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MAINTENANCE THERAPY IN ACUTE 
MYELOID LEUKEMIA: A NEW STANDARD 
OF CARE
Introduction and History
Initial adult acute myeloid leukemia (AML) treatment 
is generally divided into two intensity-based approaches 
based on patient (age, comorbidities, patient preference, 
among others) and disease (genetic risk, natural history 
[de novo vs. secondary AML (sAML) vs. therapy-related 
AML (tAML)], among others) factors.1 For those patients 
deemed appropriate for intensive treatment, current 
approaches result in the achievement of a complete 
remission (CR) in a majority of cases. In such patients, 
remissions are generally consolidated by further cycles of 
chemotherapy, or by additional chemotherapy followed by 
an allogenic hematopoietic stem cell transplant (alloHSCT), 
as appropriate, depending on patient and disease factors 
as above.1

Nevertheless, a significant proportion (>50% overall) of 
patients consolidated with chemotherapy or alloHSCT still 
experience disease relapse.2,3 Transplant-requiring patients 
who are transplant ineligible, or who are ultimately unable 
to proceed to transplant because of patient or donor factors, 
are at a particularly high risk of relapse. 

Relapsed AML is difficult to treat, and outcomes are 
extremely poor.4 Relapsed AML is also associated with 
profound patient and caregiver suffering, along with 
considerable overall societal costs. An ongoing question 
in leukemia treatment is thus how AML relapse can be 

prevented in patients who are not proceeding to transplant, 
as well as in high-risk patients after transplant.

The Concept of Maintenance Therapy
An obvious solution to this question would be ongoing 
chemotherapy, with a view toward preventing (or at least 
delaying) disease relapse. Indeed, such an approach has 
been used successfully for decades in acute lymphoblastic 
leukemia (ALL),5 and until recently in acute promyelocytic 
leukemia (APL).6 For example, in the pediatric-inspired 
adult ALL protocol used at Princess Margaret Cancer 
Centre, patients ultimately complete 24 cycles of 
maintenance therapy, each lasting 3 weeks, each of 
which includes dexamethasone, vincristine/vinblastine, 
methotrexate (MTX), and 6-mercaptopurine (6-MP).7,8 In 
the case of APL, maintenance (now largely eliminated in the 
age of arsenic trioxide) consisted of cyclic all-trans retinoic 
acid (ATRA), 6-MP, and MTX, given for 1–2 years.6

Considering the established maintenance traditions for 
adult ALL and APL, the question of why there are no 
similar maintenance approaches in AML has remained an 
ongoing issue. Surely, there must be a way to recreate the 
ALL and APL maintenance experience in AML. Consistent 
with this notion, there have been numerous AML 
maintenance trials over the last several decades trying to 
replicate the ALL/APL maintenance experience. 
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These trials have included studies in 4 main categories: 
post-induction cytotoxic chemotherapy, immunotherapy, 
hypomethylating agents (HMAs), and targeted small 
molecule therapy, (reviewed overall in9,10) with the latter 
focusing predominantly on post-alloHSCT TKI maintenance 
in patients with internal tandem duplications (ITDs) in the 
fms like tyrosine kinase 3 (FLT3) gene.11-13 This review will 
focus on post-induction maintenance therapy in AML.

While numerous maintenance studies have been conducted 
in AML over the last few decades, practice-changing results 
have remained elusive. A subset of studies did demonstrate 
modestly improved disease-free survival (DFS), but this 
effect did not translate into improved overall survival 
(OS), which is a metric generally considered essential for 
maintenance drug approval. Recently, the most exciting and 
accessible studies have focused on maintenance therapy with 
HMAs - both decitabine and azacitidine. Coming from a 
Canadian perspective, this review will focus on azacitidine.

Adult Acute Myeloid Leukemia Maintenance 
With Azacitidine: HOVON97
The phase 3 HOVON97 study14 included 116 patients 
(≥ 60 years of age) with AML or with high-risk 
myelodysplastic syndrome (MDS) (Refractory Anemia 
With Excess Blasts) in CR/CRi (CR with incomplete 
hematologic recovery) after at least 2 cycles of intensive 
chemotherapy (IC). These patients were randomized to 
observation (N=60), or subcutaneous (SC) azacitidine 
maintenance (N=56; 50 mg/m2, subcutaneously, days 1–5, 
every 4 weeks until relapse, for a maximum of 12 cycles). 
Fifty-five patients received at least 1 cycle of azacitidine, 
46 patients received at least 4 cycles, and 35 patients 
received at least 12 cycles. DFS was significantly better 
for the azacitidine treatment group (P = 0.04), including 
after adjustment for poor-risk cytogenetic abnormalities 
at diagnosis and platelet count at randomization (as a 
surrogate for CR vs CRi), with an estimated 12-month DFS 

of 64% for the azacitidine group and 42% for the control 
group. Consistent with this finding, rescue treatment was 
used more often in the observation group (n=32) than in the 
azacitidine maintenance group (n=9). However, as in prior 
maintenance studies, OS did not differ between treatment 
groups, both with and without censoring for alloHSCT. 

Quazar AML-001:
The phase 3, double-blind, placebo-controlled, randomized 
Quazar AML-001 trial15 assessed an oral formulation of 
azacitidine (CC-486, Oral-AZA; not bioequivalent to 
injectable azacitidine) as maintenance therapy in patients in 
first CR after IC. 

The Quazar AML-001 study design is shown in Figure 1. 
Patients were eligible for the study if they were in first 
CR/CRi after IC +/- consolidation chemotherapy, were 
≥ 55 years of age with an Eastern Cooperative Oncology 
Group (ECOG) performance status (PS) score of ≤3, had 
de novo or secondary AML with intermediate- or poor-risk 
cytogenetics, and were deemed ineligible for alloHSCT. A 
total of 427 patients met these criteria and were randomized 
1:1 within 120 (+/-) 7 days of CR/CRi to oral azacitidine 
(CC-486, Oral-AZA, 300 mg) or placebo once daily for 
14 days in 28-day cycles. The primary end point was OS. 
Secondary end points included relapse-free survival (RFS) 
and health-related quality of life outcomes. 

Patients in the oral azacitidine and placebo arms were 
well balanced for baseline demographics and disease 
characteristics including age (median 68 years; range 
55–86 years), sex, type of AML, ECOG PS score at 
screening, cytogenetic risk at diagnosis, induction response 
(CR vs. CRi), number of induction courses received 
(1 vs. ≥2), receipt of consolidation chemotherapy  
(yes/no), median times from receipt of IC and from CR/CRi 
to randomization, and marrow blasts (%) and measurable 
residual disease (MRD) positivity (%) at randomization.

PRE-RANDOMIZATION RANDOMIZATION TREATMENT PHASE

Randomization (1:1)Screening
Key eligibility criteria: Within 4 months (± 7 days) 

of CR/CRi

Stratified by:

28-day cycles

CR/CRi

5%–15%
BM Blasts

(Optional)
CC-486/PBO

x 21 days

Stop
Treatment

End of
Study

Continue
Treatment

FOLLOW-UP
• Follow until death,

withdrawal of consent,
study termination, or 
loss to follow-up

• First CR/CRi with 
IC ± consolidation

• Age ≥ 55 years
• de novo or secondary AML
• ECOG PS score 0–3
• Intermediate- or poor-risk

cytogenetics
• Ineligible for HSCT
• Adequate bone marrow

recovery (ANC ≥ 0.5 x 109/L,
platelet count ≥ 20 x 109/L)

• Age:
55–64 / ≥ 65

• Prior MDS/CMML:
Yes / No

• Cytogenetic risk:
Intermediate / Poor

• Consolidation:
Yes / No

>15%
BM Blasts

CC-486 300 mg
QD x 14 days

Placebo
QD x 14 days

Figure 1. Quazar AML-001 - Study Deisgn; adapted from Wei and Dohner, 2020.
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As shown in Figure 2, with a median follow-up of 
41.2 months, median OS from the time of randomization 
was significantly longer with Oral-AZA (CC-486) than 
with placebo (24.7 months and 14.8 months, respectively; 
P<0.001). Median RFS was also significantly longer with 
Oral-AZA  than with placebo (10.2 months and 4.8 months, 
respectively; P<0.001). At both 12 and 24 months, 
the proportion of patients still alive was significantly 
greater with Oral-AZA  than with placebo (12 months, 
73% vs. 56%; 24 months, 51% vs. 37%, respectively). 
Consistent with these findings, univariate subgroup analysis 
looking at survival at two years demonstrated that Oral-AZA 
was favoured over placebo in virtually all demographic- 

and disease characteristic-defined subgroups. A notable 
exception was the small subgroup of patients (n=6) who had 
received 3 consolidations. 

Importantly, although other AML maintenance studies 
have demonstrated an RFS benefit, this trial was the first 
(and to date, only) to demonstrate an OS benefit as well. 
Longer follow-up (Figure 3) has confirmed the OS benefit 
of oral azacitidine.16 Indeed, with 55.5 months of follow-up, 
estimated 3-year survival rates in the Oral-AZA and placebo 
arms were 37.4% and 27.9%, respectively, while 5-year 
survival rates were 26.5% versus 20.1%.16 
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P <0.001 by stratified log-rank test

Difference, 9.9 mo

24.7 mo (95% CI, 18.7–30.5)

14.8 mo (95% CI, 11.7–17.6)
CC-486

Placebo

Months Since Randomization

Figure 2. Overall Survival - Quazar AML-001; adapted from Wei and Dohner, 2020.
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Figure 3. Overall Survival - Quazar AML-001 - 55.5 month median follow-up; adapted from Wei and Dohner, 2023. 



5

Special Supplement, January 2024

Quazar AML-001: Adverse Events
Overall, oral azacitidine was well-tolerated. The most 
common adverse events in the CC-486 (Oral-AZA) and 
placebo groups were grade 1 or 2 gastrointestinal (GI) 
events.15 Notably, however, the frequency of GI toxicities 
in the Oral-AZA arm resembled that of the placebo arm 
after one to two cycles of therapy (anti-nausea prophylaxis 
had not been included up-front in the study, and thus was 
introduced during the study only as required).17 

Other common grade 3 or 4 adverse events were neutropenia 
(in 41% of patients in the CC-486 group and 24% of patients 
in the placebo group) and thrombocytopenia (22% in the 
CC-486 group and 21% in the placebo group).15,17 These 
hematologic events were managed easily, and also were less 
commonly observed with subsequent cycles. Overall, drug 
discontinuation due to toxicity was extremely rare.

Quazar AML-001: Health-Related Quality of  
Life Measures
An obvious theoretical concern in the Quazar AML-001 
study was that ongoing chemotherapy to maintain remission 
might achieve this goal, but  at the cost of impaired quality 
of life. Patients in the Quazar AML-001 study were thus 
followed using the Functional Assessment of Chronic 
Illness Therapy (FACIT)-Fatigue Scale, as well as by 
the EQ-5D-3L wellness tool. Notably, the OS and RFS 
benefits of Oral-AZA for patients with AML in remission 
were not associated with increased fatigue or with inferior 
Health-Related Quality of Life.18

Quazar AML-001: Alternative Explanations for 
Study Results?
Following the first dissemination of the initial Quazar 
AML-001 data, questions regarding potential alternative 
explanations for the study results were raised. Alternative 
explanations included the following: Could the 
Quazar results be attributed not to oral azacitidine, but 
rather to patient status at randomization with respect 
to 1.) differences in induction and consolidation 
chemotherapy received, 2.) MRD status at baseline, and 
3.) mutational status of the nucleophosmin1 (NPM1) and 
FLT3 genes at diagnosis?

1.) Differences in Induction and Consolidation  
Chemotherapy Received

The most common agents used for induction and 
consolidation were cytarabine (induction, 99%, 
consolidation, 80%), idarubicin (induction, 55%, 
consolidation, 20%), and daunorubicin (induction, 33%, 
consolidation, 8%). The use of these agents was 
similar between the Oral-AZA and placebo arms. 
Overall, 79% of patients (n=375) received a single induction 
course before achieving remission, while 21% (n=97) 
received ≥2 inductions.19

The majority of patients (~80%) received consolidation 
after induction, and use of consolidation was similar 
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Figure 4. Overall survival by number of consolidations received; 
adapted from Wei and Roboz, 2023.
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between treatment arms (Oral-AZA, 78% [186/238]; and 
placebo, 82% [192/234]). Specifically, approximately half 
of the patients in the Oral-AZA (n=110 [46%]) and placebo 
(n=102 [44%]) arms received one prior consolidation, 
while 32% (n=76) in the Oral-AZA arm and 38% (n=90) 
in the placebo arm received ≥2 prior consolidation cycles. 
The remaining ~20% of patients (n=94) did not receive 
consolidation, including 52 patients (22%) in the Oral-AZA 
arm and 42 (18%) in the placebo arm. Notably, baseline 
characteristics were similar among consolidation-defined 
subgroups both within and between treatment arms.19 

Most importantly, as shown in Figure 4, Oral-AZA 
maintenance significantly prolonged OS compared 
with placebo, regardless of whether patients received 
consolidation (or the number of cycles of consolidation 
received) after initial induction. RFS was also prolonged in 
a similar fashion.19 

2.) Measurable Residual Disease Status at Baseline
Bone marrow MRD analysis was performed centrally by 
multiparameter flow cytometry in all patients at baseline, 
and with a plan for ongoing analyses every 3 months while 
in the study. MRD positivity (MRD+) was defined as a value 
of  ≥ 0.1% based on the European LeukemiaNet (ELN) 2017 
recommendations.20 At baseline, MRD negativity (MRD-) 
was observed in 56% of patients in the Oral-AZA arm and in 
49% of patients receiving placebo. Patient demographics and 
disease characteristics were well balanced among MRD- and 
randomization-defined subgroups.21

The effect of MRD on treatment was evaluated in patients 
with a baseline MRD assessment and ≥ 1 subsequent 
assessment. As shown in Figure 5, baseline MRD+ status 
was associated with inferior OS in both treatment arms 
(a similar effect on RFS was also observed). Notably, 
Oral-AZA improved survival regardless of baseline MRD 
status.21 In addition, Oral-AZA was also associated with 
a higher proportion of MRD responders, with 37% of 

patients MRD+ at baseline converting to MRD- status at 
a later study timepoint compared with 19% of patients 
receiving placebo. This finding indicates that Oral-AZA 
has MRD-erasing activity. Consistent with this finding, 
Oral-AZA was also associated with a longer duration of 
MRD- status (~11.0 months compared with ~5.0 months in 
the placebo arm). The effect of Oral-AZA on MRD status 
was unrelated to the number of consolidations received.21

3.) Mutational Status at Diagnosis
Considering that patients were enrolled into the 
Quazar AML-001 study not at diagnosis, but after the 
achievement of CR/CRi, mutational status at disease 
diagnosis was obtained from patient case report forms. 
Molecular data were available at diagnosis for 99.4% of 
enrolled patients. NPM1 mutations (NPM1mut) were found 
in 29.2% of patients, FLT3 mutations (FLT3mut; FLT3-ITD 
or FLT3-TKD, or both) were found in 14.1% of patients, 
and 6.4% of patients had both an NPM1 and a FLT3-ITD 
mutation.22

As shown in Figure 6, among patients with NPM1mut, OS 
was improved with Oral-AZA by 37% (hazard ratio [HR], 
0.63; 95% confidence interval [CI], 0.41-0.98), while RFS 
was improved by 45% (HR, 0.55; 95% CI, 0.35-0.84, vs. 
placebo.) This improvement in median OS was observed 
in patients both MRD- (48.6 months vs. 31.4 months with 
placebo) and MRD+ (46.1 months vs. 10.0 months with 
placebo) at randomization.22 

Among patients with FLT3mut, Oral-AZA improved 
OS by 37% (HR, 0.63; 95% CI, 0.35–1.12) and RFS 
by 49% (HR, 0.51; 95% CI, 0.27-0.95), vs. placebo. 
This improvement in median OS was observed in patients 
both MRD- (28.2 months vs. 16.2 months with placebo) 
and MRD+ (24.0 months vs 8.0 months with placebo) 
at randomization.22

The sample size of patients bearing both NPM1mut 

and a FLT3-ITD mutation was too small to draw firm 
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Figure 5. Overall Survival by baseline MRD status; adapted from Roboz and Ravandi, 2022.
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Figure 6. Overall Survival by mutational status at diagnosis; adapted from Dohner and Wei, 2022 and Dohner, 2020.
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conclusions. However, as shown in Figure 6C, in the 
placebo arm median OS was 18.0 months for NPM1mut 
patients without a FLT3-ITD mutation vs. 11.5 months 
in patients with both mutations. In contrast, within the 
Oral-AZA arm the co-occurrence of FLT3-ITD mutations 
in patients with NPM1mut did not significantly affect 
survival: median OS was 46.1 months for patients with 
co-occurring FLT3-ITD and 48.6 months for those without 
FLT3-ITD. Oral-AZA nominally prolonged OS vs placebo 
in patients with NPM1mut with or without a co-occurring 
FLT3-ITD mutation.1

Taken together, the data summarized in sections 1., 2., and 
3. above indicate that the effect of Oral-AZA on survival 
is independent of prior chemotherapy received (and in 
particular, of the number of consolidations received), 
MRD status at baseline, and NPM1 and FLT3 mutational 
status at diagnosis. In addition, these data demonstrate 
that Oral-AZA has MRD-erasing ability and suggest that 
Oral-AZA may improve outcomes in at least some patients 
with FLT3mut.

Oral-AZA: Canadian Perspective
The Quazar AML-001 study of Oral-AZA maintenance is 
the first study to demonstrate a benefit in both RFS and OS. 
Consequently, Oral-AZA has rapidly received approval 
for use in multiple jurisdictions and has defined a new 
standard-of-care in AML treatment. 

Quazar AML-001 had specific eligibility criteria for 
patients to receive Oral-AZA. The criteria included the 
following: patients had to be in first CR/CRi after IC 
+/- consolidation chemotherapy, aged ≥ 55 years, with 
an ECOG PS ≤3, with de novo or secondary AML with 

intermediate- or poor-risk cytogenetics, and deemed 
ineligible for alloHSCT. 

The Canadian Agency for Drugs and Technologies in Health 
(CADTH) pan-Canadian Oncology Drug Review (pCODR) 
Oral-AZA reimbursement recommendations have retained 
most of these study criteria (except for patients needing to 
be aged ≥ 55 years):

• Newly diagnosed AML (de novo or secondary to prior 
MDS or chronic myelomonocytic leukemia) 

• Intermediate- or poor-risk cytogenetics

• In first remission (CR or CRi) following induction 
chemotherapy with or without consolidation 
chemotherapy

• Not eligible for alloHSCT

• Must be adult (≥ 18 years of age)

Oral-AZA: Canadian Perspective:  
Common Questions
1.) Eligibility Issues

While the above reimbursement criteria appear 
relatively straightforward, ongoing questions regarding 
eligibility remain:

• ‘Therapy-related AML’. 

This remains excluded. 

• ‘Intermediate- or poor-risk cytogenetics’.
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Cytogenetic risk stratification in Quazar AML-001 was 
based on NCCN 2011 criteria which did not include 
molecular diagnostics.23

The CADTH recommendations retain this cytogenetic 
definition, but their wording has caused confusion, as they 
specify ‘intermediate- or poor-risk cytogenetics defined 
according to the ELN 2017 recommendations for risk 
stratification in AML.20 ELN 2017 actually defines ‘risk 
stratification by genetics’ which is a synthesis of defined 
cytogenetic and molecular abnormalities. ‘Cytogenetic 
risk’ excludes molecular diagnostics. AML patients with 
intermediate-risk cytogenetics who are also NPM1mut were 
included in the Quazar AML-001 study, and they remain 
eligible today for Oral-AZA, assuming that the other criteria 
are met.

Therefore, by extension, the only patients with AML 
excluded from access to Oral-AZA are those with 
‘good-risk’ cytogenetics (i.e., the core binding factor (CBF) 
leukemias [t(8;21), inv(16), and t(16;16)], APL [t(15;17]), 
and intermediate- and high-risk patients proceeding 
to alloHSCT.

The term ‘not eligible for transplant’ has also caused 
confusion. First, transplant eligibility is dynamic, with 
‘eligible’ patients often becoming ‘ineligible’, and vice 
versa. Second, transplant ineligibility can incorporate a 
number of potential factors including transplant deemed 
not appropriate or needed, no suitable donor found (to 
date), patient declines transplant, transplant delayed due to 
recipient or donor issues, among others. Oral-AZA could be 
considered for patients in these clinical scenarios.

2.) Management Issues
How long should a patient remain on Oral-AZA?

• The duration of treatment with Oral-AZA remains 
controversial. In the Quazar AML-001 study the 
median duration of treatment was 12 cycles (range 
1-80) for Oral-AZA, and 6 cycles (range 1–73) for 
placebo.15 Figure 2 shows that the Oral-AZA and 
placebo OS curves remain separated at 36 and 48 
months. A reasonable suggestion might therefore be to 
continue maintenance therapy for ~4 years. With longer 
follow-up, (Figure 3)16 the two curves remain separated 
at 60 months, although at the 60-month time point the 
difference is small, as are patient numbers. 

Do the GI and other toxicities associated with Oral-AZA 
preclude long-term use?

• The Quazar AML-001 safety data illustrate that 
Oral-AZA is generally well-tolerated, and adverse events 
are usually easily treated. Moreover, adverse events 
decreased significantly after 1 to 2 cycles (the study 
did not include up-front prophylactic antinausea 
medications).17 In addition, only ~3.5% of patients 
discontinued Oral-AZA due to nausea/vomiting.15 

Will treatment with Oral-AZA select for treatment-resistant 
cells, thereby jeopardizing salvage therapy following relapse? 

• In a post-hoc analysis of outcomes in Quazar AML-001 
patients receiving subsequent therapy for relapse, salvage 
outcomes in Oral-AZA-treated patients were identical 
to those of placebo-treated patients. Thus, Oral-AZA 
maintenance can prolong AML remission duration 
without negatively impacting survival outcomes after 
salvage therapies.24

When should I first introduce the topic of post-intensive 
chemotherapy maintenance therapy to my patients with AML? 

• Maintenance therapy has been used routinely for decades 
in patients with ALL, and is usually discussed with 
the patient up-front, at the initial treatment discussion. 
Ideally, the same early discussion of maintenance therapy 
should now occur in newly diagnosed AML, to avoid 
surprising the patient later during their treatment course. 
The possibility of post-IC alloHSCT is often discussed 
routinely at the time of AML diagnosis. However, in the 
absence of an alloHSCT, post-IC maintenance therapy 
is a new approach where previously there was none. The 
possibility of maintenance therapy for AML should also 
be discussed up-front.

Conclusions
The Quazar AML-001study of Oral-AZA maintenance 
in AML is the first to demonstrate a benefit in both 
RFS and OS. Consequently, Oral-AZA has received 
approval for use in multiple jurisdictions. After many 
years, maintenance therapy has finally emerged as a new 
standard-of-care in AML treatment. Oral-AZA provides 
an OS benefit that is independent of the number of 
consolidations received, baseline MRD, or mutational status 
at diagnosis. Furthermore, Oral-AZA is well-tolerated, with 
easily-managed toxicities. Moreover, the oral formulation 
lends itself to easy delivery closer to home. 

A wide range of patients are eligible for maintenance 
therapy with Oral-AZA. By current eligibility criteria, the 
only patients with AML excluded from Oral-AZA are those 
with ‘good-risk’ cytogenetics (i.e., the CBF leukemias, and 
APL), and intermediate- and high-risk patients proceeding 
to alloHSCT. While indicated for patients ‘not eligible’ 
for alloHSCT, transplant ineligibility includes a variety of 
clinical scenarios, and in addition, transplant eligibility can 
be dynamic. 

The advent of effective maintenance therapy for AML, 
defines a new, and long-awaited, era in AML treatment. We 
can anticipate that the indications for maintenance therapy 
will widen going forward, and that other maintenance 
approaches will follow in the footsteps of Oral-AZA. 
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