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ABSTRACT
Background: Acute graft-versus-host disease (GvHD) is a major complication after allogeneic 
hematopoietic stem cell transplantation (HSCT) that causes high morbidity and mortality among 
patients who do not respond to steroid treatment. Mesenchymal stromal cells (MSCs) have 
immune modulatory abilities and earned their place in the treatment of GvHD after a pediatric 
patient remarkably recovered from steroid-refractory acute GvHD with MSC salvage therapy. Large, 
prospective clinical trials evaluating the potency of MSCs have however not been published. 

Methods: To evaluate the therapeutic potential of MSCs in the treatment of steroid-refractory acute 
GvHD, we conducted a systematic literature search. We included all studies that focused on MSC 
treatment of adult allogeneic HSCT recipients with grade III-IV steroid-refractory acute GvHD and 
that were transparent about their methods and patient selection criteria.

Results: From a total of 255 articles, 9 articles met the quality criteria for this study. The proportion of 
patients achieving complete resolution of all symptoms (CR) varied between 8% and 83%. Four of 
the 9 studies reported CR rates above 50%. GvHD grade at the time of treatment was identified as 
a predictor of clinical response. Interestingly, complete response but not partial response to MSCs 
was associated with overall survival. No serious side effects of MSC therapy were reported. 

Conclusion: MSC treatment does improve the outcome in steroid-refractory acute GvHD patients 
but well-designed, prospective randomized clinical trials are needed to confirm the potential of MSCs 
as salvage therapy for steroid-refractory GvHD and to identify those patients that will benefit most.
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INTRODUCTION
Allogeneic hematopoietic stem cell transplantation (HSCT) is frequently applied to treat hematological 
malignancies, but is often complicated by GvHD that occurs in up to 70% of allogeneic HSCT 
recipients (1). Steroids, often combined with methotrexate, calcineurin inhibitors and/or mycophenolic 
acid, make up the first line treatment for acute GvHD and are effective in 30-50% of patients (2). The 
outcome for patients who do not respond to corticosteroids is poor, with a reported 2 year survival 
of less than 20% (3). Intensification of immunosuppressive therapy in these patients for example by 
increasing the doses of steroids, or adding anti-thymocyte globulin (ATG), infliximab or daclizumab 
to steroids did not improve response rates, but did increase the risk for infectious complications 
(4-7). 

With no consistently effective therapy for steroid-refractory acute GvHD and alternative approaches 
that were at best only modestly successful, finding a more potent salvage therapy became urgent. 
In 2004 mesenchymal stromal cell (MSC) therapy came into play, when Le Blanc and co-workers 
infused haploidentical MSCs into a pediatric patient with severe steroid-refractory acute GvHD (8). 
A remarkable recovery was observed. The rationale to treat this patient with MSCs was based on 
observations in baboons transplanted with histo-incompatible skin grafts, in which infusion of ex 
vivo-expanded MSCs delayed the time to graft-rejection (9). 

MSCs were first described by Friedenstein, as fibroblast-shaped, non-hematopoietic progenitor 
cells in postnatal bone marrow (10). Later, similar cells were identified in other tissues such as 
adipose tissue and umbilical cord blood. MSCs are self-renewing multipotent adult precursors of 
mesenchymal lineages (11). Minimal definition criteria for MSCs include the capacity to adhere to 
plastic, the expression of CD105, CD73 and CD90 and the lack of CD45, CD34, CD14, HLA-DR, 
CD11b, CD79a or CD19 expression, and the ability to differentiate into osteoblasts, adipocytes 
and chrondroblasts in vitro (12). As MSCs are progenitors of well-differentiated supportive tissues, 
researchers have been exploring their role in regenerative medicine. Several animal studies 
demonstrated their potential to create and repair new bone, tendon, cartilage and muscle (11,13-
15). 

With the observation that MSCs in addition have immunosuppressive properties and that infusion 
of these cells was curative in a patient with steroid-refractory GvHD, smaller and larger studies on 
the effect of MSCs in steroid-refractory GvHD followed. Although MSC infusion is now considered 
as a second-line therapy for steroid-refractory GvHD in most centers, no large, prospective clinical 
trials have been reported. The aim of this study was to systematically review data available to date 
to evaluate the effect of MSCs as a treatment for severe, steroid-refractory acute GvHD.
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METHODS
Research strategy and selection criteria
In April 2015, we performed a systematic literature search in PubMed. Keywords used were: 
‘mesenchymal stromal cells’, ‘mesenchymal progenitor cell’, ‘multipotent mesenchymal stromal 
cell’, ‘multipotent bone marrow stromal cell’, ‘multipotent stromal cell’, ‘MSC’ and ‘mesenchymal 
stem cell’ and ‘graft-versus-host disease’, ‘graft-vs-host disease’ or ‘GVHD’. Articles were screened 
independently by two researchers (J.M.M. and M.J.A.). The focus of our review was on severe, grade 
III/IV steroid-refractory acute GvHD in adult allogeneic HSCT recipients but studies that included 
grade II GvHD in addition to grade III-IV GVHD patients were permitted. Studies were only eligible for 
analysis when stratified for GvHD type (acute (onset <100 days after HSCT) vs chronic (onset >100 
days after HSCT)) and severity (grading). We excluded studies that focused on prevention of GvHD 
by means of MSC co-transplantation, studies in which MSCs were used as first-line therapy or were 
used in combination with other second-line therapies such as etanercept, studies that included 
pediatric populations only, case reports, animal studies, non-English publications and conference 
meeting abstracts, based on title and abstract. 

Assessment of study quality
Before inclusion into the study, eligible studies were subjected to a quality assessment that focused 
on crucial aspects of MSC transplantations. Quality assessment with regard to materials and 
methods included a clear description of included patients (median age, sex), the number of patients 
included, GvHD grade stratification, characteristics of the product (donor characteristics, MSC 
source, culturing methods, passage times, number of cells infused and number of MSC infusions). 
Quality criteria for study design and results were a clear description of clinical endpoints, detailed 
descriptions of individual patient outcomes, specification of statistical methods and median follow-
up time. While the use of control groups significantly increases the quality of a study, only few studies 
did include a control group (16,17).

Analysis
Taking into consideration the expected heterogeneity between studies and the lack of control 
groups in this highly experimental field, we performed a systematic review using descriptive statistics 
to analyze results, except for the correlation analysis shown in Figure 2, for which non-parametric 
Spearmen’s rank coefficients and 95% confidence intervals were determined using Prism software.
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RESULTS
Literature search, study characteristics and patient characteristics
A total of 255 articles were found, of which 177 were excluded based on titles and abstracts. After 
screening the full texts of the remaining 78 articles, another 69 articles were excluded based on the 
criteria as described in the methods section. The remaining 9 articles were eligible for the purpose 
of our study (Figure 1). Study and patient characteristics are depicted in Table 1. All studies were 
conducted as non-randomized clinical trials (16-24). In two studies, a control group was included 
consisting of patients with steroid-refractory GvHD who declined MSC treatment or for whom MSCs 
were not available due to limited resources (16,17). The total number of patients included varied from 
6 (18) to 55 (20), with median ages ranging between 19 and 58 years. A total of 169 men and 104 
women received MSCs; 35 steroid-refractory GvHD patients who did not receive MSCs (21 men, 14 
women) were included. Two studies focused entirely on grade III-IV acute GvHD (18,21); the other 
studies included patients with grade II GvHD as well. Median time of follow-up of the patients ranged 
from 3 to 40 months, with three studies not providing information on follow-up times (19,22,24).

Table 1. Patient characteristics for each study

1st Author Patients MSC

No M:F Agea aGvHD 
II:III:IVb

Source/
medium

Passagec Dosed No Follow upe

Ringden
(2006)

pts 8 7:1 56 (8-61) 0 : 6 : 2 BM/fcs 1-4 0.7-9 1-2 2 - 36

co 16 9:7 40 (3-60) 2 : 10 : 4 NA NA NA NA NM

Fang (2007) 6 3:3 39 (22-49) 0 : 2 : 4 AT/fcs NM 1e 1-2 18 - 90

Le Blanc (2008) 55 34:21 22 (0.5-64) 5 : 25 : 25 BM/fcs NM 0.4-9 1-5 1.5 - 64

Von Bonin (2009) 13 7:6 58 (21-69) 0 : 2 : 11 BM/pl 1-2 0.6-1.1 1-5 1.5 - 23

Resnick (2013) 50 28:22 19 (1-69) 5 : 6 : 39 BM/fcs 1-3 0.3-3.1 1-4 NM

Sanchez (2014) 25 13:12 NM (20-65) 7 : 15 : 3 BM/pl 1-3 0.7-1.3 2-8 NM

Introna (2014) 40 27:13 28 (1-65) 11 : 20f BM/pl NM 0.8-3.1 2-11 NM

Zhao (2015) pts 28 19:9 26 (14-54) 4 : 8 : 16 BM/fcs 4-5 1g 2-8 1.5 - 44

co 19 12:7 29 (14-50) 2 : 8 : 9 NA NA NA NA 1.5 - 34

Te Boome (2015) 48 31:17 45 (1-69) 12 : 33 : 3 BM/pl 3 0.9-2.5 1-4 Up to 12
a Median age (range).
b Number of patients per aGvHD grade.
c Number of ex vivo passages of MSCs before infusion.
d Dose 106 MSCs/kg.
e Follow-up in months.
f Grades III-IV combined.
g Median dose.
NA indicates not applicable; NM, not mentioned; BM, bone marrow; No, number of individuals (“Patients”) or 
number of MSC infusions (“MSC”); AT, adipose tissue; pl, platelet lysate.
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Figure 1. Literature search
Flowchart of selection process of relevant papers, as outlined in the Methods.

MSC therapy
Details on MSC therapy for each study are outlined in Table 1. MSCs were obtained from the bone 
marrow (16,17,19-24) or adipose tissue (18) obtained from healthy volunteers of varying ages. One 
study included pediatric donors (20), another study included only adult volunteers (17) and the 
remaining the studies did not provide details on MSC donor age. MSCs were expanded in medium 
containing fetal calf serum (FCS) (16,18-20) or human platelet lysate (17,21-24). The number of MSC 
passages before infusion ranged from one to five. In one study both freshly isolated and viably frozen 
MSCs were used, which did not seem to affect efficacy (19). The number of MSCs administered 
varied largely, between 0.3x106 and 9x106 cells/kg bodyweight, with a median number of MSCs 
ranging from 0.9x106 cells/kg to 1.8x106 cells/kg bodyweight. Also the number of MSC infusions 
varied, ranging from 1 to 19 per patient, with median numbers of infusions ranging between 1 and 
4. In all studies standard immunosuppressive regimens such as prednisolone and cyclosporine 
were continued during MSC therapy. In 2 studies additional immunosuppressive therapy was 
allowed when patients did not respond to MSCs and included infliximab, pentostatin, alemtuzumab, 
extracorporeal photopheresis (21), or psoralen ultra-violet A (PUVA) and mofetil mycophenolate (22).
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Definition of steroid-refractory acute GvHD and of study endpoints
Steroid-refractory acute GvHD was generally defined as patients with acute GvHD not responding 
to high-dose steroid treatment (≥ 2 mg/kg/day) for 5 to 7 days, or with progression of at least one 
grade within 72 hours after start of high-dose steroid treatment. In two studies steroid-refractory 
acute GvHD was not explicitly defined (17,22), in one study ‘therapy-refractory acute GvHD’ was 
defined as persistent or progressive symptoms despite 5 days of treatment with steroids (≥ 2 mg/
kg/day) or 48 hours after escalation with concomitant therapy such as methotrexate, infliximab, or 
pentostatin (21). In the study by Zhao et al ‘refractory acute GvHD’ was defined as steroid-refractory 
acute GvHD (as above) that failed at least one second-line therapy (including mycophenolate mofetil, 
cyclophosphamide, methotrexate, CD25 monoclonal antibody or human anti-thymocyte globulin 
(16)). 

Endpoints were defined as complete response (CR), partial response (PR), mixed response (MR), 
overall response (OR=CR+PR+MR), overall mortality rate (OMR), overall survival (OS), disease free 
survival (DFS), transplantation related mortality (TRM) and GvHD related mortality. CR and PR were 
defined as the complete or partial resolution of all acute GvHD symptoms at median time of follow-
up. OS was reported in all but one study (19), as was TRM (23). Von Bonin et al. provided the most 
detailed information, including OMR at 31 days, OS at 8.6 months, GvHD related mortality and OR 
and CR+PR at 28 days after MSC treatment (21). 

Clinical response to MSC treatment
Complete response rates differed between patient groups (Table 2). The 2 studies with the smallest 
number of patients included (less than 10) showed complete response rates of 75% and 83% 
(17,18). Other groups demonstrated more modest effects with complete response rates ranging 
between 8% (21) and 61% (16). Clinical responses to MSC treatment determined to a large extent 
the survival rates. The groups with the highest complete response rates also reported the best 
overall survival rates (Figure 2A), up to 66% at 40 months after MSC treatment (17,18). In one of 
these studies, all non-MSC treated steroid-refractory acute GvHD patients (n=16) had died 1,5 years 
after MSC treatment, whereas 70% of MSC treated patients (n=8) were still alive at that time (17). 
Other groups reported lower overall survival, with 2 to 3 year survival rates varying up to 53% (20). 
Response to MSC treatment was not the only determinant of overall survival; up to 17% of patients 
died because of relapsed malignancy in these studies, a proportion that is not higher than expected 
based on historical data. 
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Table 2. Response rates and survival
1st Author Outcome Survival

CR (%) PR (%) MR (%) Relapse (%) TRMa (%) OS (%)

Ringden (2006) pts 6/8 (75) 0/8 (0) 3/8 (38) 5/8 (63)

co NM NM NM 0/16 (0)

Fang (2007) 5/6 (83) 1/6 (17) 1/6 (17) 4/6 (66)

Le Blanc (2008) 30/55 (55) 9/55 (16) 3/55 (5) CR 11/30 (37) 16/30 (53)
PR/NR 18/25 (72)b 4/25 (16)b

Von Bonin (2009) 1/13 (8) 1/13 (8) 5/13 (38) 0/13 (0) 9/13 (21) 4/13^ (31)

Resnick (2013) 17/50 (34) 16/50 (32) 1/50 (2) CR/PR 6/33 (18) NM

Sanchez (2014) 11/25 (44) 6/25 (24) 2/25 (8) CR/PR 7/17 (41) 8/11 (67)
NR 5/8 (71) 3/14 (21)

Introna (2014) 11/40 (27) 16/40 (40) 6/40 (15) 18/40 (45) 16/40 (40)

Zhao (2015) pts 17/28 (61) 4/28 (14) 2/28 (7)c 12/28 (43) …/28 (46)d

co 5/19 (26) 3/19 (16) 1/19 (3)c 13/19 (68) …/19 (26)

Te Boome (2015) 12/48 (25) …/48 (44)
a TRM: transplantation-related mortality, here defined as nonrelapse mortality.
b P < 0.05 compared with patients with CR in same study.
c At median time of follow-up (±300 days).
d Not significantly different from control group.

Interestingly, the majority of patients under study showed at least a partial response (Table 2). 
Partial responses to MSC treatment did however not significantly improve survival (Figure 2B). 
When the survival rate was calculated for patients with a partial response to MSC treatment, it was 
demonstrated that all of these patients died in the ensuing years, in sharp contrast to the complete 
responders in the same studies of whom up to 67% (22) was alive 2-3 years after MSC treatment. 
In two studies overall survival of MSC treated patients was compared to overall survival of steroid-
refractory GvHD patients that did not receive MSC therapy. Overall survival for non-MSC treated 
patients was 0 (17) to 26% (16).

Factors affecting clinical responses
When stratifying endpoints according to GvHD grade at start of MSC treatment, Introna and 
colleagues showed that the complete response rate at 28 days after MSC treatment in grade III-IV 
acute GvHD patients was significantly lower than in grade II acute GvHD patients (11% and 62%, 
respectively) (24). Other studies found a similar correlation between GvHD severity at initiation of 
MSC therapy and response rates (16,19), but this could not be confirmed by all (20,23). Interestingly, 
responsiveness to MSC treatment may be organ specific. The groups of Introna and Resnick 
did find better responses for acute GvHD of the skin and the gastro-intestinal system and less 
favorable outcomes for patients with acute GvHD of the liver (19,24), an observation that could 
not be confirmed by others (16,20). In addition, single organ involvement was associated with a 
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better clinical response compared to multi-organ involvement (16,24). In one study, a trend towards 
a better overall response was observed when MSC treatment was initiated within 30 days after 
acute GvHD onset (24), but a firm correlation between patient’s outcome and median time from 
acute GvHD onset to treatment with MSCs could not be demonstrated (19). To what extent age 
affects the outcome remains to be established. In two studies better survival was noted for children 
compared to adults with acute steroid-refractory GvHD (19,20); in the latter study age was even in a 
multivariate analysis model predictive for outcome. In another study, children tended to have a better 
outcome but this was related to confounding factors such as the relatively high number of children 
with grade II acute GvHD included in this study and a shorter time-interval between MSC treatment 
and acute GvHD onset in children compared to adults (24). Indeed, the overall outcome in this study 
was not dependent on age. MSC characteristics such as passage number or using viably frozen or 
freshly isolated and cultured MSCs did not affect survival rates (19). 

Figure 2. Correlation between clinical response and survival
Complete response rates (A) and partial response rates (B) plotted against overall survival rates for each study. 
Depicted are non-parametric Spearmen’s rank coefficient r (A: r=0.92; p<0.01; B: r=0.20; p=0.72) and 95% 
confidence intervals.
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Side effects 
None of the studies reported side effects at the time of infusion of MSCs or in the first 48 hours after 
infusion. Zhao et al compared infection rates between MSC recipients and their control (non-MSC) 
group and did not find significant differences in the incidence of infectious complications (16). Other 
groups investigated the incidence of infections in comparison to historic controls or to data obtained 
from literature and did not report important differences. 

DISCUSSION
Steroid-refractory acute GvHD is a common complication of allogeneic HSCT with a high mortality. 
MSC therapy, through its immune suppressive properties, can rescue part of the steroid-refractory 
acute GvHD patients and is frequently applied as such. It is generally assumed that about half of 
steroid-refractory acute GvHD patients are responsive to MSC therapy, however, large, prospective 
randomized trials objectifying MSC therapy response rates and identifying patients that will benefit 
most have not been published. While anticipating prospective studies such as currently carried out 
in Europe (HOVON112 EudraCT nr 2011-003237-33 and HOVON113 EudraCT nr 2012-004915-
30), we performed a literature search to clarify the potential of MSCs in treating steroid-refractory 
acute GvHD. 

We identified 9 studies that fulfilled pre-defined quality criteria to be included in our analysis. In 
these studies, response and survival rates of steroid-refractory GvHD patients receiving MSC 
therapy varied. Responses depended on disease severity at start of MSC treatment, and were 
positively correlated with overall survival, with patients obtaining a complete response having the 
best prognosis (Figure 2). Interestingly, partial responses were not associated with better outcomes 
and prognosis in partial responders was similar to non-responders or non-MSC treated controls. 
Single organ involvement was associated with a better MSC response, and acute GvHD of skin and 
intestine appeared to react better to MSC treatment than acute GvHD of the liver, although not all 
studies could confirm this observation. Another point of discussion is the influence of age: children 
seemed to benefit more and age was an independent predictor of response to therapy in one study, 
but in other studies this could not be confirmed. Altogether, 4 of the 9 studies reported complete 
responses in more than 50% of patients (Table 2), with no adverse effects.

A number of factors limit the interpretation of these data: the great variety in study endpoints, in 
characteristics of donor and patient populations, and in immunosuppressive regimens patients 
received before and after transplantation of MSCs. A publication bias towards MSC studies with 
positive outcomes may in addition have influenced our results (25). Most importantly, the number 
of patients under study was low and varied largely between studies, ranging between 6 and 55. 
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The largest prospective trial published today includes ‘only’ 55 patients (20), hampering proper 
analysis of factors determining responses to MSC therapy. Osiris Therapeutics Inc released 
preliminary results of two phase III trials conducted in 2009, including 452 patients, and reported 
no significant differences in primary endpoints between MSC and placebo-treated groups (http://
investor.osiris.com/releasedetail.cfm?releaseid=407404). The discrepancy in outcomes between 
these (unpublished) trials and published data may be related to several factors: the use of a limited 
number of MSC donors, the extensive expansion of MSCs necessary to generate enough MSCs 
from such limited number of donors, the use of cryopreserved MSCs and expansion of MSCs in FCS 
may render MSCs immunogenic through the upregulation of MHC expression (26). The negative 
effects of cryopreservation or the use of FCS on MSC therapy outcome could not be confirmed in 
the present study but the number of donors used and MSC passage numbers are important factors 
that have been taken into account in the design of present MSC trials.

While it is clear that response to MSC therapy is the greatest determinant of prognosis and survival 
in these patients, factors that determine response to MSC therapy are largely unknown. Firstly, MSC 
can be derived from alternate sources such as adipose tissue, fetal membrane cells from placenta 
and umbilical cord blood (18,27,28), and MSC source may be an important determinant of effectivity 
(29). For example, adipose tissue derived MSC had better immunosuppressive capacities than bone 
marrow derived MSC in vitro and in vivo (30,31). All except one (18) of the included studies used 
bone marrow derived MSC, precluding such analysis here. Other obvious MSC product variables 
such as passage number, donor age, gender, storage and others did not affect outcome in any of 
the studies. In one study MSCs from one donor were used to treat several patients (20). Responses 
in these patients varied, suggesting that recipient factors rather than donor characteristics determine 
outcome of MSC transfusion. Indeed, in another study it was demonstrated that T cell suppressive 
capacities of MSCs  in vitro did not correlate with clinical outcome. Clinical outcome in this study was 
in fact inferior compared to other studies despite very potent in vitro T cell suppressive capacities 
of MSCs (21). 

MSCs have been shown to suppress T cell proliferation and NK cell function in vitro. Responsiveness 
of recipient lymphocytes to MSCs may be one factor to determine MSC treatment outcome, 
however, factors that determine such responsiveness are largely unknown. In addition, interaction 
between MSCs and the recently identified innate lymphoid cells (ILCs) may play a role. ILC3s are 
abundantly present at mucosal sites and upon activation produce the tissue-restoring cytokine IL-
22. Under homeostatic conditions, as well as in the context of GvHD, host-ILC3s were found to 
be crucial for epithelial tissue repair with mice lacking IL-22 suffering from severe acute GvHD (32). 
We have demonstrated that allogeneic HSCT recipients with relatively high proportions of activated 
ILCs before transplantation have less risk to develop GvHD after HSCT (33). In another series of 
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experiments we have found that MSCs can enhance IL-22 production by ILC3s (manuscript in 
preparation). In line with this, it is tempting to speculate that the presence of ILCs in GvHD-affected 
tissues is a determinant of responsiveness to MSC treatment, but this has to be further explored. 
Other factors may include the presence or absence of other tissue repair cell subsets, as well as the 
cytokine milieu in affected tissues that may hamper or stimulate immunomodulatory effects of MSCs, 
For example, INF-γ can potentiate the immunomodulatory properties of MSCs via upregulation of 
indoleamine 2,3-dioxygenase (IDO), an enzyme that degrades the essential amino acid tryptophan 
(34). In vitro and in vivo evidence demonstrates that the magnitude of the IDO response correlates 
with the immunomodulatory capacities of MSCs (35,36). MSCs have the potential to home to 
affected tissues (17,37,38), and thus the local presence of IFN-γ could determine the efficacy of 
MSC treatment.

Taken together, while large prospective trials are underway, published evidence indicates that MSC 
treatment can be curative in steroid-refractory acute GvHD. Results are however variable, and 
research should be focused on better identification of those patients that will benefit from MSC 
therapy.
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