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Abstract 

Graft versus Host Disease (GVHD) and particularly the treatment of steroid refractory 

GVHD  is defined as a post-transplant condition that occurs when immunologically competent 

cells or cell precursors are transplanted into an immunologically incompetent recipient that is not

fully histocompatible with the donor. For the purpose of this paper, Steroid-Refractory GVHD 

and Steroid-Resistant GVHD can be used interchangeably, as well as mesenchymal stromal cells 

and mesenchymal stem cells.   GVHD The immunocompetent grafted cells mount an immune 

response against the host, hence the name of the condition.  Incidence of acute GVHD (aGVHD) 

depends on the degree of HLA mismatch, patient’s age, immunizations received by the donor, 

and prophylaxis against GVHD used.  Patients most affected by chronic GVHD (cGVHD) are 

those who receive mobilized peripheral blood grafts, and unrelated or mismatched transplants.  

GVHD can cause death in up to 10% of those who contract it, and the gold standard of treatment 

for GVHD is a combination of steroids and calcineurin inhibitors (CI).  In contrast, those who 

contract Steroid-Refractory GVHD have a mortality rate of 80% or higher.  Due to the lack of 

randomized controlled trials for treatment of steroid-resistant GVHD, there are no treatments 

proven to be highly effective at reducing mortality for steroid-refractory GVHD.  In addition, 

there is no clear consensus on the best second and third line approach to treatment against 

aGVHD and cGVHD.   Some treatments that have shown success are mesenchymal stromal cells

(MSC) and electrophoresis (ECP).   MSCs have the ability to expand and mature among different

cell lineages.  ECP uses radiation to induce death in malignant cells.  With the promising 

discoveries of new treatments and information about GVHD, there is the prospect of seeing a 

significant advancement in the next decade.
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Graft versus host disease (GVHD) is defined as a post-transplant condition that occurs 

when immunologically competent cells or cell precursors are transplanted into an 

immunologically incompetent recipient that is not fully histocompatible with the donor. 

Consequently, those immunocompetent grafted cells mount an immune response against the 

host, hence the name of the condition (Miller, 2006).  Those most affected by acute GVHD 

(aGVHD) depends on the degree of HLA mismatch, patient’s age, immunizations received by 

donor, and prophylaxis against GVHD used (Jamil & Mineishi, 2015).  Those most affected by 

chronic GVHD (cGVHD) are those who receive mobilized peripheral blood grafts, and unrelated

or mismatched transplants (Jamil & Mineishi, 2015). There is no evidence that there is one type 

of population or age that is more affected by steroid-resistant GVHD.  The literature describes 

GVHD as a major obstacle to successful hematopoietic stem cell transplantation (HSCT), 

causing morbidity and mortality in those who contract it.  GVHD also occurs during other types 

of transplantation, such as bone marrow and solid-organ transplant.  GVHD is differentiated into 

acute and chronic subtypes, according to symptom onset.  Acute GVHD (aGVHD) is defined as 

occurring within 100 days, while any occurrence of symptoms happening after 100 days is 

defined as chronic GVHD (cGVHD).  If no symptom improvement is seen after three days of 

high-dose steroid treatment, then the condition is considered steroid-refractory GVHD and other 

treatments need to be considered.  GVHD presents with heterogeneous symptoms involving 

multiple organ systems, including the gastrointestinal tract, skin, mucosa, liver and lungs (Jamil 

& Mineishi, 2015).    

GVHD is detrimental to a patient’s health due to the action of the immune system 

recognizing self from non-self.  GVHD is a three-step process: first, the host antigen presenting 
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cells are activated; second, the donor’s T cells are activated; finally, “cellular cytotoxicity 

mediated by donor cells leading to tissue damage in skin, GI tract, liver, and other areas” (Jamil 

& Mineishi, 2015).

There are many treatments available for GVHD, but the first line of treatment is always 

steroids and calcineurin inhibitors (CI).  The steroid regimen usually consists of 2 mg/kg/day of 

methylprednisolone for 1-2 weeks, which is thereafter continuously tapered down until the 

patient has no symptoms (Jamil & Mineishi, 2015).  Many treatments have been tested for 

steroid-resistant GVHD, but not all have been effective.  It is paramount that these treatments are

added as soon as possible for best results. Some treatments that have been used with success are 

anti-TNF agents, Rituximab, Pentostatin, and Interleukin 2 (IL-2). IL-2 plays a critical role in 

Treg development and Tregs act as immune modulators shown to reduce GVHD. IL-2 has also 

shown improvement in advanced fibrotic and sclerotic expressions, which were thought to be 

irreversible (Jamil & Mineishi, 2015).  IL-2 is an exciting new option as an adjunct treatment, 

but further investigation is needed.

Some promising new treatments that are being studied with great success are 

extracorporeal photopheresis (ECP) and mesenchymal stem cells (MSC). Pentostatin has shown 

marked improvement when used in conjunction with extracorporeal photopheresis,   ECP 

consists of a combination of leukapheresis and photodynamic therapy.  ECP also uses UV-A 

radiation for treatment of steroid-refractory GVHD, where the use of radiation leads to apoptosis 

of leukocytes.  Several studies have shown marked improvement in symptoms and survival. 

Another treatment being studied is MSC therapy, which consists of stem cells that are 

able to mature along different pathways.  MSCs have shown a clear and pronounced 

improvement in the treatment of steroid-resistant GVHD and can be successfully used to treat it 
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(Resnick et al., 2013).  Though ECP and MSC treatments have shown success, further trials need

to be performed to demonstrate its influence to the entire population.                   

Literature Review

A review by Jamil and Mineishi (2006) presented many different outcomes and first line 

treatments for aGVHD and cGVHD, as well as the many secondary treatments available.  The 

gold standard treatment for acute and chronic GVHD is steroids and CI (Jamil & Mineishi, 

2006).  There is no well-known second-line treatment for steroid-refractory acute GVHD and it 

usually results in death.  Some of the secondary treatments being studied for aGVHD, cGVHD, 

and steroid refractory GVHD are Antithymocyte globulin (ATG), Alemtuzumab (a humanized 

monoclonal antibody to CD52), Anti-interleukin 2 receptor antibodies, Anti-TNFα agents, 

Mycophenolate mofetil, Sirolimus, Pentostatin, and MSCs.   IL-2 shows that when given daily 

for eight weeks, partial responses were seen in 52% of patients.  An anti-TNF agent shows 

improvement in 19 of 22 patients when combined with daclizumab and infliximab, especially 

when the GI tract is involved (Jamil & Mineishi, 2015).  Rituximab has shown a response rate of 

70%, and can possibility reduce the irreversible damage associated with GVHD when used as a 

prophylaxis (Jamil & Mineishi, 2015).  

There are mixed treatments for chronic GVHD with the first-line being topical treatment 

with corticosteroids (Jamil & Mineishi, 2006).  It is interesting that many of the secondary 

treatments for acute and chronic GVHD are the same with a bit of variation.  The second-line 

treatment options are Rituximab, Extracorporeal photopheresis Imatinib, Mycophenolate mofetil,

Sirolimus, Pentostatin, Interleukin 2, Methotrexate, Bortezomib, and Thalidomide. 

Resnick et al. (2013) discussed the treatment of MSC for steroid-refractory GVHD.  This 

study consisted of 50 patients, with 54 cases of GVHD, injected with MSC infusions after 
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developing steroid-refractory GVHD.  The MSC infusions were isolated and cultured from bone 

marrow aspirates of the iliac crest of the patients.  Some of the infusions used were previously 

frozen, while others used were from fresh expanded donor cells.  Seventy-four infusions were 

administered; each patient received one to four treatments (Resnick et al., 2013).  Symptom 

improvement was seen in 33 patients, while only 17 had complete resolution of symptoms.  

There was a positive response in 66% of cases and complete resolution in 33% of patients.  

Resnick et al. (2013) were able to show that pediatrics had a higher survival rate than adults who 

had steroid-refractory GVHD.  One of the reasons this experiment was performed is because 

steroid-refractory GVHD does not have a good response to the known treatments, which are 

calcineurin inhibitors, mycophenolate mofetil, and many monoclonal or polyclonal antibodies.  

The best-published results using MSCs were extremely high, with 77.4% in complete response 

and 93.5% in partial response (Resnick et al., 2013).  “Therefore, the use of MSC in complex 

treatment of aGVHD probably has an additional impact which contributes to phenomenological 

improvement of survival” (Resnick et al., 2013).  Overall, this study found that MSCs are 

effective in the treatment of steroid-refractory GVHD, but the prognosis is better the younger the

patient is and how well they respond to primary treatment. 

In a similar study, Herrmann et al. (2011) performed a phase one trial on the use of MSCs

for steroid-refractory aGVHD and cGVHD.  The two purposes of this study were safety and 

overall survival.  Nineteen patients received a treatment plan consisting of eight intravenous 

infusions of MSC, twice a week for four weeks (Herrmann et al., 2011).  To insure safety, after 

each infusion of MSC, patient vital signs were monitored for four hours, and patients were 

questioned when they returned for treatment about any side effects.  The MSCs used in this study

were obtained by bone marrow aspirates from family members, as well as unrelated donors.  The
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results of this study were complete response in nine, partial in six, and no response in four 

(Herrmann et al., 2011).  It was discovered that complete response was crucial to survival of the 

patients because all who did not have a complete response died.

Two similar studies, a case study and a multicenter comparative analysis, describe the use

of extracorporeal photopheresis (ECP) for steroid-resistant GVHD (Milgrom et al., 2016; Jagasia

et al., 2013).  In the case report, a 37-year-old male with Hodgkin lymphoma underwent an 

allogeneic stem cell transplant.  Three months after the transplant, the patient developed GVHD. 

The patient became refractory to steroids and tacrolimus, so his physicians decided to try a 

regimen of pentostatin and photopheresis.  At the patient’s six-month follow-up, his symptoms 

of GVHD were resolved, and there was no evidence of Hodgkin lymphoma (Milgrom et al., 

2016).  One patient was shown to have inactive GVHD six months after treatment had ended, 

when a combination of ECP and tacrolimus was used (Milgrom et al., 2016).  

In a study by Jagasia et al. (2013), a comprehensive multicenter analysis showed that 

ECP has exceptional advantages for survival of patients and should be considered as a treatment 

for steroid-refractory GVHD.  This comparable and much larger study by Jagasia et al. (2013) 

used comparative analysis between treatment with ECP and anticytokine therapy.  Anticytokine 

therapy uses inolimumab or etanercept.  A total of 98 patients were involved for an average of 45

days, where 57 were treated with ECP and 41 were treated with anticytokine therapy (Jagasia et 

al., 2013).  The participants were from Tennessee, the UK, Austria, and France.  Results were 

evaluated at the end of ECP or at four weeks of anticytokine therapy, with an emphasis on 

overall survival rates.  Overall response and complete response were significantly higher in those

who received ECP than those who received anticytokine therapy.  Patients receiving ECP had an 

average survival rate of 37.9 months, which was much higher than the 17 months seen in those 

7



Steroid-Refractory Graft-Versus-Host Disease Experimental Treatments

who received anitcytokine therapy (Jagasia et al., 2013).  Together these studies show that ECP 

is effective in the treatment of steroid-resistant GVHD. 

Discussion

A mortality rate of more than 80% is extremely excessive for any disease.  One of the 

reasons it is so high for steroid-refractory GVHD is because it does not respond well to any of 

the known treatments (Resnick et al., 2013).  There is no information on how steroid-resistant 

GVHD can be prevented or if there are specific risk factors that can make a patient more 

susceptible.  However, it has been documented that younger patients tend to have lower mortality

rates, and that an earlier start to any treatment regimen, especially transplantation of MSC, tends 

to yield a better prognosis (Herrmann et al., 2011).

Limitations to some GVHD treatments, particularly the use of MSCs, include no 

warranty for ending other associated treatments and the interaction of immunosuppressants with 

MSC differentiation along different pathways, such as osteogenic, adipogenic, and chondrogenic 

lineages (Resnick et al., 2013).  Given the high success shown in this study, it is evident that 

MSCs are very effective in the treatment of steroid-resistant GVHD.  Therefore, future studies 

are needed in order to correct these limitations and improve the life expectancy of those who are 

diagnosed with steroid-refractory GVHD.

Another promising new treatment for steroid-refractory GVHD discussed was 

extracorporeal photopheresis (ECP). Two studies were presented in this paper.  One was a case 

report of a male who showed marked improvement after treatment.  Unfortunately, the results of 

a case study cannot be applied to the whole population.  In the study of ECP versus anticytokine 

therapy, the multicenter comparative analysis may be suitable for application to the population; 

however, there were multiple limitations mentioned, such as the lack of steroid tapering and ECP
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scheduling, duly stated as, “optimal timing intervention, frequency, duration, and tapering 

schedule of ECP in steroid-refractory GVHD remain important unanswered questions” (Jagasia 

et al., 2013).  Even though there are limitations, the positive responses and survival advantages 

warrant its use.  Nevertheless, further research is needed to answer these questions.     

Conclusion

In conclusion, steroid-refractory GVHD is a major cause of death in those who contract it

with mortality rate of as high as 80%.  Mortality is so high because there are still no safe and 

effective standard treatments available for use after steroid resistance develops.  Extracorporeal 

photophoresis and mesenchymal stem cells show very positive effects when used in those who 

have steroid-resistant GVHD, but because of their limitations, further research is needed before 

they can be declared the consequent treatment.  A second-line treatment needs to be determined 

because the sooner treatment begins, the better the prognosis for the patient.  With the promising 

discoveries of new treatments and information about GVHD, there is the prospect of seeing a 

significant advancement in the next decade.
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