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Immunosuppressive therapy (IST) is one therapy option for treatment of
patients with lower-risk myelodysplastic syndromes (MDS). However,
the use of several different immunosuppressive regimens, the lack of

high-quality studies, and the absence of validated predictive biomarkers
pose important challenges. We conducted a systematic review and meta-
analysis according to the Meta-Analysis of Observational Studies in
Epidemiology (MOOSE) guidelines and searched MEDLINE via PubMed,
Ovid EMBASE, COCHRANE registry of clinical trials (CENTRAL), and the
Web of Science without language restriction from inception through
September 2018, as well as relevant conference proceedings and abstracts,
for prospective cohort studies or clinical trials investigating IST in MDS.
Fixed and Random-effects models were used to pool response rates. We
identified nine prospective cohort studies and 13 clinical trials with a total
of 570 patients. Overall response rate was 42.5% [95% confidence interval
(CI): 36.1-49.2%] including a complete remission rate of 12.5% (95%CI:
9.3-16.6%) and red blood cell transfusion independence rate of 33.4% (95%
CI: 25.1–42.9%). The most commonly used forms of IST were anti-thymo-
cyte globulin alone or in combination with cyclosporin A with a trend
towards higher response rates with combination therapy.  Progression rate
to acute myeloid leukemia was 8.6% per patient year (95%CI:  3.3-13.9%).
Overall survival and adverse events were only inconsistently reported. We
were unable to validate any biomarkers predictive of a therapeutic response
to IST. IST for treatment of lower-risk MDS patients can be successful to
alleviate transfusion burden and associated sequelae. 
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ABSTRACT

Introduction

Myelodysplastic syndromes (MDS) comprise a spectrum of clonal hematopoietic
stem cell disorders that are characterized by peripheral blood cytopenias and dys-
plastic changes due to ineffective hematopoiesis, recurrent cytogenetic abnormali-
ties, and an increased risk of progression to acute myeloid leukemia (AML).1,2 As a
heterogenous group of diseases, treatment regimens for MDS patients need to be
individualized and mainly based on the extent of MDS-associated symptoms and
the risk of progression to AML, as assessed by various risk stratification tools such
as the International Prognostic Scoring System (IPSS) and its revised version (IPSS-
R).3-5 For patients with lower-risk MDS (which is usually defined as patients with
very low, low or intermediate-1 risk based on IPSS and IPSS-R) several treatment
options including lenalidomide, erythropoiesis-stimulating agents, immunosup-
pressive therapy (IST), and hypomethylating agents are available.3,5-7 The rationale
for the use of IST in MDS is based on studies showing that up to 48% of patients
with MDS had evidence of autoimmune disease, but the impact of this finding on
prognosis is controversial.8,9 Additionally, dysregulation of T-cell function has been
linked to impaired hematopoiesis in patients with both aplastic anemia and lower-



risk MDS and can potentially be restored by IST.9-11 Several
forms of IST have been tested in MDS treatment with
varying degrees of success. Previous studies have reported
durable objective responses and transfusion independence
ranging up to 55% and 27%, respectively.12,13 Consensus
guidelines recommend consideration of IST in patients
with low or intermediate-1 risk, non-del(5q-) MDS
patients.3,6,14 The most commonly used of these are anti-
thymocyte globulin (ATG), cyclosporine A (CsA), and
monoclonal antibodies (etanercept, alemtuzumab) which
can be used either as monotherapy or in combination.13,15-
20 Although IST has been used for over two decades in
MDS treatment, response rates are highly heterogeneous

between various patient subpopulations and studies.
While several predictive response markers such as age,
HLA-DR15 positivity, bone marrow cellularity, and dis-
ease duration have been identified in some studies, these
findings could not be reproduced in others.12,16,21-23
Given this large heterogeneity among published studies,

we performed a systematic literature review and meta-
analysis on several forms of IST in MDS to objectively
assess overall response rates (ORR), rates of achieving a
complete remission (CR), erythroid hematologic improve-
ment (HI-E), and red blood cell transfusion independence
(TI) as well as the rate of AML progression per patient-
year for patients receiving IST. 
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Figure 1. Flow chart showing study selection as per the MOOSE guidelines. The search strategy and stepwise process of study selection used in this meta-analysis.
MEDLINE via PubMed, Ovid EMBASE, the COHRANE registry of clinical trials (CENTRAL), and the Web of Science electronic databases were searched with no lan-
guage restriction from inception through September 2018, using the following combination of free-text terms linked by Boolean operators: (“MDS” OR “myelodyspla-
sia” OR “myelodysplastic syndrome”) AND (“IST” OR “immunosuppressive therapy” OR “immunosuppression” OR “ATG” OR “anti-thymocyte globulin” OR “tacrolimus”
OR “cyclosporine” OR “sirolimus” OR “prednisone” OR “prednisolone” OR “steroids” OR “etanercept” OR “alemtuzumbab”). Two authors (MS and JPB) independently
screened the titles and abstracts of all retrieved studies for eligibility and removed any duplicate records. In a second step, full texts of the potentially eligible studies
were reviewed for the final eligibility. Review, basic science articles and articles with insufficient patient number (< 5 patients) as well as preliminary studies and ret-
rospective studies were excluded. 
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Table 1. ATG. 
Author                         Year     Treatment and                          N       IPSS                              FAB/WHO         Outcomes             Adverse                  Ref.
                                               treatment schedule                           risk category                classification                                 events                       

Molldrem JJ et al.          2002      ATG 40mg/kg/d for 4 doses          61        Low: 18%                            RA: 61%                No CRs or PR          Every patient            (28)
                                                                                                                                 Intermediate-1: 67%       RARS: 16%           HI-E: 34%                 with serum                   
                                                                                                                                 Intermediate 2: 5%          RAEB: 23%           TI: 34%                      sickness; no                 
                                                                                                                                 High: 10%                                                                                             CTCAE
                                                                                                                                                                                                                                                grading provided         
Steensma DP et al.        2003      r-ATG 40mg/kg/d for 4 doses        8         Intermediate-1: 63%       RA: 25%                No responses         20 AE, no CTCAE     (33)
                                                                                                                                 Intermediate-2: 37%       RAEB-I: 75%                                           grading provided         
Killick S. et al.                  2003      Lymphoglobuline 15mg/kg/d       30        Not reported                     RA: 43%                CR: 5%                       46 AE, no grading     (34)
                                                         for 5 doses                                                                                                RARS: 10%           PR: 45%                     provided                        
                                                                                                                                                                              RCMD: 33%         HI-E: 45%
                                                                                                                                                                              RAEB-I: 14%  
Stadler et al.                    2004      r-ATG 3.75 mg/kg/d h-ATG:           35        Low: 14%                            RA: 37%                CR: 11%                    AE ≥ grade 3: 66%   (35)
                                                         15 mg/kg/d                                                    Intermediate-1: 57%       RCMD: 37%         PR: 17%
                                                         for 5 doses                                                  Intermediate-2: 26%       CMML: 3%           HI-E: 26%
                                                                                                                                 High: 3%                             RAEB-I: 17%        TI: 20%
                                                                                                                                                                              RAEB-II: 11%                                          
Komrokji R. et al.            2014      r-ATG 10mg/kg/d for 4 doses       27        Low: 30%                            RA: 7%                  No CR or PR            70 AE                          (16)
                                                                                                                                 Intermediate-1: 56%       RCMD: 30%         HI-E: 39%                 9 AE ≥ grade 3 
                                                                                                                                 Intermediate 2: 14%        MDS-U: 19%                                           (4 infectious)
                                                                                                                                                                              MDS/MPN: 4%                                        
                                                                                                                                                                              RAEB: 19%                                              
Yazji S. et al.                     2003      ATG 40mg/d for 4 doses                          Not reported                     RA/RARS: 58%     CR: 13%                    65 AE in                     (30)
                                                         + CsA titrated to 200-400mg/dl                                                           CMML: 3%           PR: 3%                       31 patients; 
                                                         for 6 months + methylprednisolone                                                 RAEB-I/II: 39%    TI: 19%                      7 AEs ≥ grade 3            
                                                         1mg/kg for 4 days followed                                                                                                                                     (0 infectious)               
                                                         by oral taper over 1 month          31        
Saunthararajah Y et al.  2003      ATG 40mg/kg/d for 4 doses +     23        Not reported                     RA: 74%                HI-E: 30%                 Not reported           (21)
                                                         CsA 5-12mg/kg/d for 6 months                                                             RARS: 9%             TI: 30%                      
                                                                                                                                                                              RAEB-I/II: 17%                                                                                
Broliden PA et al            2006      ATG 10-20mg/kg/d for 3 doses;   25        Low: 72%                            RA: 80%                CR: 15%                    6 patients off trial   (36)
                                                         CsA 200ng/ml for 32 weeks                      Intermediate-1: 28%       RAEB-I: 20%        PR: 15%                     due to AE                     
Garg R. et al.                    2009      rATG 3.5 mg/kg/d for 5 doses      15        Not reported                     Not reported      CR: 7%                       79 AE in 15                 (37)
                                                         + Methylprednisolone 1 mg/kg/day IV                                               PR: 20%                                                   patients of which         
                                                         for 5 doses with PO prednisone taper                                                                                                                35 AE ≥grade 3 
                                                         over 3 weeks + CsA 5 mg/kg/d ≥6 months                                                                                                         (6 infectious)
                                                         for trough of 200 and 400 mg/dl + G-CSF 5 
                                                         μg/kg/d s.c. daily for 3 months                                                             
Xiao, L et al.                     2012      CsA 3-5mg/kg/d for 6 months     71        Low: 100%                          RA: 4%                  CR: 16%                    Not reported            (13)
                                                         +/- ATG 4mg/kg/d for 4 doses                                                               RCMD: 92%         HI-E: 77%                 
                                                                                                                                                                              MDS-U: 4%          TI: 64%                                                               
Passweg JR et al.            2011      h-ATG 15mg/kg/d for 5 doses      45        Low: 18%                            RA: 47%                CR: 7%                       16 patients with       (18)
                                                         + CsA for 6 months                                   Intermediate-I: 53%        RARS: 13%           PR: 24%                     SAE (4 infectious)
                                                                                                                                 Intermediate-II: 16%       RAEB-I: 20%
                                                                                                                                 High: 2%                             Hypoplastic MDS: 20%                                                                  
                                                       
Kadia TM et al.                2012      ATG (3.5 mg/kg/day × 5 days       24        Not reported                     Not reported      CR: 8%                       Not reported            (17)
                                                         + CsA 5 mg/kg/d × 6 months                                                                                              HI-E: 17%                 for MDS cohort
                                                         + methylprednisolone 1 mg/kg/d                                                                                       TI: 8%                        independently              
                                                         with 1month taper of prednisone
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Methods

Date sources and search strategy 
This systematic review and meta-analysis was conducted

according to the Preferred Reporting Items for Systematic Reviews
and Meta-Analysis (PRISMA) and Meta-Analysis of Observational
Studies in Epidemiology (MOOSE) guidelines.24 MEDLINE via
PubMed, Ovid EMBASE, the COHRANE registry of clinical trials
(CENTRAL), and the Web of Science electronic databases were
searched without language restriction from inception through
September 2018, using the following combination of free-text
terms linked by Boolean operators: (“MDS” OR “myelodysplasia”
OR “myelodysplastic syndrome”) AND (“IST” OR “immunosup-
pressive therapy” OR “immunosuppression” OR “ATG” OR “anti-
thymocyte globulin” OR “tacrolimus” OR “cyclosporine” OR
“sirolimus” OR “prednisone” OR “prednisolone” OR “steroids”
OR “etanercept” OR “alemtuzumbab”). 

We performed a gray literature search through: 1) manual
search of bibliographies of all identified studies; and 2) conference
proceedings and abstracts of the following annual meetings:
American Society of Hematology, American Society of Clinical
Oncology, European Hematology Association, and European
Society of Medical Oncology. 

Study selection and endpoints
Two reviewers (MS and JPB) independently screened the titles

and abstracts of all retrieved studies for eligibility and removed
duplicates. Subsequently, full texts of the potentially eligible stud-
ies were reviewed for eligibility. We excluded studies that: 1) lack
information on either ORR or CR rate; 2) review articles, editori-
als, and correspondence letters that did not report independent
data; 3) case series and studies reporting outcomes on fewer than
five patients; and 4) retrospective studies. There was no disagree-
ment among the two reviewers regarding the inclusion of any
study. The study selection process is illustrated in a flow diagram
(Figure 1).

Prospective cohort studies or clinical trials investigating the use
of IST for the treatment of MDS were included. IST was defined
as receipt of one or a combination of the following drugs: rabbit
and horse ATG, CsA, sirolimus, mycophenolate mofetil and mon-
oclonal antibodies (etanercept, alemtuzumab). 

The primary outcomes were ORR and CR rate. Secondary out-
comes included rates of HI-E, TI, and AML progression. ORR was
defined based on the 2006 modified International Working Group
(IWG) response criteria for MDS.25

Data extraction
Two investigators (MS and JPB) extracted data using a standard-

ized data-extraction form, and a third investigator (SG) performed
a cross-check for data accuracy. A more detailed description of the
extracted information is provided in the Online Supplementary
Methods.  

Quality assessment
The quality of each study was assessed by two authors (MS and

JPB) using the modified Down and Black checklist.26 Quality
assessments for individual studies are provided in Online
Supplementary Table S1. 

Statistical analysis
Random-effects models were used to pool ORR, rates of CR,

HI-E, TI, and progression to AML. All effect sizes underwent log-
arithmic transformation prior to pooling using an inverse variance
weighting approach. Heterogeneity of studies was determined
using Cochran Q and I2 indices and significant heterogeneity
(defined as I2 > 60%) was further explored with sensitivity analy-
ses.27 Subgroup analyses were planned based on the type of IST
used. All analyses were performed with Comprehensive Meta-
Analysis (CMA 2.2, Biostat). 

Results

Description of included studies
The flow diagram of study selection based on the

MOOSE guidelines is shown in Figure 1. An electronic
search of PubMed, EMBASE, the Cochrane Library, and the
Web of Science plus a manual search retrieved a total of 258
publications after removal of duplicates. Of the 258 articles
reviewed, 156 articles were excluded on the basis of the
title and abstract review if the article was clearly labeled as
a review article, editorial, correspondence letter, case series
or retrospective study in the title or abstract. A total of 102
articles were reviewed in full text. Of these, 80 articles were
excluded because they were reviews, basic science articles,
presented insufficient data (<5 patients), only showed pre-
liminary results, or were retrospective in nature. Of the 22
studies  included, there were 9 prospective cohort stud-
ies13,21,28-32 and 13 clinical trials.16-20,33-40 Patients were treated
with ATG , ATG + CsA , ATG + Etanercept (Table 1), CsA
(Table 2), and other IST regimens (Table 3). 
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Deeg, HJ et al.                 2004      ATG 40 mg/kg/d for four doses  14        Low: 7%                              RA: 64%                CR: 15%                    Not reported            (31)
                                                         + etanercept 25 mg s.c. twice a week  Intermediate-1: 71%       RARS: 7%             HI-E: 39%
                                                         for 8 weeks. If no hematologic              Intermediate-2: 21%       RAEB-I: 7%          TI: 39%
                                                         by week 8, etanercept three times                                                    RAEB-II: 21%      
                                                         per week for additional 8 weeks.
Scott BL et al.                  2010      ATG  40 mg/kg/d for 4 doses +   25        Low: 44%                            RA: 16%                CR: 4%                       Not reported            (38)
                                                         etanercept 25 mg s.c. twice a week      Intermediate-1: 56%       RARS: 8%             HI-E: 62%                 
                                                         for 2 weeks, every month                                                                     RCMD: 72%         
                                                         for 4 months                                                                                             RAEB-I: 4%          
AE: adverse events; ATG: anti-thymocyte globulin; h-ATG: horse anti-thymocyte globulin, r-ATG: rabbit anti-thymocyte globulin, AZA: azacitidine, CMML: chronic myelomonocytic
leukemia; CR: complete remission; CTCAE: Common Terminology Criteria for Adverse Events; HI-E: hematologic improvement-erythroid; IPSS: International Prognostic Scoring
System;  MDS-U: unclassifiable myelodysplastic syndrome; PR: partial remission; RA: refractory anemia; RARS: refractory anemia with ringed sideroblasts; RAEB: refractory anemia
with excess blasts; RCMD: Refractory cytopenia with multilineage dysplasia; TI: transfusion independence.
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There was a total of 570 patients in the 22 included
studies. The average median age was 62.0 years (range 12-
87 years). Among the studies that reported IPSS scores,
360 (80.9%) patients had IPSS scores of low- or intermedi-
ate-1, while 71 patients (16.0%) had intermediate-2 and
high IPSS scores. The median duration of follow up of
individual studies, where reported, was 16.4 months
(range 0-60 months).

Assessment of study quality
Except for three studies,18,29,35 all studies included in this

meta-analysis used a single-arm design. Study quality was
assessed using the Downs and Black checklist.
Assessments for individual studies are provided in Online
Supplementary Table S1.

Rates of overall response and complete remission 
The ORR was reported by all 22 studies (Figure 2A).

Overall, the ORR was 42.5% (95%CI: 36.1-49.2%). There
was a significant heterogeneity among the various studies,
with a Cochran’s Q statistic of 80% (P<0.001) and an I2
statistic of 74%. 
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Figure 2. Overall and complete response rates to various forms of immunosuppressive therapy (IST). Forest plots of odds ratios (squares, proportional to study
weights used in meta-analysis, 95% confidence intervals) for various forms of IST with the summary measures (center line of diamond) and associated confidence
intervals (lateral tips of diamond) for overall response rate (ORR) and complete response (CR) rate are shown in panel (A) and (B), respectively.

Table 2. Cyclosporine A.
Author                  Year      Treatment and                            N       IPSS risk category         FAB/WHO          Outcomes            Adverse                Ref.
                                         treatment schedule                                                                 classification                                     events                    

Yamada T et al.      2003       Methylprednisolone                        18        Intermediate-1: 72%           RA: 56%                  CR: 6%             Not reported               (29)
                                                  1000mg for 3 doses                                      Intermediate 2: 6%          CMML: 11%              PR: 11%                                                        
                                                  followed by oral taper                                                                              RAEB-I: 33%              TI: 18%                         
                                                  +/- CsA 4-5mg/kg for trough 
                                                  of 100-200 ng/ml                                            
Ogata M et al.         2004       CsA 1.1-6.0 mg/kg until disease     12        Not reported                        RA: 92%           No CRs or PRs      Not reported               (52)
                                                  progression or intolerable                                                                     RAEB-I: 8%            HI-E: 58%
                                                  side effects                                                                                                                                     TI: 64%                         
Ishikawa T et al.    2007       CsA titrated to trough                     20        Low: 10%                               RA: 40%           No CRs or PRs            51 AEs                    (41)
                                                  150-200ng/ml for 32 weeks                          Intermediate-1: 90%         RARS: 5%              HI-E: 42%          in 19 patients, 
                                                                                                                                                                         RCMD: 45%              TI: 40%         AEs ≥ grade 3  in 
                                                                                                                                                                         RAEB-I: 10%                            4 patients (2 infectious)        
AE: adverse events; ATG: anti-thymocyte globulin; AZA: azacitidine;  CMML: chronic myelomonocytic leukemia; CR: complete remission; CTCAE: Common Terminology Criteria
for Adverse Events; HI-E: hematologic improvement-erythroid; IPSS: International Prognostic Scoring System; PR: partial remission; RA: refractory anemia; RARS: refractory ane-
mia with ringed sideroblasts; RAEB: refractory anemia with excess blasts; RCMD: refractory cytopenia with multilineage dysplasia; TI: transfusion independence.
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A pre-specified subgroup analysis showed that the ORR
was highest with ATG + Etanercept at 58.1% (95%CI:
37.8-75.9%; I2=27%), followed by other IST at 52.5%
(95%CI: 30.4-73.7%; I2=76%), CsA at 47.3% (95%CI: 33-
62%; I2=7%), ATG at 37.4% (95%CI: 29.1-46.6%;
I2=11%), and ATG + CsA at 35.2% (95%CI: 18.9-55.9%;
I2=86%), respectively (Figure 2A).  
Complete remission rates were reported by 16 studies

(Figure 2B). Overall, the CR rate was 12.5% (95%CI: 9.3-
16.6%). Heterogeneity among the various studies was
low, with a Cochran’s Q statistic of 17 (P=0.32) and an I2
statistic of 12%. 
A pre-specified subgroup analysis for patients, who

received ATG, ATG + CsA, ATG + Etanercept, CsA and
other IST, showed that the CR was 9.2% (95%CI: 4.0-
19.6%; I2=0%), 12.6% (95%CI: 8.6-18.1%; I2=0%), 10.2%
(95%CI: 3.3-27.8%; I2=2%), 4.9% (95%CI: 1.0-21.1%;
I2=0) and 22.1% (95%CI: 10.6-40.4%; I2=46%), respec-
tively (Figure 2B).  

Hematologic improvement and transfusion 
independence
Erythroid hematologic improvement rates were report-

ed by 16 studies (Figure 3A). Overall, the HI-E rate was
41.8% (95%CI: 33.3-50.8%). Heterogeneity among the
various studies was high, with a Cochran’s Q statistic of
53.1 (P<0.001) and an I2 statistic of 72%. 
A pre-specified subgroup analysis showed that the HI-E

rate was highest with ATG + Etanercept at 51.8%
(95%CI: 29.8-73.1%; I2=42%), followed by CsA at 50%
(95%CI: 32.7-67.3%; I2=0), ATG + CsA at 44.8% (95%CI:
14.3-79.8%; I2=92%), other IST agents at 43.1% (95%CI:
24.0-64.4%; I2=70%), and ATG at 31.7% (95%CI: 20.3-
45.8%; I2=29%), respectively (Figure 3A).
The rates of TI were reported by 14 studies (Figure 3B).

Overall, the TI was 33.4% (95%CI: 25.1-42.9%). There
was a significant heterogeneity among the various studies,
with a Cochran’s Q statistic of 35.1 (P=0.001) and an I2 sta-
tistic of 63%. 
A pre-specified subgroup analysis showed that the TI

rate was highest with CsA at 44.8% (95%CI: 28.8-61.9%;
I2=9%) followed by ATG + Etanercept at 38.5% (95%CI:
17-65.6%; I2=0%), ATG at 25.2% (95%CI: 13.3-42.5%;
I2=50%), ATG + CsA at 28.4% (95%CI: 10.0-58.6%;
I2=86%), and other IST at 25.9% (95%CI: 11.7-48.0;
I2=27%), respectively (Figure 3B).  

Acute myeloid leukemia progression rate and adverse
events 
The rates of progression to AML were reported by 11

studies (Figure 4). Overall, the AML progression rate per
person year of follow up was low (8.6%; 95%CI: 3.3-
13.9%). There was a significant heterogeneity among the
various studies, with a Cochran’s Q statistic of 45.2
(P<0.001) and an I2 statistic of 78%. Pre-specified sub-
group analysis showed an AML transformation rate per
patient year of 13.7% (95%CI: 1.4-25.9%; I2=73%),
13.5% (95%CI: 0-31.3; I2=91%), 7.0% (95%CI: 0-22.4%;
I2=71%), and 6.7% (95%CI: 0-13.5%; I2=0%) for patients
who received ATG, ATG + CsA, CsA and other IST,
respectively.  
Only 10 of the 22 studies reported grade 3/4 side

effects.16,18,19,30,32,35,37,39-41 The data included in these papers
were insufficient to conduct any further meta-analysis on
the safety of IST in LR-MDS.

Sensitivity analysis
Separate sensitivity analyses for ORR, HI, TI and AML

progression rate showed that exclusion of any one study
did not change the overall effect direction but did change
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Figure 3. Rate of hematologic improvement in the erythroid lineage (HI-E) and red blood cell transfusion independence. Forest plots of odds ratios (squares, pro-
portional to study weights used in meta-analysis, 95% confidence intervals) for various forms of immunosuppressive therapy (IST), with the summary measure (center
line of diamond) and associated confidence intervals (lateral tips of diamond) for hematologic improvement in the erythroid lineage (HI-E) and achievement of red
blood cell transfusion independence (TI) are shown in panel (A) and (B), respectively.
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the effect size in subgroup analysis, and led to a reduction
in heterogeneity.
For ORR, HI-E and TI, the study with the largest influ-

ence on the heterogeneity of these outcomes was the
study by Xiao et al. examining the use of ATG + CsA.13
Removal of this study changed the ORR by 5.1% (from
42.5% to 37.4%) in the overall analysis and by 6.5% (from
35.2% to 28.7%) in the subgroup analysis of studies
examining ATG + CsA. In addition, removal of this study
led to a loss of heterogeneity in the overall analysis 
(I2=62%, Cochran’s Q statistic = 52.1, P=0.001) and in the
subgroup analysis of studies examining ATG + CsA (I2=
0%, Cochran’s Q statistic = 3.4, P=0.64). Removal of the
study by Xiao et al. also changed the HI-E by 3.9% (from
41.8% to 37.9%) in the overall analysis and 17.1% (from
44.8% to 27.7) in the subgroup analysis of studies exam-
ining ATG + CsA. This led to a loss of heterogeneity in the
overall analysis (I2 = 55%, Cochran’s Q statistic = 31.1,
P=0.005) and in the subgroup analysis of studies examin-
ing ATG + CsA (I2 = 0%, Cochran’s Q statistic = 0.17,
P=0.68). For TI, removal of this study changed the out-
come by 2.8% (from 33.4% to 30.6%) in the overall analy-
sis and by 8.8% (from 28.4% to 19.6%) in the subgroup
analysis of studies examining ATG + CsA. This also led to
a loss of heterogeneity in the overall analysis (I2=35%,
Cochran’s Q statistic = 18.6, P=0.1) and in the subgroup
analysis of studies examining ATG + CsA (I2=40.6,
Cochran’s Q statistic = 3.4, P=0.19).
The study with the largest influence on the AML pro-

gression rate was that reported by Passweg et al.,18 the
removal of which changed the AML progression rate by
0.5% (from 8.6% to 8.1%). In addition, removal of this
study led to a loss of heterogeneity (I2 = 67%, Cochran’s
Q statistic = 27.6, P=0.001).

Discussion

To our knowledge, this is the first systematic review
and meta-analysis on IST in MDS, and included a total of
nine prospective cohort studies and 13 clinical trials. The
meta-analysis of these studies demonstrated an ORR of
42.5% (with a CR rate of 12.5%) and achievement of red
blood cell transfusion independence in one-third of the
patients. 
Previous retrospective studies reported similar ORR and

TI rates among MDS patients with IST. A recent uncon-
trolled large international retrospective study in MDS
patients treated with various different IST regimens
demonstrated results very similar to our meta-analysis,
with an ORR and TI rate of 48% (with 11.2% achieving a
CR) and 30% of patients, respectively. In other large retro-
spective studies, the ORR and TI rates ranged from 30%
to 42% and from 31% to 41%, respectively.22,23,42 In our
meta-analysis, ATG +/- CsA was the most commonly
used IST regimen, similar to the finding in a recent large
retrospective study.12 Importantly, while the National
Comprehensive Cancer Network (NCCN; Version 2.2019)
guidelines suggest the use of ATG +/- CsA as a treatment
option for certain types of MDS,14 they do not suggest
other IST regimens. However, in our meta-analysis, mul-
tiple different IST regimens other than ATG +/- CsA were
included, among them ATG + etanercept, CsA and several
“other IST” regimens including etanercept +/- azacitidine,
sirolimus, mycophenolate mofetil and alemtuzumab. It is

important to point out that these other IST regimens do
not have completely overlapping mechanisms of action,
tolerability, and expected response rates compared to ATG
and CsA. Acknowledging these differences, we included
these IST regimens in our analysis as they all provide an
element of immunosuppression regardless of their specific
mechanism of action.  
While the identification of clinical and molecular mark-

ers to predict response to IST would be of clinical impor-
tance to optimize treatment of individual patients, data
for several of these co-variates that had been proposed,
such as younger age, shorter disease duration, hypocellu-
lar bone marrow, or the presence of HLA DR15 and PNH
clones, are controversial.12,21-23,42,43 Given the heterogeneity
of the studies included in this meta-analysis, we were
unable to address the utility of predictive biomarkers as
they were only reported by a minority of studies.
However, several studies, including the largest study to
date by Stahl et al., were unable to validate any predictive
biomarkers except of bone marrow hypocellularity.42-44 
Based on available prospective data, the current

National Comprehensive Cancer Network guidelines sug-
gest IST with ATG +/- CsA as a treatment option for
symptomatic anemia in low-risk, non-del(5q) MDS espe-
cially for patients younger than 60 years of age, ≤5%
blasts in the bone marrow, or with a hypocellular bone
marrow, PNH clone positivity, or STAT-3 mutant cytotox-
ic T-cell clones.14 However, further prospective studies are
warranted to verify these predictive markers. It also
remains to be shown how the wider availability of genetic
testing, for example, by next generation sequencing, will
impact individualized treatment decisions for MDS
patients. Supporting a potential role in guiding manage-
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Figure 4. Rate of acute myeloid leukemia (AML) progression during study dura-
tion. Forest plots of odds ratios (squares, proportional to study weights used in
meta-analysis, 95% confidence intervals) for various forms of immunosuppres-
sive therapy (IST), with the summary measure (center line of diamond) and asso-
ciated confidence intervals (lateral tips of diamond) for rate of transformation to
AML during the study period.  



ment decisions, two recent phase II clinical trials on the
transforming growth factor (TGF)-β pathway inhibitors
luspatercept and sotatercept have shown that the presence
of ≥15% ringed sideroblasts or of a SF3B1 mutation was
predictive of a higher rate of treatment response.45-47
Given the small sample sizes of most studies, the differ-

ent treatment regimens used, and the various diagnostic
techniques employed, there was a high degree of hetero-
geneity among included studies. However, sensitivity
analyses accounting for the type of IST as well as a 'one-
study removed' analysis, found no significant impact of
this heterogeneity on the overall results of the meta-analy-
sis. The study by Xiao et al.13 demonstrated a significantly
higher ORR and rate of HI-E and TI compared to other
studies studying the application of ATG + CsA. This can
be explained by the fact that in the study by Xiao et al.13
patients were strictly selected to have a high chance of
responding to IST. Patients were required to have low risk
MDS (IPSS score equal or less 1.0) and either expression of
the HLA-DR15 allele or a BM cellularity of less than 30%,
or an abnormal immune index of BM T lymphocytes.
Furthermore, patients were excluded if they had >5%
marrow myeloblasts or a poor risk karyotype or a diagno-

sis of concurrent non-hematologic malignancy. By exclud-
ing the study by Xiao et al.,13 from the analysis, hetero-
geneity in the subgroup analysis of studies examining
ATG + CsA decreased significantly. This demonstrates
that by strict selection of MDS patients, who are predicted
to benefit from IST, the response to IST can be significant-
ly increased. 
While a randomized, placebo-controlled, double-blind-

ed design is the gold standard of clinical studies, the het-
erogenous patient population in terms of demographic,
clinical (e.g. prior treatments), and molecular co-factors
makes such a trial design challenging. As expected, this
systematic review and meta-analysis confirmed the lack
of published prospective, randomized controlled trials of
IST in MDS. In this meta-analysis, 20 out of 22 included
studies were single arm clinical trials or prospective cohort
studies. As the Downs and Black checklist had been orig-
inally developed for the evaluation of multi-arm studies,
several of its quality criteria such as randomization, equal
distribution of confounding variables among study
groups, and blinding were not applicable to the majority
of the studies in our meta-analysis. However, when elim-
inating items from the modified Downs and Black check-
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Table 3. Other immunosuppressive therapy regimens.

Author             Year                       Treatment                        N                 IPSS                   FAB/WHO             Outcomes             Adverse               Ref.
                                                 and treatment                                        risk                 classification                                        events
                                                     schedule                                         category                                                                                                       

Deeg HJ et al.  2002        Etanercept, 25 mg, 2x/ week s.c.         14                Low: 29%                     RA: 43%                No CR or PR       4 infectious AE           (20)
                                         for 16 weeks (increased to 3x/week               Intermediate-1: 36%        RARS: 14%                HI-E: 33%           (2 ≥ grade 3)
                                                if no response at 8 weeks).                      Intermediate-2: 29%       CMML: 14%                   TI: 0%                                                         
                                                                                                                                     High: 7%               RAEB-I/II: 29%
Platzbecker U  2005        Sirolimus PO 6 mg loading dose         19                Low: 11%                      RA: 5%                       PR: 5%         10 AE in 8 patients;        (39)
et al.                             followed by 2 mg once daily adjusted to            Intermediate-1: 68%        RARS: 11%                 HI-E: 5%        1 case of grade IV 
                                              target blood concentration of                     Intermediate-2: 21%       RCMD: 53%                                        thrombocytopenia             
                                                 3–12 ng/ml for ≥ 3 months                                                                    RAEB-I: 26%
                                                                                                                                                                       RAEB-II: 5%
Remacha AF     2010             Mycophenolate mofetil 1 g             10            Not reported               RARS: 60%            No CRs or PRs          5 AE in 10                (40)
et al.                                     twice a day PO + prednisone                                                                  RCMD: 40%               HI-E: 56%                patients 
                                                   0.5 mg/Kg/d PO tapering                                                                                                              TI: 33%    (1 infectious ≥ grade 3)       
                                                    to 10 mg/d for 12 weeks                   
Scott BL            2010                 AZA 75 mg/m2 on days                  20                 Low: 9%                       RA: 6%                     CR: 28%           37 AE ≥ grade 3           (32)
et al.                                                  1-7 every 28 days                                 Intermediate-1: 38%         RARS: 3%                    PR: 6%              in 32 patients                
                                           + Etanercept 25 mg s.c. on days                  Intermediate-2: 31%        CMML: 9%                HI-E: 44%           (3 infectious)
                                                           8, 11, 15, and 18                                            High: 22%                 RCMD: 16%                                                         
                                                                                                                                                                       RAEB-I: 31%
                                                                                                                                                                      RAEB-II: 34%                                                        
Sloand, EM       2010                      Alemtuzumab 10                       31                 Low: 7%                 Not reported               CR: 23%               84 AE in 31               (19)
et al.                                                mg/d IV for 10 days                               Intermediate-1: 71%                                               PR: 3%                   patients
                                                                                                                          Intermediate-2: 23%                                 HI (any cell line): 39%    of which 
                                                                                                                                                                                                               TI: 32%               28 ≥grade 3                   
                                                                                                                                                                                                                             (13 patients with ≥grade 3 
                                                                                                                                                                                                                                         infectious AE)                
AE: adverse events; ATG: anti-thymocyte globulin; AZA: azacitidine;  CMML: chronic myelomonocytic leukemia; CR: complete remission; CTCAE: Common Terminology Criteria
for Adverse Events; HI-E: hematologic improvement-erythroid; IPSS: International Prognostic Scoring System; PR: partial remission; RA: refractory anemia; RARS: refractory anemia
with ringed sideroblasts; RAEB: refractory anemia with excess blasts; RCMD: refractory cytopenia with multilineage dysplasia; TI: transfusion independence.



list that are only applicable to multi-arm studies, 12 out of
22 studies scored at least 15 out of the remaining 20
points. A notable exception in terms of methodological
quality was the phase III trial by Passweg et al. comparing
ATG + CsA to best supportive care.18 Importantly, treat-
ment with ATG + CsA resulted in a hematologic response
in 31% of patients in this trial which is comparable to the
33.7% for ATG + CsA in our meta-analysis. Although the
limitations in terms of study quality must be kept in mind,
the overall comparable results among different studies
suggest that our meta-analysis provides robust evidence
on the effect of IST in the treatment of MDS.
Previous studies have suggested that IST may contribute

to the risk of progression to AML because of a suppression
of immune surveillance. However, this seems to be more
relevant in high-risk MDS subtypes rather than the lower
risk MDS forms that constitute the patients primarily
treated with IST.48,49 In our meta-analysis, we found a rate
of progression to AML of 8.6% per patient year (95%CI:
3.3-13.9%). The risk of progression to AML varies sub-
stantially based on the IPSS risk category as well as the
presence of certain cytogenetic abnormalities.50 The
majority of patients in our meta-analysis had either low
(32.8%) or intermediate-1 (49.2%) risk disease by IPSS
(Tables 1-3). In previous studies, the time of progression to
AML in the absence of treatment for 25% of patients with
IPSS-low and intermediate-1 MDS patients was reported
at 10.8 and 3.2 years, respectively.51 Although comparison
of our data with these historical results is limited, our
meta-analysis does not show a significantly higher AML
transformation rate than expected for IPSS lower and
intermediate-1 risk MDS patients in general. 
Our study has several limitations. In many of these

studies, the patients included were selected and judged by
the investigators to potentially benefit from IST.
Therefore, the efficacy results might be inflated and not
necessarily apply to all lower-risk MDS patients.  In addi-
tion to the heterogeneity of studies and the overall low
methodological quality, there were insufficient data to
assess adverse events in our meta-analysis. While at least
a minimum amount of information on treatment-associat-
ed adverse events was provided in 17 out of 22 studies,
only 5 studies provided CTCAE grading of adverse events
and reported those on a patient level.18,35,39-41 Given the het-
erogeneity of adverse event reporting, we were unable to
conduct a meta-analysis on the side effect profile of IST in
MDS. As IST is most commonly used for lower-risk MDS

patients to alleviate symptom burden resulting from red
blood cell transfusion dependence and to limit the detri-
mental sequelae of resulting iron overload rather than
modifying AML transformation risk, information on treat-
ment-associated adverse events is essential for physicians
to appropriately counsel patients. We were not able to
analyze the effect of IST on platelet transfusion independ-
ence as it was reported in only the minority of studies.
Lastly, publication bias could not be assessed in this meta-
analysis because of the lack of a comparative treatment
arm in the majority of the studies.  
Given that the median overall survival rate among

untreated patients with lower-risk MDS is 5.3 years, a
long duration of follow up would be required to detect
any survival benefit from IST and data on overall survival
were provided in 5 out of 23 studies only. Therefore, we
were unable to assess whether IST provides an actual sur-
vival benefit in MDS.

Conclusions

In summary, our data showed an ORR of 42.5% and a
TI rate of 33.4% for IST in MDS, with ATG-based treat-
ment regimens being the most commonly used option.
Response rates tended to be higher for combination ther-
apy of ATG in conjunction with mostly CsA compared to
ATG monotherapy. While we were unable to assess the
utility of various biomarkers in predicting response to IST,
current guidelines recommend considering IST for symp-
tomatic treatment of lower-risk MDS patients to alleviate
transfusion burden and associated sequelae. However,
given the lack of prospective, randomized, controlled
studies, it is difficult to definitively determine the impact
of IST on response and survival in patients with MDS, and
randomized trials of IST are warranted to confirm our
results. 
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