg/kg daily. The
MTD of valproic acid was 50 mg/kg. Of 53 evaluable
patients, 12 patients responded, with 10 patients achiev-
ing CR and 2 patients CR with incomplete platelet recov-
ery. Of the previously untreated patients, 50% responded
(5 of 10 patients). The median remission duration was
7.2 months (range, 1.3-12.6 months; Table 3).”

The combination of 5-azacytidine, valproic acid, and
all-zrans-retinoic acid (ATRA) in patients with high-risk
MDS (>10% blasts), with relapsed/refractory AML, or
over age 60 with untreated AML has also been evalu-
ated.” A fixed dose of 5-azacytidine (75 mg/m?* SC daily
for 7 days) was used. ATRA 45 mg/m? daily was given
orally for 5 days starting on day 3 of 5-azacytidine, with
dose escalation of the valproic acid. The MTD of valproic
acid was 50 mg/kg daily for 7 days. In an interim report
of 31 patients, 9 achieved CR (absolute neutrophil count
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Table 4. Clinical Activity of the Combination of 5-Azacytidine and Valproic Acid (VPA) by VPA Dose”

VPA (mg/kg) n CR CRp OR, %
50 18 7 2 50
62.5 1 0 14
75 6 1 1 B9)
Total 31 9 3 39
Untreated acute myeloid leukemia/myelodysplastic

16 7 2 56
syndromes >60 years

N=number of patients; CR=complete remission; CRp=complete remission without complete platelet recovery; OR=overall response.

*All patients received a fixed-dose of 5-azacytidine 75 mg/m?* subcutaneously daily X 7 days plus all-zrans-retinoic acid 45 mg/m? orally daily

X 5 days starting on day 3 of 5-azacytidine with escalating doses of VPA.

10°/L, platelets 100 x 10°/L, and marrow blasts <5%)
and 3 a CR without complete platelet recovery, with an
overall response of 39% (Table 4). Of the 18 patients
treated at the MTD, nine responses (50%) were observed.
Histone acetylation and transient global hypomethylation
were observed, but no correlation was seen between
degree of hypomethylation and response. Higher levels of
valproic acid were found in responders. Other forms of
combination therapy with a hypomethylating agent and
an HDAC inhibitor have been reported. In a study by
Gore and colleagues, 32 patients with MDS or AML were
treated with 5-azacytidine followed by phenylbutyrate.
Of 29 evaluable patients, 11 responded (4 CR, 1 PR, 4
major HI). All responding patients showed evidence of
p15 demethylation, while none of the nonresponders had
any demethylation. In addition, 5-azacytidine induced
histone deacetylation, which has not been shown with
5-aza-2'-deoxycytidine.”* Other HDAC inhibitors cur-
rently being evaluated in combination with either 5-aza-
cytidine or 5-aza-2'-deoxycytidine include MGCDO0103,”
vorinostat (Zolinza, Merck),”® MS-275,”7 and LBH589.7%

Conclusion

Hypomethylating agents are presently at the forefront of
the therapy and research for patients with MDS. Cur-
rently, two of the three FDA-approved drugs for MDS
are hypomethylating agents. Both drugs, 5-azacytidine
and 5-aza-2'-deoxycytidine, are efficacious and should
be recommended for patients with MDS. Several ques-
tions remain. These include agent selection, dose/sched-
ule/route of administration, and the role of combination
therapy. In terms of drug selection, it is difficult if not
impossible to recommend one agent over the other.
Technically, 5-aza-2'-deoxycytidine is not approved for
patients with low-risk MDS by the IPSS score. Beyond
that, response rates with the approved dosing schedules
of 5-azacytidine and 5-aza-2'-deoxycytidine are similar.

In lieu of a randomized comparative study of the two
agents, the individual physician will have to select the
appropriate agent based on his or her experience and
practice setting. As for the schedule of administration,
the newer lower-dose schedule of 5-aza-2'-deoxycytidine
may be more active than the traditional schedule but
perhaps at the expense of more myelosuppression; the
newer 5-day schedule of 5-azacytidine appears equally
efficacious, with less toxicity when compared with the
traditional 7-day schedule. No clear benefit can be related
now to the route of administration or the metabolism of
each drug. Finally, studies of additional dosing schedules
and combination therapy are ongoing and may increase
our armamentarium against MDS.
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Erratum

Due to an editing error, mistakes appeared in Figure 1 in “Targeted Therapy for Metastatic Melanoma” by Drs. Ravi K. Amaravadi
and Keith T. Flaherty (Clin Adv Hematol Oncol. 2007;5:386-394). The corrected figure appears below. Clinical Advances in

Hematology & Oncology regrets the error.

Figure 1. Targeted therapy
currently being evaluated
for melanoma. A melanoma
cell and tumor endothelial
cell are shown. Yellow
indicates targets with known
recurring somatic or germline
mutations in patients with
melanoma; X: inactivating
mutations or deletions have
been described.

GF=growth factor, FTIs=farnesyl
transferase inhibitors.
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