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Abstract

It is now well accepted that a subgroup of patients with myelodysplastic syndromes (MDS) can
recover from pancytopenia following immunosuppressive treatment (IST). For many years
immunosuppression with antilymphocyte antibodies has been a standard treatment approach for
patients with severe aplastic anemia. The initial concept of using immunosuppression to treat
pancytopenic patients with MDS was based on the premise that MDS might share with severe
aplastic anemia (SAA) an autoimmune basis for the bone marrow failure common to both
conditions. The idea was supported by reports of favorable outcomes in occasional cases of MDS
treated with antithymocyte globulin (ATG). Today, various forms of IST have been successfully
used to restore hematopoiesis in MDS in many centers worldwide. In this review we outline the
rationale for use of IST in MDS, and describe studies which help to define the patients with MDS
likely to respond to IST. We summarize 18 published clinical trials using IST for MDS and
discuss how these studies have helped to define the MDS subgroups likely to respond to treatment,
the nature and durability of the response, the impact of IST on long-term outcome and the best
treatment approach.

Autoimmune features of MDS

Bone marrow failure is a common feature of both SAA and MDS. More than 40 years ago
the observation that some patients given immunosuppressive conditioning with ATG
followed by bone marrow transplantation sometimes achieved full recovery of their
autologous marrow prompted Gluckman et al to use ATG immunosuppression to
successfully restore marrow function in patients with SAAL. While the autoimmune basis of
pancytopenia in the majority of individuals with acquired aplastic anemia is now well
accepted, the evidence that there is an autoimmune component to the pancytopenia in some
patients with MDS has gained only slow acceptance. This is in part due to the real diagnostic
challenge of identifying hypoplastic MDS as distinct from SAA in cases of severe marrow
hypoplasia, leading to the perception that hematological responses to IST occur only in
cases of MDS/SAA overlap syndromes?. Nevertheless, while there are clearly cases of
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pancytopenia which are difficult to characterize definitely as either SAA or MDS there is
ample clinical data demonstrating that responses to IST are in no way confined to
hypoplastic MDS. Evidence for an autoimmune process underlying the pancytopenia of
MDS comes from clinical and immunological studies and has been extensively reviewed3: 4.

Association with autoimmune diseases

As well as its overlap with SAA, MDS is found more commonly in patients with rheumatoid
disorders including connective tissue disorders such as rheumatoid arthritis and
polymyalgia, thyroid disease, chronic vasculitis, glomerulonephritis, polyneuropathy, and
the associated large granular lymphocytosis (LGL)® & 7. In addition, patients with MDS
frequently exhibit antibody-mediated autoimmune syndromes including ITP and
autoimmune neutropenia®.

Immune abnormalities in MDS

A compelling indication that MDS is associated with autoimmune process is the finding in
numerous reports of inflammatory cytokine profiles with increase in tumor necrosis factor-a
and interferon-y in the bone marrow?: 10 and skewing of the T cell repertoire affecting both
CD8 and CD4 T cells! 12,13 As in other autoimmune states, regulatory T cells are
decreased and diminish further as the disease progresses'®. There are also significant
abnormalities of natural killer (NK) cell numbers and function!®. However, most data
support a central role for T lymphocytes suppressing hematopoietic progenitors and causing
marrow failure and cytopenias. Molldrem described the inhibition of granulocyte and
erythrocyte progenitors by autologous T cells and the normalization of the T cell repertoire
after ATG treatment1® 17, These studies identified CD8 T cells as the main inhibitors of
erythroid and granulocytic colony growth. Subsequent studies by Sloand et al found that the
myelosuppressive component of the CD8 T cell repertoire was often restricted to expanded
V beta 3.1 T cell receptor families suggesting the clonal expansion of myelosuppressive T
cells. Further investigation in patients with trisomy 8 MDS showed that colony inhibition
was almost entirely restricted to colonies which were positive by fluorescent in situ
hybridization for trisomy of chromosome 818. This provided evidence for an autoimmune T
cell attack specific for the dysplastic clone. In trisomy 8 and some other forms of MDS the
Wilms tumor antigen WT1 was found to be over expressed, and in elegant studies Sloand
showed that the clonally expanded T cells of MDS were specific for WT1 and that they
recognized WT1 antigens expressed on MDS cells.1® We can conclude that WT1 and
probably other overexpressed leukemia associated antigens are the initiators of an
autoimmune attack on the marrow in MDS, with the possibility that residual normal marrow
cells are also damaged as bystanders contributing to marrow failure and pancytopenia.
Lastly, the alteration towards normal of the T cell repertoire in patients with MDS
responding to IST strongly suggests a causal relationship between abnormal immune
function and pancytopenia in MDS.
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Immunosuppresive treatment for MDS

Approaches to IST

Since the first successful application of horse ATG to treat MDS, other immunosuppressive
agents have been used either alone (eg: rabbit ATG, and the antilymphocyte monoclonal
antibody alemtuzumab) or in combination with ATG (eg: cyclosporine??, and the TNF
inhibitor etanacerpt?1) (see “clinical trials” below). Steroids and immunosuppressive
chemotherapy have not been used because of the risk of causing bacterial infection.
Currently there is no clear indication which agents or schedule offer the best chance of
achieving a hematological response and how likely it is that the response will be durable.

Hematological recovery and outcome after IST

The characteristic pattern of hematological response to IST is a slow but progressive
improvement in blood counts and a diminution or cessation of the need for red cell and
platelet transfusion support beginning around 6 weeks after treatment and reaching a
maximum between 3-6 months (Figure 1).22 Blood counts may return to normal or to levels
associated with an improved quality of life with loss of transfusion dependence and no
bacterial or fungal infection. Marrow cellularity improves and abnormal marrow karyotypes
may diminish in frequency or disappear. However normalization of the marrow is not an
absolute requirement for hematological response - some patients with trisomy-8 disease can
recover normal marrow function without losing the MDS karyotype.23 Many patients have a
sustained normalization of blood counts but about a third relapse. Some of these patients can
be rescued by further IST. Only one study reports long-term follow-up of ATG treated
patients. Responders survived significantly longer than comparable non-IST treated controls
matched for MDS subtype, age and disease stage, whereas non responders progressed at the
same pace as controls. Notably leukemic transformation was uncommon among
responders.24

Factors affecting response of cytopenia to IST—MDS is best considered as a group
of distinct disorders, each with a tendency to progressive deterioration in marrow function,
but retaining unique pathophysiologies. The relevance of IST in the treatment of cytopenia
in MDS depends on whether there is an autoimmune component to the marrow failure in a
particular MDS subtype. Determining which subtype of MDS is susceptible to IST is
hampered by lack of a reliable immune marker of hematological response. Furthermore, as
MDS progresses, bone marrow function deteriorates as the potential for normal
hematopoiesis diminishes with de-differentiation of the marrow and the extinction of
residual normal stem cells. Thus even MDS subtypes where an autoimmune process
contributes to cytopenia may fail to respond to effective immunosuppression because
hematopoietic stem cells are defective or lost. In the absence of a clear understanding of
immune pathophysiology, investigators have sought to define predictive factors for response
to IST. Table 1 lists the variables that have been explored as predictive factors for
hematological response to IST. Very early it emerged that hematological responses were
more likely in early stages of the disease (refractory anemia or RA with an excess of blasts)
and that secondary MDS and advanced MDS did not respond.22 Among MDS subtypes,
secondary MDS and RARS are non-responsive while trisomy-8 disease appears favorable.2
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Bone marrow cellularity, degree of cytopenia, and paroxysmal nocturnal hemoglobinuria
(PNH) abnormality were not found to be prognostic in analysis of large patient numbers. In
a series of analyses at NIH several other factors emerged as favorable for response in MDS
RA: younger age, female sex, and HLA DR15+.25 26 Many of these younger patients had
the trisomy-8 karyotype but this did not emerge as an independent predictive factor. These
factors were combined in a positive or negative score which identified responders with an
88% probability and non responders with a 7% probability of response.?4 In this multivariate
analysis of MDS patients treated with IST at NIH, three factors emerged as the only
independent predictive factors for response: age <60 years, HLA DR15+ and treatment with
ATG and cyclosporine in combination.

Trials of Immunosuppression in MDS

Since the first reports over 15 years ago of responses of MDS to immunosuppression,
investigators worldwide have explored a variety of forms of IST. Currently 18 prospective
clinical trials exploring IST in patients with myelodysplastic syndromes have been
published. Although smaller studies helped pave the way for larger trials, these larger trials
will be discussed below. The most common therapies used were cyclosporine alone,
antithymocyte globulin with or without cyclosporine and alemtuzumab. These studies are
summarized in Table 2. Below is a detailed description of the outcomes of some of the
larger studies.

Cyclosporine alone

The first prospective studies using cyclosporine in patients with MDS was reported by
Jonasova et al. Fourteen of 17 (82%) cytopenic patients with MDS RA subtype with variable
marrow cellularity were treated with cyclosporin A. Substantial hematological responses
with complete transfusion independence sustained for up to 30 months were observed.20
Chen et al. reported a 62.5% response rate in 32 patients with RA, RARS and RAEB treated
with cyclosporine, with the vast majority being hematological improvements.2’ Patients
were enrolled from 4 different centers with a median age of 6 to 71 years old. Patients could
have any type of MDS but had to be off any treatment for their MDS prior to enrollment.
Cyclosporine was administered twice daily at a dose of 3 to 6 mg/kg and was adjusted by the
cyclosporine blood concentration and patient's responses with mean concentrations of 110 to
241 ng/mL. Patients must have been treated for at least 2 months to be included in the
analysis and for at least 3 months to be regarded as having completed therapy. The median
time to elicit responses was 5 weeks. Eighteen patients showed a hematologic improvement
with 5 patients demonstrating trilineage improvements. Most patients tolerated cyclosporing,
although one patient discontinued treatment due to renal dysfunction. This study
demonstrated that responders had a longer average survival than nonresponders. Ishikawa et
al. demonstrated that 10 of 19 evaluable patients had a hematological improvement after
cyclosporine treatment.28 Most smaller studies have also demonstrated some hematological
improvement with cyclosporine as monotherapy. Catalano et al. reported a study of nine
patients in which four benefited from cyclosporine.?® Okamoto et. al observed a positive
response in lower risk MDS patients and especially those who were HLA-DR15 positive.30
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While these results were promising, Atoyebi et al. in the UK found no responses in 6
patients treated with cyclosporine alone.3!

Antithymocyte globulin

There have been 7 prospective trials using rabbit or horse antithymocyte globulin (ATG)
with or without cyclosporine. The first large prospective study was reported by Molldrem et
al. at NIH.22 They demonstrated a 44% response rate with horse ATG alone at a median of
14 months in unselected MDS patients. Patients were treated with horse ATG at a dose of 40
mg/kg/d for four doses. 44% of patients became transfusion-independent, three had
complete trilineage hematological responses, six had partial responses, and two achieved
minimal responses. Responses were observed mostly in refractory anemia patients although
two patients with refractory anemia with excess blasts also responded. Median duration of
response was 10 months. The overall survival was 84% at 38 months and the main side-
effect was mild serum sickness in all patients. Alteration of the natural progression of
disease was not noted. Another study by Killick et al. observed a 50% response rate in 20
evaluable patients. These patients, however, were lower risk defined by less than 10% blast
count.32 However, Steensma et al. treated 8 patients but stopped their study due to lack of
efficacy. Notably, 6 of their 8 patients were higher risk with RAEB-1 MDS.33 Stadler et al.
from Germany compared horse ATG to rabbit ATG in a phase Il multicenter trial in low-risk
MDS patients. Thirty-five MDS patients were randomized to either horse ATG at a dose of
15 mg/kg/day or rabbit ATG at 3.75 mg/kg/day each for 5 days. Patients with RARS were
excluded. Median age was 63 years with a mean follow up of 15 months. The mean time to
response was 3 months with a median duration of response of 9 months. They found similar
responses (34%) in patients treated with horse ATG and rabbit ATG and concluded that
either form of ATG was efficacious3*. Predictors for response were associated with FAB or
WHO criteria and interval from diagnosis to study therapy. Age, bone marrow cellularity
and HLA-DR15 status were not statistically significant, although HLA typing was only done
in a minority of patients and their median age was higher than in other studies.

Antithymocyte globulin with cyclosporine

The largest trial to date studying the combination of ATG and cyclosporine is the recent
phase 111 SAKK 33/99 trial carried out by 17 centers comparing horse ATG with
cyclosporine to best supportive care. All subtypes of MDS were treated. The median age
was 62 years. Forty-five patients received horse ATG at a dose of 15mg/kg for 5 days and
oral cyclosporine for 180 days compared to 43 patients who received best supportive care.
There was a 29% hematologic response to IST compared to a 9% response with best
supportive care3®. By 6 months, 13 of 45 patients on the treatment arm had a hematologic
response compared to 4 of 43 patients receiving supportive care. Hypocellular MDS patients
were noted to respond better but HLA-DR status was not assessed, as information that HLA-
DR15 was a prognostic factor was not available when the trial was started. Patients were
allowed to cross over to the treatment arm if disease progression was noted before 6 months
or no response was seen after 6 months. Patients were censored at the time of cross over.
The authors noted, however, no impact on transformation free survival or overall survival.
Broliden et al. conducted a multicenter phase 11 study in which they treated 20 patients with
low-risk MDS with rabbit ATG and cyclosporine and had an overall response rate of 30%3.
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The median age of the responders was 56 years compared to 64 years of age for the
nonresponders. The initial ATG dose was 10 mg/kg/day for 4 days, but with response rates
lower than expected in the first ten patients, the dose was increased to 20 mg/kg/day for 3
days. Oral cyclosporine was initiated on day 4 and continued for 32 weeks with a target
level of 200 ng/mL. Five patients with RA and one with RAEB responded to this
combination. The median time to response was 2 months.

Alemtuzumab

Alemtuzumab has only been recently explored as an immunosuppressive agent for MDS. In
a prospective, non-randomized phase Il study done by Sloand et al. at the NIH, responses
occurred in 77% of intermediate-1 patients and 57% of intermediate-2 patients. Patients
were selected based on their likelihood of responding to IST. Patients likely to respond to
IST were defined as HLA-DR15-negative individuals whose age plus the number of months
of red blood cell transfusion dependence (RCTD) was less than 58 (e.g., 45 years old and 12
months of TD); and those who were HLA-DR15-positive and whose age plus RCTD was
less than 72.37 Patients were treated with a test dose of 1 mg of intravenous alemtuzumab on
the first day, followed by 10 mg per day for ten consecutive days. The median age was 57
years and most patients were intermediate-1 risk, with seven patients intermediate-2 risk and
two patients low-risk. No significant toxicities were noted and there was no clinically
significant reactivation of EBV or CMV disease. Hypocellularity was not a predictor of
response, although most responders were HLA-DR15 positive. Cytogenetic abnormalities
disappeared by 12 months in a subset of patients.

Other treatments

An accumulating body of data suggests that sirolimus may interfere with the dysfunctional
pathways of angiogenesis, apoptosis, proliferation and differentiation in MDS38:39,
Platzbecker et al. studied sirolimus as a sole agent for treatment of patients with MDS.
Nineteen patients with a median age of 72 years were enrolled on the trial and received
sirolimus orally, starting with a 6 mg loading dose followed by 2 mg once daily. The dose
was further adjusted to maintain a blood concentration of 3-12 ng/mL. Three of 19 patients
achieved a major or minor hematological response according to the International Working
Group criteria at a median follow-up of 13 months®. Six of the 19 patients did not receive
the drug for more than 3 months due to side effects such as grade IV thrombocytopenia in
one patient. Interestingly, all responders were higher risk MDS (1 RAEB-2, 1 RAEB-1, and
1 RCMD). Scott et al. examined the combination of horse ATG with etanercept in a phase |1
trial. Twenty-five patients with all types of MDS with IPSS risk scores of low and
intermediate-1 were treated with horse ATG at 40 mg/kg/day for 4 days, followed by
etanercept, 25 mg subcutaneous twice a week for 2 weeks, every month for 4 months. The
median age was 65 years and responses were assessed using the modified guidelines
proposed by the IWG*L, The overall response by intent to treat analysis among 25 patients
treated was 56%.21 The authors suggest that etanercept may have additional effects outside
of T-cell suppression leading to enhanced responses. Previous experiments have
documented higher levels of TNF-a levels in bone marrow samples of MDS patients and
TNF-a induced apoptosis may lead to ineffective hematopoiesis, particularly in the early
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stages of MDS. The authors conclude that ATG/etanercept combinations may be superior to
ATG/cyclosporine 42: 43. 44,

Overview of IST for MDS

From these studies several broad conclusions can be made about the potential of IST in the
treatment of MDS.

1. IST is most effective in the early phase of MDS described variously as MDS RA,
MDS IPSS-low-risk.

2. Comparisons between trials is limited by variable inclusion criteria. Studies that
selected for a certain patient population, notably lower-risk MDS and HLA-DR15
positivity, demonstrated more favorable responses. Young age has also been
demonstrated to be a marker of response, while the importance of marrow
cellularity in predicting response is equivocal.

3. Because of these variables, it is not entirely clear which treatment approach
emerges as the most favorable. However, with the proviso that future studies are
still needed to fully validate optimum treatment approaches, it reasonable to
conclude that sirolimus is least efficacious, and alemtuzumab may be superior to
other single agents (Table 3). However, the alemtuzumab study did select for
patients felt to have a high chance of responding to immunosuppression. Whether
combinations of a particular ATG with cyclosporine or etanercept is comparable
with alemtuzumab would require a prospective comparative study.

Unresolved issues

Does IST induce leukemic progression?

The administration of IST in MDS where the immune response is directed against
preleukemic MDS clones could theoretically risk leukemic progression by removal of an
effective immune control of the malignant process. Curiously, in the analysis of long term
outcome of IST treated patients, responders not only sustained hematopoiesis over many
years but also had a lower risk of leukemic progression than a matched group of patients
with similar MDS IPSS risk scores who did not receive IST. Patients who were
nonresponders did not show accelerated disease progression but progressed at the same pace
as controls not given IST. Thus IST appears to be safe in the longterm.24

Future directions

Treatment of MDS with antilymphocyte antibodies is clearly an effective therapy for
selected patients with MDS. There is clearly a need for multicenter prospective studies in
large numbers of MDS patients to evaluate and compare promising IST strategies.
Unresolved questions are whether IST can be further optimized. Given the variablilty of
ATG and its relative ease of administration, alemtuzumab would appear to be the best
choice of antibody for further evaluation. Combining an antibody with anti TNF treatment
with etanercept also deserves consideration. It is not clear whether MDS patients with more
advanced disease might also respond more frequently if the IST were optimized. For this
reason it will be important to continue to explore IST in a spectrum of MDS disorders to
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include RA/IPSS int -1, RARS, RAEB/IPSS int -2. Interpretation and comparison of results
between treatment centers would be much improved by standardization of treatment
response definitions and clear definition of the MDS subtype.
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Figure 1. Patterns of hematological response to IST in MDS
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Table 1
MDS characteristics and response to I1ST3: 26

Variable Impact
Favorable No effect Unfavorable
Disease status RA, RAEB, IPSS low/int-1 RARS, Secondary MDS Advanced MDS
HLA type DR15
Age <60 years
Sex female

Duration of transfusion dependence  short

Karyotype trisomy 8 other karyotype
IST regimen ATG+CSA
Other PNH Hypoplastic marrow
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Table 2
Summary of individual IST trials

Authors Type of MDS Type of IST Response Comments

Asano et al 4 RA Cyclosporine 4/8 (50%) PNH did not correlate to
response

Atoyebi et al 3! RA, RARS Cyclosporine 0/6 (0%) Drug withdrawn in 3
patients due to adverse side-
effects

Catalano et al.?® RA Cyclosporine 5/9 (56%) All patients had

hypocellular marrows

Chen et al.2” RA, RARS, RAEB Cyclosporine 20/32(62.5%) Survival time longer in
responders
Dixit et al.46 RA, RAEB, RARS Cyclosporine 13/19 (68%) RA patients had higher
response
Ishikawa et al.28 RA, RAEB, RARS Cyclosporine 10/19 (53%) HI seen within 24 weeks
Okamoto et al.30 RA, RAEB Cyclosporine 6/10 (60%) HLA-DR15 favorable
predictive factor
Selleri et al.47 Hypocellular MDS Cyclosporine 8/11(73%) All patients were
hypocellular
Killick et al.32 RA, RAEB, RARS Horse ATG 10/20 (50%) 8/13 RA patients responded
Molldrem et al.2? RA, RAEB, RARS Horse ATG 11/25 (44%) 9/14 RA patients responded
Steensma et al.33 RA, RAEB-1 Horse ATG 0/8 (0%) Study stopped early due to
lack of efficacy, 6 RAEB-1
patients
Passweg et al.3 RA, RARS, RAEB-1, RAEB-2, hypocellular Horse ATG + 13/45(29%) Trial compared to best
cyclosporine supportive care
Yazji et al.48 RA, RARS, RAEB-t, CMML Horse ATG + 5/31 (16%) 3/18 RA/RARS patients
cyclosporine achieved durable CR
Scott et al. 2 RA, RARS, RCMD, RCMD-RS, RAEB-1 Horse ATG + 14/25(56%) All responders responded
etanercept by 8 weeks
Stadler et al.3 RA, RAEB, CMML Horse ATG vs. 12/35 (34%) Horse or Rabbit ATG
Rabbit ATG efficacious in RA patients
with short duration of
disease
Broliden et al.36 RA, RAEB Rabbit ATG + 6/20 (30%) Poorly tolerated in patients

cyclosporine

older than 70

Sloand et al 3"

Lowe-risk, Intermediate-1, Intermediate-2

Alemtuzumab

17122 (77%)
Int-1 4/7 (57%)
Int-2

Patients selected based on
likely to respond criteria

Platzbecker et al 40

RA, RARS, RCMD, RCMD-RS, RAEB-1,
RAEB-2

Sirolimus

3/19 (16%)

2 responders were RAEB-1
and RAEB-2
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Table 3

Cumulative overall response rates from 18 separate trials of IST for MDS.

Regimen
Sirolimus
Cyclosporine
Horse ATG
Rabbit ATG

response rate %
16
56
35
27

Horse ATG + cyclosporine 25

Rabbit ATG + cyclosporine 30

Alemtuzumab

68
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