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ABSTRACT

patients have a very poor survival after azacitidine failure.

Guadecitabine (SGI-110) is a novel subcutaneous hypomethylating
agent which results in extended decitabine exposure. This multicenter
phase II study evaluated the efficacy and safety of guadecitabine in high-
risk myelodysplastic syndrome and low blast count acute myeloid
leukemia patients refractory or relapsing after azacitidine. We included 56
patients with a median age of 75 years [Interquartile Range (IQR) 69-76].
Fifty-five patients received at least one cycle of guadecitabine (60 mg/m’/d
subcutaneously days 1-5 per 28-day treatment cycles), with a median of 3
cycles (range, 0-27). Eight (14.3%) patients responded, including two com-
plete responses; median response duration was 11.5 months. Having no or
few identified somatic mutations was the only factor predicting response
(P=0.035). None of the 11 patients with TP53 mutation responded. Median
overall survival was 7.1 months, and 17.9 months in responders (3 of whom
had overall survival >2 years). In multivariate analysis, IPSS-R (revised
International Prognostic Scoring System) score other than very high
(P=0.03) primary versus secondary azacitidine failure (P=0.01) and a high
rate of demethylation in blood during the first cycle of treatment (P=0.03)
were associated with longer survival. Thus, guadecitabine can be effective,
sometimes yielding relatively prolonged survival, in a small proportion of
high-risk myelodysplastic syndrome/low blast count acute myeloid
leukemia patients who failed azacitidine. (Trial registered at clinicaltrials.gov

identifier: 02197676)

High-risk myelodysplastic syndrome/acute myeloid leukemia

Introduction

The first generation hypomethylating agents (HMA) azacitidine (AZA) or
decitabine are considered to be the reference treatment for high-risk myelodysplas-
tic syndromes (MDS) and low blast count acute myeloid leukemia (AML) (<30%
marrow blasts) in elderly patients who are not candidates for allogeneic stem cell
transplantation (allo-SCT). However, responses are seen in only 50-60% of patients,
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and the median overall survival (OS) of 18-24 months
obtained with azacitidine remains modest.! Moreover,
median survival after HMA failure is only approximately
six months.’

The hypomethylating activity of AZA and decitabine
depends on their incorporation during the S phase of the
cell cycle into RNA or DNA, respectively.® This suggests a
relationship between duration of drug exposure and effec-
tiveness of the HMA. Half-life of first generation HMA is
approximately 30 minutes, which might limit their activi-
ty in slowly dividing MDS cells.” Furthermore, a recent
study found a high response rate of 67% in unfavorable
risk MDS/AML (specifically TP53 mutated patients) after
serial 10-day cycles of decitabine, a regimen with a longer
exposure to decitabine than the classical 5-day schedule.’

Guadecitabine (SGI-110) is a novel, second-generation
hypomethylating drug. It is a dinucleotide of decitabine
(the active metabolite) and deoxyguanosine, resistant to
cytidine deaminase, the main enzyme responsible for
decitabine degradation. Cleavage of the phosphodiester
bond between the two parts of the dinucleotide results in
a slow release of decitabine, prolonging the HMA expo-
sure in cells.” A phase I/II study found a 52% (55 of 107)
response rate to guadecitabine in treatment naive AML
with tolerable toxicity.” Guadecitabine was also studied in
19 patients with relapsed or refractory MDS after HMA,
with a 32% response rate.’

These results prompted the GEM group to propose
guadecitabine as a salvage treatment in a larger series of
higher-risk MDS and low blast count AML patients after
AZA failure, not candidates for intensive chemotherapy or
allo-SCT.

Methods

Trial design

This was a national, GEM-sponsored multicenter phase II clini-
cal trial (clinicaltrials.gov identifier: 02197676) evaluating the efficacy
of guadecitabine in higher-risk MDS and low-blast count AML
patients, refractory or relapsing after AZA treatment. A first
cohort of 21 patients was planned with the objective to stop the
study if four patients or less would respond after six cycles of
guadecitabine or experience a high toxicity. After review by an
independent Data Safety Monitoring Board (DSMB), toxicity was
considered acceptable and five patients were responders. The
extended cohort included 36 patients. Because late responders had
been reported in previous studies (Issa et al., 2019, personal commu-
nication), response was also evaluated after nine cycles of
guadecitabine in the extended cohort (Online Supplementary Figure
S1).

Patients

Inclusion criteria were: i) age >18 years; i) diagnosis of MDS or
chronic myelomonocytic leukemia (CMML), with white blood
cell (WBC) count <13x10°/L according to the World Health
Organization (WHO) 2008 criteria’ with international prognostic
scoring system (IPSS) intermediate-2 or high-risk MDS™ or AML
with 20-30% marrow basts [AML/refractory anemia with excess
blasts in transformation (RAEB-t) according to the French-
American-British (FAB) classification']; ii) refractoriness to azaci-
tidine, i.e. at least six cycles without response [complete response
(CR), partial response (PR), marrow CR or stable disease with
hematologic improvement (HI), according to International
Working Group (IWG) 2006 criteria]? or relapse after a response.

Non-responders were eligible only in the absence of overt progres-
sion, i.e. at least doubling of marrow blast percentage between
start of HMA and protocol screening. Patients eligible for intensive
chemotherapy or allo-SCT were excluded.

Other eligibility criteria included an Eastern Co-operative
Oncology Group (ECOG) performance status of 0-2, and adequate
liver and hepato-renal functions (creatinine <1.5 times the upper
limit of normal, and creatinine clearance =+50 mL/min, total
bilirubin and transaminase <1.5 times the upper normal limit).
The protocol was approved by the Comité de Protection des
Personnes Paris-lle de France, the ethical committee whose
approval is valid for all participating French institutions. All
patients provided written informed consent.

Treatment

Patients received 60 mg/m’ subcutaneous guadecitabine on
days 1-5 of 28-day treatment cycles (the recommended drug regi-
men in previous studies).”® Treatment was continued until pro-
gression, death, unacceptable toxicity, or no response after six
cycles (extended to 9 cycles after the first 20 patients). Dose reduc-
tions to 45 and even 30 mg/m’/d were allowed to manage toxicity.

Biological studies

Somatic mutations were screened on bone marrow cells by a
next-generation sequencing (NGS) assay for a selected panel of 36
genes (Online Supplementary Appendix and Online Supplementary
Table S1) at inclusion for all patients and on sequential bone mar-
row samples in some responders.

Global DNA methylation was measured in 53 patients by the
long interspersed nuclear element (LINE1) methylation assay, and
changes in methylation from baseline were assessed as described
in the Online Supplementary Appendix.

End points

The primary end point was hematologic response (CR, PR, mar-
row CR or stable disease with HI according to IWG 2006 criteria)'?
Secondary end points were duration of response, rate of progres-
sion to AML, overall survival, toxicity profile of guadecitabine. All
patients who achieved a CR, PR, marrow CR or HI after 3, 6 or 9
(for the 36 patients of the extended cohort) cycles of guadecitabine
were considered responders and were allowed to continue treat-
ment until loss of response, progression, or death.

Statistical analysis

Based on the results of phase III trials of decitabine for the treat-
ment of MDS13 and AML," it was expected that guadecitabine
would achieve at least 30% hematologic responses. A Bryant and
Day 2-stage phase II design was used. Assuming a 20% response
rate (CR+PR+ marrow CR + HI according to IWG 2006 criteria)
under the null, controlling for type I and II error rates at a=0.05
and p=0.2 respectively, 19 patients had to be accrued for stage 1 of
the trial to demonstrate a benefit of 20% (i.e. a response rate of
>40%). At the end of Stage 1, the study would stop if there were
four responders or less. If there were at least five responders, 35
additional patients had to be included in the study. We assumed
that approximately 10% of the population may not be evaluable
for response and that 56 patients should, therefore, be included.

The response rate was estimated in the intention-to-treat sam-
ple, with 95% exact confidence interval. (95%CI:) The Kaplan and
Meier method was used for analysis of progression-free survival
and overall survival. Median and 25% and 75% quartiles, were
estimated.

Analysis was performed on SAS (SAS Cary, NC, USA) and R
v.8.3.2 (https://www.R-project.org/) softwares. Two-sided P<0.05

was considered statistically significant.



Results

Patients’ baseline characteristics

Between August 2014 and January 2016, we enrolled 56
patients in 13 French centers; one patient died from infec-
tion before receiving guadecitabine (Table 1 and Figure 1).
Of the 56 patients (intent-to-treat population), 66% were
males, with a median age of 75 years (range, 70-79). At
inclusion, according to WHO classification, 11 (20%)
patients had RAEB-1, 31 (55%) had RAEB-2, and 11 (20%)
had AML. Thirty-four (61%) patients had very high-risk
IPSS-R and 43 (77 %) patients were red blood cell transfu-
sion-dependent (TD), while ECOG status was >1 in five
(9%) patients. The median number of prior AZA cycles
was 13 (range 6-23). Forty-one (73%) patients had
relapsed after a response to AZA, while 15 (27%) had pri-
mary resistance. The median IQR time interval between
the HMA failure and study initiation was 50 days (33; 76)
(range, 0-251 days).

Forty-nine (87.5%) of the 56 patients had at least one
somatic mutation, with a median number of two muta-
tions (range 0-7), the most common being ASXL1 (n=14,
25%), RUNX1 (n=12, 21%), TP53 (n=11, 20%), U2AF1

Table 1. Patients’ baseline characteristics.

Age (years) 75 [70-79]
Sex

Male 37 (66%)

Female 19 (34%)
ECOG performance status

0 20 (36%)

1 31 (55%)

2 5 (9%)
WHO

MDS-MLD 2 (4%)

CMML 1 2%)

MDS-EB-1 11 (20%)

MDS-EB-2

AML 11 (20%)
IPSS

Int-1 4 (7%)

Int-2 27 (48%)

High 23 (41%)

NA 2 (4%)
IPSS-R

Low/Int 4 (7%)

High 13 (23%)

Very High 34 (61%)

NA 5 (9%)
AZA first response

Primary resistance (= 6 cycles) 15 (27%)

Relapse after response 41 (73%)
Median n. of AZA cycles 13 [9-23]
Transfusion dependence 43 (T7%)

Data are median [range] or number (n) / (%); ECOG: Eastern Cooperative Oncology
Group; WHO: World Health Organization; RCMD: refractory cytopenia with multilin-
eage dysplasia; CMML: chronic myelomonocytic leukemia; RAEB: refractory anemia
with excess blasts; RAEB-t: RAEB in transformation; AML: acute myeloid leukemia;
IPSS: International Prognostic Scoring System; Int: intermediate; NA: not available; IPSS-
R:revised IPSS; AZA: azacitidine.

(n=11, 20%), and DNMT3A (n=11, 20%) (Figure 2A).
Median variant allele frequency (VAF) of those mutations
was 29.5% (Online Supplementary Figure S2). Baseline
methylation levels of LINE-1 were similar in blood and
bone marrow samples with an average of 73% and 71%,
respectively.

Treatment outcomes

Fifty-five patients received at least one cycle of
guadecitabine. The median number of treatment cycles
received was three (range, 0-27), eight patients having
received only one cycle. Most patients received the
planned dose in all treatment cycles, but 18 patients had a
dose reduction.

Eight of 56 (14.3%) patients responded, including two
CR, one PR, three hematologic improvements, and two
marrow CR (Table 2). Seven patients had responded by
three cycles and one additional patient by six cycles, but
we observed no later response (after 9 cycles) in this study.
The median duration of response was 11.5 months
(95%CI: 9; not available) (Figure 3B), and response was
longer than 12 months in four patients (13, 19, 21, 31
months, respectively).

Median overall survival was 7.1 months [95%CI:
(5.6;11.8)] with a one-year survival of 33% (95%CI:
22.9;48.4) (Figure 4A). Responders to guadecitabine had a
median OS of 17.9 months, and three patients had >2-year
OS (24, 34, and 42 months, respectively). Forty-nine
patients had died, because of progressing disease in 28
(57.1%), infection in 13 (26.5%), bleeding in two, heart

56 patients enrolled

1 did not received treatment

18 discontinued treatment
7 deaths

6 prog ive disease

4 adverse event/toxicity

1 withdrawal of consent

37 evaluated after 3 cycles

19 discontinued treatment
3 deaths

10 progressive disease

4 adverse event/toxicity

2 withdrawal of consent

18 evaluated after 6 cycles

11 discontinued treatment
1 deaths

7 progressive disease

1 adverse event/toxicity

2 GuadecitabineFailure

) !

‘ 4 evaluated after 9 cycles

3 not evaluated after 9 cycles
(1 progressed after 12 cycles
l 1 died after 13 cycles

1 died after 9 cycles)

1 progressed after 12 cycles
1 progressed after 19 cycles
2 patients lost of response after continuing treatment

Figure 1. Flow chart of the study.
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failure in one, and from unknown cause in five. None of
the patients had received allogeneic SCT.

Prognostic factors of response and overall survival
Response was seen in four (26%) of the 15 patients
with primary failure, and four (9%) of the 41 relapsing
patients (P=0.12). The median number of mutations was
one [range, 0-3 in responders, compared with 2 (range, 0-
6) mutations in non-responders (P=0.035)], and the
response rate was significantly higher in patients with no

detectable somatic mutations compared to patients with
at least one somatic mutation (P=0.036). None of the 11
patients with TP53 mutation achieved response. Clonal
architecture was followed during treatment in five
responders with mutations at baseline. There was no sig-
nificant decrease in VAF of the mutated clone(s) at hema-
tologic response (Figure 2B). Treatment with
guadecitabine resulted in a maximum LINE-1 demethyla-
tion relative to baseline (D0) of 12.3% on day 8 of cycle
1 in peripheral blood samples and of 3.3% on day 28 of
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Table 2. Baseline characteristics and outcome of the responders.

Patientn.  Sex WHO Karyotype Somatic mutations  AZA first response Response Response  Survival
duration  (months)
(months)

#2 F AML +8, del20q No Relapse CR 13* 42%*

#4 M RAEB-1 Dellp,del5q, delllq No Relapse Marrow CR 19* 19

#9 F RAEB-1 +1, +21 PHF6, RUNXI Primary failure Marrow CR 21* 24%*

#10 M AML Normal No Relapse HI + Marrow CR 10 10

#21 M RAEB-2 Y, +8 SETBP1, RIT1 Relapse PR 9 14

#24 M RAEB-2 Normal BCOR, STAG2 Primary failure CR 31* 34x*

#29 M RCMD Del20q, +21 RUNXI, U2AF1, ASXL1 Relapse HI 7 10

#53 M RAEB-2 Normal EZH2, SETBPI1 Primary failure HI + Marrow CR 8 12

*Relatively long-term responders. **Relatively long-term survivors. F: female; M: male; WHO: World Health Organization; AZA: azacitidine; RCMD: refractory cytopenia with mul-
tilineage dysplasia; CMML: chronic myelomonocytic leukemia; RAEB: refractory anemia with excess blasts; RAEB-t: RAEB in transformation; AML: acute myeloid leukemia.

Table 3. Grade Ill-IV non-hematologic toxicities during first nine cycles
of guadecitabine treatment.

Patients N=23 N (%)
Pulmonary 7 (12.5%)
Cardiovascular 4 (7.1%)
Musculary/denutrition 4 (7.1%)
Transaminase 4 (7.1%)
Renal failure 3 (5.3%)
Gastro-intestinal 3 (5.3%)
Neurological 2 (3.6%)
Uro-genital 2 (3.6%)
Endocrinological 2 (3.6%)
N: number.

cycle 1 in bone marrow samples (Online Supplementary
Figure S3).

Except for somatic mutations, no other baseline param-
eter had significant prognostic value for response, includ-
ing age, sex, ECOG status, transfusion dependency, base-
line hemoglobin, platelet, absolute neutrophil count, bone
marrow blast percentage, cytogenetics, IPSS, IPSS-R, type
of AZA failure (primary or secondary), LINE1 baseline
methylation, or demethylation rate with treatment.

Overall survival was significantly shorter in patients with
high IPSS (HR=1.81, 95%CI: 1.1-2.97; P=0.02), with very
high IPSS-R (HR=1.5, 95%CI: 1.2-1.87; P=0.0004), and
TP53 mutation (HR=2.23, 95%CI: 1.09-4.57; P=0.028), and
longer in patients with high demethylation rate in blood on
day 8 of the first cycle (P=0.02) (Online Supplementary Figure
S4). There was a trend towards shorter survival in patients
with a higher number of somatic mutations (HR=1.18,
95%Cl: 0.97-1.44; P=0.099) and prolonged OS in patients
with primary AZA failure (HR=0.51, 95%CI: 0.25-1.01;
P=0.054), and low baseline level of methylation in blood on
day 8 of the first cycle (P=0.066) and in bone marrow on
day 28 of the first cycle (P=0.083). In multivariate analysis,
[PSS-R (P=0.03), demethylation rate in blood (P=0.03) and
the type of AZA failure (primary vs. secondary; P=0.01)
remained predictive of OS.

Using the recent prognostic model for MDS patients
having failed hypomethylating agents” that includes
ECOG >1, very poor cytogenetics, age, bone marrow
blasts >20%, transfusion dependency, platelets <30

haematologica | 2019; 104(8) -

x107/L, 21 of 49 patients were classified as low-risk and 28
as high-risk, with a median OS of 9.2 vs. 5.7 months,
respectively (HR=1.7, 95%CI: 0.8-3.8; P=0.16) (Figure 4B).
This compared with 11 and 4.5 months, respectively, for
the patients included in the prognostic model of
Nazha et al. who had received various treatments after
HMA failure.

Side effects

Ninety-nine serious adverse events (SAE) occurred in 44
patients, and they were mostly hematologic, with myelo-
suppression in 88 of 99 (88%) of events. Thirteen patients
were hospitalized for febrile neutropenia with a median
duration of hospitalization of 14 days. Grade III-IV non-
hematologic toxicities occurring in at least 3% of patients
are shown in Table 3. Regarding toxicity at injection
points, patients reported less pain and less secondary
lesions with subcutaneous guadecitabine injections than
with previous AZA injections.

Discussion

In this phase II study, treatment with guadecitabine
after AZA failure was generally safe in this elderly popu-
lation, with limited dose reductions. It yielded a modest
ORR of 14.3% and median OS of 7.1 months, but a few
longer-term responders were seen, and some biological
prognostic factors of response could be identified.

Responders to guadecitabine in our study had a median
OS of 17.9 months, compared with six months in non-
responders, the reported median survival of high-risk
MDS patients after AZA failure in the literature.” In previ-
ous smaller series of decitabine salvage after AZA failure,
median OS ranged between 5.9 and 11.8 months.>"*
Compared with those series, and also our experience
using decitabine in high-risk MDS/CMML patients after
AZA failure (that reported no CR and a median response
duration of only 3 months),” the current two CR and
median duration of response of 11.5 months achieved
with guadecitabine, with 4 of 8 responses exceeding one
year, may appear slightly better. A recent study comparing
a 5-day regimen of guadecitabine (60-90 mg/m’/d) to a 10-
day regimen (60 mg/m’/d) in relapsed or refractory AML
reported a response rate of 16% and 30.2% (P=0.1), and
an OS of 5 and 7.1 months, respectively, with no signifi-
cant difference between the two regimens.”® However,
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Figure 3. Response to guadecitabine of patients treated after azacitidine failure. (A) Cumulative incidence of response. (B) Duration of response.
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Figure 4. Overall survival of patients treated with guadecitabine after azacitidine failure. (A) Overall survival. (B) Survival according to Nazha score.

only four patients in this study had received first-line
treatment with HMA (more than 1 cycle), and predictive
factors of response and survival were not analyzed.

In the present series, we observed significant demethy-
lation in blood and bone marrow samples after one cycle
of treatment, even if there was no significant correlation
between the demethylation rate and the hematologic
response, possibly because of the small number of respon-
ders. Similar results were reported using decitabine after
AZA failure.” However, a higher demethylation rate in
blood on day 8 of cycle 1 was significantly associated with
longer OS and remained a significant prognostic factor in
multivariate analysis, suggesting that demethylation
achieved with guadecitabine after AZA failure is a mech-
anism implicated in response. This could possibly also
explain the relatively good response rate of patients with

primary AZA failure, who might have experienced AZA
resistance due to low level and duration of HMA expo-
sure, but subsequently responded to guadecitabine, which
induced greater demethylation.

To our knowledge, this is the first study analyzing the
prognostic factors of response and OS in high-risk
MDS/AML receiving a HMA after failure of a first HMA.
Previous studies reported that TET2 mutations,"”*' partic-
ularly at a VAF >10% and in the absence of co-occurring
ASXL1 mutations,” were associated with higher response
rates, whereas a higher number of detectable mutations
predicted for lower likelihood of response and complete
response, as well as shorter response duration to HMA;
however, those studies involved HMA naive patients.” In
the present study, the only predictive factor of response to
guadecitabine was the absence or small number of somat-




ic mutations, associated with a better response to treat-
ment, while no response was observed in 11 TP53 mutat-
ed patients. Thus, TP53 mutated MDS/AML patients may
have high response rates (although of short duration) with
early use of HMA (especially a 10-day regimen of
decitabine),” but after HMA failure, those patients may be
particularly resistant to further HMA therapy, even with a

different agent.

Regarding OS, our multivariate analysis showed that
primary AZA failure (vs. secondary failure), low to high
R-IPSS and higher demethylation in blood (on day 8 of
cycle') were associated with better OS, factors that could
help select patients more likely to benefit from second-line
treatment with guadecitabine. The survival impact of
guadecitabine did not seem to differ between “low-risk”
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