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Synopsis
Myelodysplastic syndrome (MDS) is a heterogeneous, clonal stem cell disorder of the blood and
marrow typically diagnosed based on the presence of persistent cytopenia(s), dysplastic cells, and
genetic markers. Common issues that arise in the clinical management include difficulty
confirming MDS diagnosis, lack of a standard approach with novel agents in MDS, and few
prospective long-term, randomized-controlled MDS clinical studies to guide allogeneic blood and
marrow transplant. With the recent genetic characterization of MDS, certain aspects of these issues
will be better addressed by integrating genetic data into clinical study design and clinical practice.
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Introduction

In this review article, I discuss anemia caused by underlying myelodysplastic syndrome
(MDS), a hematologic malignancy associated with widely varying clinical presentations,
mutation patterns, and patient outcomes. “Myelo” means marrow and “dysplasia” means
abnormal development. MDS is characterized by low blood cell counts, abnormal blood cell
development, clonal genetic markers, and increased propensity towards acute myeloid
leukemia (AML). The general incidence in the US population is about 4.8 per 100,000 per
year but is as high as 30 to 60 per 100,000 per year in people over 70 years old
(Surveillance, Epidemiology and End Results, Cancer Statistics Review, 1975-2010.
National Cancer Institute; 2013). There is a slight male to female predominance (1.26 to 1).
Risk-adapted monitoring and therapy are essential cornerstones of MDS clinical
management. Over the past 5 years, advances in massive parallel sequencing technology
have enabled genetic characterization of MDS to a point that the focus has now shifted
towards translating these findings to improve patient outcomes. This will require, for
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example, integration of genetic data and disease behavior to help choose/design better
therapies, exploitation of synthetic lethality based on mutational exclusivity, and defining the
genetic and biologic determinants of the good-responders versus poor-responders to various
existing therapies. The use of genetic markers to predict and monitor risk for disease relapse
may improve the selection of conditioning regimens and maintenance therapies in the setting
of allogeneic blood and marrow transplant (BMT). The availability of molecular genetic
testing has also helped with the diagnosis of MDS and other pre-diagnostic conditions,
especially when dysplasia is not overtly present or WHO criteria are not met based on
absolute cut-offs (e.g., >10% dysplasia in a cell lineage). | will present these discussions
points using clinical vignettes that broadly represent common situations. I will integrate the
latest research in MDS. A more targeted, in-depth review covering the genetics of MDS,
prognostic systems, treatment options, allogeneic BMT, and drugs in the pipeline are
available in recent excellent review articles as cited. The discussion points will focus on
integrating genetic data into diagnostic and prognostic considerations, managing patients
who “fail” DNA methyltransferase (DNMT) inhibitors, and evaluating patients for
allogeneic BMT. | will discuss potential future directions in clinical management and
translational research in MDS.

Clinical vignette #1: Diagnostic considerations in MDS

A previously healthy 37 year old male presented with progressive fatigue and dyspnea on
exertion over the course of a few weeks. He was found to have a hypoproliferative anemia
with hemoglobin level of 6.3 g/dL and reticulocyte of 0.15%. His platelet count, white blood
cell count (WBC), and WBC differential were unremarkable. His blood smear was otherwise
unremarkable. There was no laboratory evidence of hemolysis. He also reported intermittent
fevers and diffuse body aches. His bone marrow biopsy showed hypercellular marrow
(100% cellularity), marked myeloid hyperplasia, mild dysplasia in granulocytes (dyspoeisis
in less than 10%), mild 1+ reticulin fibrosis, 3% blasts enumerated by morphology, slightly
increased megakaryocytes with occasional clusters and small forms, scant erythroid
hematopoiesis, and plasma cells focally increased but overall 2%. He had a normal male
karyotype and BCR-ABL and JAKZ-V617F were not detected. He was requiring frequent
red cell transfusions to maintain hemoglobin above 7.0 g/dL. He was referred for discussion
of treatment recommendations for newly diagnosed MDS.

Assessment of clinical vignhette #1

Patient is relatively young with rapid onset of symptoms mainly due to symptomatic anemia.
The median age of MDS diagnosis is 76 years old! and the typical clinical presentation
tends to be indolent and progressive over months not weeks. Approximately 6% of cases of
MDS are diagnosed in people under 50 years old.! The patient does not have the standard
risk factors for MDS including, for example, advanced age, hereditary marrow failure
syndromes, industrial benzene or other solvent exposure, or prior chemotherapy and
radiation.? In addition to cytopenias, the CBC and a blood smear in an MDS patient may
also reveal bilobed (pseudo- Pelger Huet), hypersegmented, or hypogranulated neutrophils,
unexplained macrocytosis (>100 fL) and oval-shaped RBCs (macro-ovalocytes), elevated
red cell distribution width (RDW), and giant or hypogranulated platelets.
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The patient did not have any of these findings. Thus, even before looking closer at his
outside bone marrow biopsy slides and ordering molecular testing on his blood, | had
already considered other possible diagnoses of anemia. The patient’s marrow is abnormal
but the findings are non-specific. At 37 years old, the patient’s marrow cellularity, the
hematopoietic cellular component expressed as a percentage relative to fatty tissue, should
be around 50% based on the general approximation that a typical normal bone marrow
cellularity percentage is 100-age.3 Referring to the 2008 WHO criteria,* the following are
required for a diagnosis of MDS: persistent cytopenias(s), =210% dysplasia in one or more
cell lineage, and MDS-associated clonal cytogenetic or molecular marker. In this case, the
cytopenia (anemia) has been present for only a few weeks since diagnosis, the dysplasia is
not apparently a prominent finding (granulocytic dyspoiesis in less than 10% of cells), and
the lack of a clonal cytogenetic marker was not helpful for a diagnosis of MDS.
Approximately 50% of cases of de novo MDS (cases of MDS not associated with prior
chemotherapy, radiation, or antecedent hematologic malignancy) are associated with a
cytogenetic marker. >6 Therefore, not having a cytogenetic marker does not exclude the
possibility of a diagnosis of MDS. It is also not uncommon to come across a pathology
report that lacks qualitative and/or quantitative description of the degree of dysplasia, which
is inherently important for evaluating the WHO criteria for diagnosing MDS. Some of the
morphologic manifestations of MDS are less specific for MDS (e.qg., increased
megaloblastoid changes or cytoplasmic vacuolization) and some are more specific for MDS
including nuclear hypolobation in granulocytes and multiple separated nuclei in
megakaryocytes.*” Thus, so far, the patient does not appear to meet the criteria for a
conclusive diagnosis of MDS. Furthermore, sequencing of a 42-gene hematologic
malignancy panel from a blood sample returned without any mutations. It has been
estimated that more than 90% of MDS will harbor mutations in at least one of the genes
listed in Figure 1.8° In my clinical practice, if a patient has suspected MDS but does not
have a conclusive diagnosis of MDS by WHO criteria and has no mutation in this gene
panel, | will reconsider other differential diagnoses for anemia and proceed with work-up
accordingly.

The patient does not fulfill the basic criterion for one of the pre-diagnostic stages associated
with MDS and other hematologic malignancies (Table 1) because he does not have a clonal
molecular or cytogenetic marker. These pre-diagnostic stages were only recently defined
with the aid of high throughput, more cost-effective massive parallel sequencing of samples
from existing cohort studies.10-13 Given the patient’s clinical presentation was highly
unusual for MDS and he had symptoms suggestive of systemic inflammation, | checked an
erythrocyte sedimentation rate, which was profoundly elevated at 120 mm/hr (normal range
0-15 mm/hr). | considered a diagnosis of immune-mediated pure red cell aplasia given the
scant erythroid hematopoiesis. This is a condition associated with the destruction of
precursors of red cells but without the typical laboratory findings of hemolytic anemia. | had
ruled out aplastic anemia because he had preserved WBC and platelets and a hypercellular
marrow. A paroxysmal nocturnal hemoglobinuria screen by flow cytometry was negative. Of
note HIV antibody screen, EBV quantitation by PCR, and parvovirus B19 by PCR were
negative. Thus, I treated the patient with prednisone (60mg daily for 2 weeks then rapidly
tapered him off) and cyclosporine (trough level 200-250 ng/ml). Within 3 weeks, he had a
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brisk erythropoiesis with a hemoglobin rise to 10.3 g/dL without transfusion support then
achieved a normal hemoglobin level after 5 weeks of treatment. He was treated with
cyclosporine alone for one year then tapered off and has maintained normal blood counts for
more than two years.

In summary, this case highlights the importance of carefully considering the clinical
presentation, degree and type of “dysplasia” present, lack of a clonal genetic marker, and
other causes of anemia in those patients without a conclusive diagnosis of MDS by WHO
criteria.

Clinical vignette #2: Evaluating patients that fail hypomethylating agents

A 78 year old female was diagnosed with low-risk myelodysplasia (International Prognostic
Scoring System ([IPSS] score of 0; estimated median OS of 5.7 years).14 She initially
presented with a hemoglobin of 5.8 g/dL. Her WBC and platelets were in the normal range.
Review of her bone marrow biopsy findings confirmed the WHO criteria diagnosis of MDS.
Her marrow was markedly hypercellular at 90%. She had mild megaloblastoid changes in
the erythroid lineage and prominent bilobed and unilobed megakaryocytic forms. Blasts
were 3-4% by morphology and she had a normal female karyotype. JAK2-V617F and BCR-
ABL were negative. No other molecular studies were done. The patient was highly
dependent on regular red cell transfusions. Because of the degree of anemia, she was treated
with azacitidine 75mg/m2/day subcutaneously on days 1-7 of every 28-day cycle. After the
2"d cycle, her hemoglobin rose to 11.3 g/dL and she achieved transfusion independence. She
proceeded with the 3™ and 4t cycle as scheduled and was referred at the end of her 4t cycle
due to persistent pancytopenia, with a clinical determination of azacitidine failure and
disease progression. At her first consult visit, she had a fever in the setting of severe
neutropenia and was promptly admitted to the hospital for further evaluation.

Assessment of clinical vignette #2

This patient had low risk MDS using the original IPSS scoring system. If we compare her
risk group using a revised IPSS (IPSS-R) scoring system incorporating the degree of anemia
as a variable her score is 3.5 (intermediate risk, median OS of 3 years).1° Other risk scoring
systems and common cytogenetic findings observed in MDS are listed in Table 2. Several
low risk scoring systems have emerged and may better delineate patients within the low risk
group.16-18 Generally, the standard approach is to consider azacitidine for treatment of high
risk patients (intermediate-2 or high risk IPSS categories) given the survival benefit of
median 9.5 months observed in a multicenter, randomized phase 3 trial comparing
azacitidine versus best supportive care.1® Azacitidine and decitabine are cytosine nucleoside
analogs that inhibit DNA methyltransferase at lower dose ranges. DNA methyltransferase
catalyzes methylation of cytosines in CpG islands involved in transcriptional regulation of
genes. Azacitidine is also considered in low risk patients (low or intermediate-1 risk IPSS
categories) who display significant cytopenias and/or have failed other treatment options and
has been studied in a large phase I study using various dosing strategies.20 MDS treatment
options for various clinical aspects of MDS are listed in Table 3. For example, for anemia,
treatment might include danazol, erythropoiesis-stimulating agents (ESAS),
immunosuppression, and/or lenalidomide. However, given the patient’s high EPO level of
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>500 ng/ml and degree of anemia and transfusion dependence, it was unlikely that she
would have an adequate, if any, response to ESAs.21:22 Thus, she was treated with
azacitidine (FDA-approved in 2004 for MDS) with the hope that this would significantly
improve her anemia.

Although azacitidine was studied with the dose/schedule used in this patient, there are no
consensus guidelines on how to manage patients on azacitidine specifically. Therefore, |
highlight some important considerations and provide a “how | evaluate and treat” guideline
that | routinely apply in my patients (Figure 2). The guideline covers some key principles
and is not meant to replace clinical assessment and judgment. There are specific disease/
patient characteristics to consider when managing patients with MDS, including active
comorbidities, overall health, goals of care, caregiver support, and access to clinic/infusion
services. In this guideline, | have considered the existing data on azacitidine in low risk
MDS, the fact that older patients have increased toxicity and altered drug metabolism, the
kinetics of clinical responses with azacitidine in clinical trial studies, and the molecular and
hematologic markers that predict clinical responses. Hematologic responses are higher in
those patients harboring 7E7.22324 and DNMT3A mutations.2>26 Approximately 90% of
clinical responses occur within 4 cycles of a 28- day cycle.20 This is a point when I re-
evaluate risks/benefits with my patients, especially those who have experienced significant
quality of life decrement and/or side effects or toxicities. If there has been no appreciable
response after 6 cycles, the patient is unlikely to achieve a response with additional cycles
but not impossible. Decitabine (FDA-approved in 2006 for MDS) is not my first choice in
patients with intermediate-2 and high risk MDS mainly due to the lack of a phase 3,
randomized-controlled trial showing a clear survival benefit.2’-2% The exact for reason for
this is unknown but some have proposed that the current dosing strategies may favor
cytotoxic effects over DNMT inhibitory effects,30 the ideal dose/schedule has not been
determined,31:32 and the fact that decitabine has a different mechanism of action as it only
incorporates into DNA, while azacitidine incorporates into both DNA and RNA.33 Overall,
decitabine is thought to have similar rates of progression-free survival and hematologic
responses compared with azacitidine in retrospective studies but may be associated with
slightly more neutropenic/infectious complications especially in an older patient
population.34

In this clinical vignette, the patient had a deeper and longer nadir (period of lowest blood
cell counts) during the 3" cycle compared to the previous two cycles when she had an
excellent hematologic response and marrow recovery between the 15t and 2" cycles and the
2" and 3" cycles. However, she had not fully recovered counts on day one of the 4™ cycle
but was given this cycle at full dose, on time. During her 41 cycle, she end up having her
deepest and longest nadir yet and presented with neutropenic fever. Work-up in the hospital
revealed she had aspergillus pneumonia, an infection associated with high mortality rates in
patients with hematologic malignancies.3®> Her marrow evaluation revealed a hypocellular
marrow (~10% cellularity) with trilineage hypoplasia, megaloblastoid erythropoiesis,
megakaryocytic dysplasia, no increase in blasts (1%), and no evidence of acute leukemia.
Thus, she was experiencing a cumulative azacitidine toxicity effect leading to severe
pancytopenia and marrow hypoplasia. She had not been on prophylaxis antibiotics. | have
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indicated the antibiotic prophylaxis regimen | use in my clinical practice (Figure 2). In this
case, | would have evaluated her marrow after the 3™ cycle and considered reducing her
azacitidine dose (e.g., to a 5-day regimen) or lengthening her cycles to a 35- or 42-day cycle.
In this case, the patient survived this critical illness and eventually recovered her counts
approximately 8 weeks later. Interestingly, she had one additional year of transfusion
independence but had to restart azacitidine when her anemia returned. She maintained some
degree of response for another year before her disease progressed to a highly proliferative
CMML-like disease.

In summary, there may be multifactorial reasons for patients who fail DNMT inhibitors. The
reasons may not be strictly due to disease characteristics. The reasons for failing DNMT
inhibitors should be looked at carefully in order to avoid a premature conclusion of
azacitidine failure when actually the treatment had worked too well. Appropriate marrow
evaluation, dose/schedule adjustment, and supportive care should be instituted. Patients who
fail DNMT inhibitors due to disease characteristics have a poor prognosis,3¢:37 including
those patients who were initially thought to have low risk MDS.38

Clinical vignette #3: Risk-adapted treatment and allogeneic BMT

A 70 year old man with history of chronic lymphocytic leukemia (normal karyotype) and
diffuse large B-cell lymphoma transformation (DLBCL) presented with progressive
neutropenia and a new clonal derivative chromosome 7, resulting in del7q and gain in 1q in
approximately 10% of marrow cells. He had received five different multi-agent cytotoxic
chemotherapy regimens over the course of six years, including the last regimen consisting of
carmustine + etoposide + cytarabine + melphalan (BEAM) as high dose chemotherapy
followed by autologous stem cell rescue. He had a DNMT3A p.R635L mutation. Dysplasia
was prominent (>10% level) in the granulocytic series (cytoplasmic to nuclear asynchrony
and abnormal granulation) and the megakaryocytes (separate nuclear lobes and
hyperchromatic nuclei). Blasts were less than 5%. These findings are most compatible with
therapy-related MDS. He is being referred for evaluation of treatment options.

Assessment of clinical vignette #3

This is a patient with therapy-related MDS. His cytogenetic findings suggest that of the two
“pathways” toward therapy-related MDS (Table 4), the disease pathogenesis was more
consistent with the alkylating agent-driven pathway. He had received both types of
chemotherapy in the past (alkylating and topoisomerase Il inhibitors). In Table 4, | compare
and contrast the typical features of these two pathways.3%-42 Recently, prognostic systems
specific for therapy-related MDS were validated.*344 High risk features include age =65
years, ECOG performance status 2 to 4, poor-risk cytogenetics (=7 and/or complex), WHO
MDS subtype (RARS or RAEB-1/2), presence of cytopenias, and transfusion dependency.
Cytogenetic abnormalities are present in approximately 80-90% of patients with therapy-
related MDS3%941 versus approximately 50% of patients with de novo MDS (patients
without prior chemotherapy or radiation). >6 MDS with complex cytogenetics (defined as 3
or more cytogenetic abnormalities) and monosomy karyotype (defined as 2 or more
monosomies or a single monosomy with other structural abnormalities) carries a very poor
prognosis and are characteristically associated with low responses to cytotoxic

Med Clin North Am. Author manuscript; available in PMC 2018 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Dao

Page 7

chemotherapy and poor survival outcomes after allogeneic BMT.45-53 Mutations in TP53 are
more common in therapy-related MDS than in de novo MDS.>*%5 Secondary MDS/AML, as
discussed in this review, is a condition in which MDS/AML develops after having another
type of hematologic malignancy such as primary myelofibrosis. Secondary MDS has similar
poor-risk characteristics to therapy-related MDS, both having higher frequency of complex
and monosomy karyotypes and higher rates of AML transformation compared to de novo
MDS.56_58

Due to prior cumulative chemotherapy toxicities, patients who have therapy-related
MDS/AML may have increased risks for organ toxicities and infectious complications with
intensive chemotherapy. The decision to treat therapy-related or secondary MDS/AML
patients with multi-agent cytotoxic chemotherapy should be carefully reviewed as those with
high-risk cytogenetic disease may not realize any survival benefit from multi-agent cytotoxic
chemotherapy either as the only therapy or as cytoreductive therapy ahead of allogeneic
BMT.59 Various calculators are available to estimate in-hospital and/or early mortality rates
after multi-agent cytotoxic chemotherapy for more patient-specific risk/benefit
discussions.59-62 Many of these calculators include prognostic factors such as age,
functional status, kidney function, cytogenetics, blast counts, and de novo vs. therapy-related
or secondary MDS/AML. Incorporation of genetic mutations into these risk calculators are
likely forthcoming.

Thus, this patient should be considered for allogeneic BMT if he has a suitable donor option.
In addition to therapy-related and secondary MDS, allogeneic BMT should also be
considered early in disease course for de novo MDS patients in the IPSS intermediate-2 and
high risk groups.83 A question that often comes up is whether azacitidine treatment should
be used as a “bridge to transplant.”64.65 Treatment with azacitidine ahead of allogeneic BMT
may serve several purposes including improving marrow function, reducing blast counts,
and delaying disease transformation to AML. Generally, if the patient has disease
characteristics that warrants allogeneic BMT, is an allogeneic BMT candidate, and has less
than 10% marrow myeloblasts, proceeding with transplant in the short term as upfront
therapy is recommended because there may be increased adverse outcomes with a prolonged
pre-transplant period such as immunosuppression, infectious complications, transfusion
dependence, transfusion-related alloimmunization, and iron overload that may delay or
affect transplant success. The strongest predictors of relapse after allogeneic BMT are
related to disease cytogenetics and marrow myeloblasts.56 While reducing marrow
myeloblasts to less than 10% has been cited as an optimal goal before proceeding with
transplant conditioning chemotherapy and is often included as an inclusion criterion for
BMT clinical trials, there are no prospective, randomizedcontrolled studies based on disease
characteristics to support that giving azacitidine or chemotherapy to achieve this goal
provides overall survival benefit if the marrow myeloblasts are just above this value (e.g.,
10-20%) or if the disease is associated with high-risk cytogenetics. High-risk cytogenetics
and high percentage of marrow myeloblasts reflect disease biology; therefore, those patients
with these characteristics have worse outcomes compared to those without these
characteristics, perhaps regardless of the pre-allogeneic BMT treatment.>°
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Curing patients of their high risk hematologic malignancies requires an adequate and steady
graft versus leukemia effect. While the donor and host are typically matched at key human
leukocyte antigen (HLA) loci to minimize acute graft rejection by the host and acute graft
versus host disease, the unmatched antigens (including tumor antigens) not considered in
identifying a matched donor ideally induces donor immunogenic responses against host
leukemia cells (graft versus leukemia effect) more so than against other host tissues (graft
versus host disease). In this case, the patient had an HLA-identical sibling donor. The
majority of transplant centers consider reduced intensity conditioning chemotherapy for
patients over 60 years old. Conditioning chemotherapy serves several main purposes: 1)
reduce disease burden as much as possible; 2) clear out the cellular components of the host
bone marrow, and 3) suppress the host immune system to minimize graft rejection. Reduced
intensity conditioning regimens are associated with lower rates of treatment-related
mortality but higher rates of relapsed-related mortality compared to conventional
myeloablative conditioning regimens such as busulfan-cyclophosphamide or
cyclophosphamide-total body irradiation where the reverse is true.56 Retrospective studies
have generally indicated similar overall survival rates when comparing reduced intensity
versus myeloablative chemotherapy.®” However, the major caveats for applying this data to
clinical practice include the inherent selection bias of choosing various treatment approaches
based on patient and disease characteristics and the relatively short term follow-up data. The
decision to use reduced intensity versus myeloablative conditioning regimens should be
carefully considered based on age, comorbidities (e.g., hematopoietic cell transplantation
comorbidity index), donor type, graft source, and disease biology.87:68 A randomized-
controlled US study (BMT CTN 0901) was closed early in 2014 due to preliminary analysis
indicating superior relapse reduction of myeloablative regimens compared to reduced
intensity regimens.5” The study has not been published but was recently presented at the
American Society of Hematology meeting in 2015 (Dr. Bart Scott, et al. late-breaking
abstract) so the overall study design and quality of the data have not been fully evaluated. In
the meantime, in appropriate patients, a conventional myeloablative regimen or the most
intense reduced intensity regimen should be considered.5 In this case, the patient received
one of the more intense reduced intensity regimens (fludarabine and melphalan).

Long-term survival in remission following HLA-matched related or unrelated donor sources
for IPSS intermediate-2 and high risk groups are approximately 40 and 30%, respectively.5?
For those with high risk cytogenetics (complex or monosomy karyotype), long-term survival
is 10% or less.”0 In this current era of nearly complete genetic characterization of
hematologic malignancies, more sensitive, convenient markers of disease may be followed
to monitor residual disease or early relapse. Studies are ongoing to define the use of disease-
related genetic markers after allogeneic BMT. If a genetic marker persists, would a post-
allogeneic BMT maneuver improve survival and prevent disease relapse? Such maneuvers
might include early donor leukocyte infusions, tapering of immunosuppressive agents, small
molecule inhibitors, and/or other targeted interventions. DNMT and FLT3 inhibitors are
being investigated as maintenance therapy post-allogeneic BMT in cases of very high risk
disease characteristics and minimal residual disease detection.”~78 In this case, the patient’s
DNMT3A p.R635L mutation may be followed in his blood after transplant and DNMT
inhibitors may be beneficial to reduce his risk for disease relapse.
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Summary and future considerations

In summary, in the time span of approximately ten years, three FDA-approved drugs are
available for MDS and several groups have genetically characterized MDS to a greater
extent than previously. The genetic data will aid in diagnosis of MDS with equivocal
pathologic data, and in time, enhance utilization of novel and existing drugs (singly or in
combination) and treatment after post-allogeneic BMT. An important question is could there
be a role for earlier treatment with DNMT inhibitors for select CCUS and low risk MDS
phases if a convenient oral formulation allows for chronic, less toxic dosing? We should also
reconsider the necessity to eradicate the disease versus stabilization of a disease so that it
never transforms into something much worse such has high risk MDS and AML. We know
that DNMT inhibitors fail to induce complete remission in the vast majorly of patients yet
those with hematologic responses experience survival benefit and longer time to AML
transformation. Novel, less toxic biologic and targeted therapies are needed in MDS, such as
those that target mutations in IDH1/2 and spliceosome genes. Antibody-based therapies such
as those that target CD33 and PD1 are also being actively investigated in clinical trials.
Having better tools, such as more cost-effective massive parallel sequencing and newer
strategies for gene editing (CRISPR/Cas9), will help advance MDS basic, translational, and
clinical research. For example, many of the genetic mutations in MDS result in states of
haploinsufficiency for the genes affected. Therefore, to better recapitulate the human disease
in mouse models, one wildtype allele and one mutant allele should be maintained in mouse
bone marrow cells. These models provide important preclinical tools for basic research and
drug testing. In addition, first-in-human studies using CRISPR/Cas9 are now underway in
other human diseases to correct specific gene defects. Research progress in MDS has
occurred at an exciting pace. As | have illustrated here, there is still an art to taking care of
MDS patients since no two cases are exactly the same and there are mimickers of MDS.
Hopefully there will be substantial improvements in quality of life and survival of patients
with MDS in the next ten years with recent advances in research.
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Key points

. MDS is characterized by low blood cell counts, abnormal blood cell
development, clonal genetic markers, and increased propensity towards AML

. The recent genetic characterization of MDS has advanced various aspects of
clinical management

. Novel therapies are emerging to address common drivers of MDS
development and disease progression

. Patients with MDS should always be considered for clinical trial participation
whenever possible to support scientific discoveries toward improving
outcomes
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Figure 1. Categories of commonly mutated genes in myelodysplastic syndrome
Approximately 90% of patients with MDS will have at least one mutation in one of the

genes involved in DNA methylation, RNA splicing, chromatin modification, or in the other
category. The other category include genes involved in DNA damage and stress response
pathway, transcriptional regulation, RAS/RAF/MEK/ERK pathway, and sister chromatid
separation (cohesion complex). Each of the genes underlined are typically reported as being
present in 10% or more cases of MDS.
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clonal evolution with increasing blasts and/or new genetic markers

Figure 2. How | evaluate and treat myelodysplastic syndrome
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MDS diagnosis not confirmed
* Consider alternative diagnoses and/or
* Reevaluate blood and marrow later

Treatment with DNMT inhibitor (DNMTi):

1. Dose/schedule:

* Consider azacitidine 75mg/m2 daily for 5
days, every 28-day cycle (LOW RISK, elderly
patients, or frail or vulnerable patients)

* Consider azacitidine 75mg/m2 daily for 7
days, every 28-day cycle (HIGH RISK)

2. Assess response:

* Evaluate platelet doubling as a simple
marker of response after first cycle

« Evaluate typical length and depth of nadir

« Evaluate marrow after 3-4 cycles or after
any cycle thereafter that result in more
pronounced nadir than usual

* If hypocellular marrow, allow additional
time for recovery (lengthen cycle) and/or
adjust total dose given per cycle

« If hypercellular marrow with dysplasia,
consider continuing with azacitidine with
dose-intensification if not already at
75mg/m2 daily for 7 days, every 28-day
cycle for at least 3 more cycles; or consider
possibility of DNMTi failure

3. Consider stopping if no response after 6

cycles; continue indefinitely, if possible, in

patients with any hematologic response

4. Consider anti-microbial prophylaxis (Table

3) if nadir is expected to be 27 days

In this schematic, | summarize my general approach to patients with MDS. | provide
additional details on how | choose the dose/schedule of azacitidine and monitor for response
on a practical level. Many patients at the beginning of therapy (e.qg., first and second cycles)
will need close monitoring of their blood counts (e.g., two or three times a week) but this is
usually adjusted during later cycles based on a patient’s typical length and depth of nadir.

Table 1: Prediagnostic stages toward myelodysplastic syndrome.
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