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Preface 

With the increasing use of hematopoietic stem cell transplants as a treatment for 
malignancies and other pathologies, the frequency of graft-versus-host disease 
(GVHD) has increased. GVHD can be observed after allogeneic hematopoietic stem 
cell transplantation and can present in acute and chronic forms; the acute form has 
an incidence of 30% to 50% in (allogeneic) hematopoietic stem cell transplants, and 
in transplants from haploidentical-matched unrelated donors, being reported before 
100 days after transplantation, and the chronic form appears after 100 days after 
transplantation. 

Chronic GVHD is the leading cause of death, not due to relapse of the original disease, 
and may evolve from acute to chronic, quiescent (acute GVHD that resolves but later 
develops into chronic form) or may occur de novo. 

It was decided to utilize the natural history of the disease and its prevention levels to 
review GVHD, as this is a unique approach to evaluating any type of pathology. This 
book covers the pre-pathogenic period, also known as the ecological triad, which 
includes the agent, host, and environment prior to the development of the disease. 
Clinical manifestations of the different types of GVHD are also included. Regarding 
prevention levels, sanitary education and health promotion, specific protection, and 
various treatments for the disease are reviewed. The editors and authors of the chap-
ters hope that you find the chapters useful for your education and health practice. 

The editors recognize the hard work of the authors and are grateful for the tremen-
dous support of Mirna Papuga, Publishing Process Manager, from IntechOpen. 

Dr. Nicolás Padilla-Raygoza 
Department of Research and Technological Development, 

Directorate of Teaching and Research, 
Institute of Public Health from Guanajuato State, 

Guanajuato, Mexico 

Dra. Eunice Sandoval-Ramírez 
Professor, 

La Salle University in Bajio, 
Guanajuato, Mexico 
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Chapter 1

Pre-Pathogenic Period: Ecological 
Triad of Graft-Versus-Host Disease 
Nicolás Padilla-Raygoza, Eunice Sandoval Ramírez, 
Gilberto Flores-Vargas, María de Jesús Gallardo-Luna 
and Efraín Navarro-Olivos 

Abstract 

There is an increase in diseases that are treated with hematopoietic stem cell, bone 
marrow, or/and organ transplants. The frequency of graft-versus-host disease and 
its risk factors that promote the presence of the disease are reviewed. The agent is the 
presence of T cells in the transplanted cells or organs, and the host does not mount 
an effective immune response against them or the medical treatment to prevent the 
immune response was not effective. The host who suffers from graft-versus-host 
disease is any person who receives cell or organ transplants for any underlying disease 
that can be treated with transplant. Regarding the environment, no factors have been 
described that may influence the presence of graft-versus-host disease. It is important 
to balance the elements of the ecological triad (agent-host-environment), so that 
graft-versus-host disease does not occur. The important thing is that the person with a 
disorder that requires hematopoietic stem cells, marrow or organ transplant, receive a 
prophylactic scheme to avoid the immune response against the transplant. 

Keywords: agent, host, environment, transplant, hematopoietic stem cell 

1. Introduction 

The disease process is dynamic, and reviewing it in the form of natural history and
levels of disease prevention allows for a didactic way of learning about the evalua-
tion of a pathology and how to prevent it at different stages. The ecological triad in 
pre-pathogenic period only includes agent, host, and environment, before that the 
disease is in the person, but has relationship with pathogenic period and prevention 
levels (Table 1). 

Organ, bone marrow, and hematopoietic cell transplants are increasingly used 
worldwide as a treatment for many malignant and non-malignant diseases, and these 
treatments are often the only way to cure these diseases. 

Hematopoietic stem cell transplantation (HSCT) is a potentially curative treat-
ment for malignancies such as leukemia, lymphoma, myeloma, and myelodysplasia, 
but also for non-malignant diseases such as hemoglobinopathies, aplastic anemia, and 
immunodeficiency syndromes (inborn errors of immunity [1, 2]); due to the increase 
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in the prevalence of these diseases and timely diagnosis, offering the possibility of 
access to definitive treatment, the number of hematopoietic cell transplants has also 
increased [3]. 

Prior to HSCT, patients undergo chemotherapy to eradicate affected hematologic 
cells, provide an immunosuppressive environment for the transplanted cells, and 
prevent rejection of the donor hematopoietic cells to be transplanted [2]. 

For graft-versus-host disease (GVHD), a frequency of 40–80% is reported after 
transplantation of marrow and blood replete with T cells [4, 5]. 

GVHD can be observed after allogeneic hematopoietic stem cell transplanta-
tion and can present in acute and chronic forms; the acute form has an incidence 
of 30–50% in allogeneic hematopoietic stem cell transplants (a-HSCT) [6] and in 
transplants from matched haploidentical unrelated donors [6, 7], and being reported 
before 100 days after transplantation and the chronic form appears after 100 days 
after transplantation [8, 9]. 

Despite significant advances in donor selection, conditioning regimens, and pro-
phylaxis, chronic GVHD remains the major cause of late morbidity and mortality [10]. 

National Institutes of Health criteria have been used to classify GVHD into four 
subclasses [11]: 

1. Classic acute graft-versus- host disease (aGVHD): Presentation within 100 days 
of transplantation or donor lymphocyte infusion, 

2. Late-onset persistent and/or recurrent aGVHD: Features of classic aGVHD 
without diagnostic manifestations of chronic graft-versus-host disease (cGVHD) 
occurring beyond 100 days after transplantation, 

Pre-pathogenic period-ecological triad Pathogenic period 

Agent: presence of T cells in blood, 
marrow, or organ transplanted. 
Host: patients that require bloods stem cell, 
marrow, or organ transplants and generate 
an immune response to T cells present in 
the transplant from donor. 

Clinical horizon 

Environment: without evidence of 
relationship with graft-versus-host disease, 
but there is an association with subjacent 
diseases 

Subclinical stage (physiopathology) 

Primary prevention Secondary prevention Tertiary 
prevention 

First level Sanitary 
education and health 
promotion 

Second level 
Specific 
protection 

Third level (early 
diagnosis and timely 
treatment) 

Fourth level 
Limitation 
of damage 
(treatment of 
complications) 

Fifth level 
Rehabilitation 

CH Clinical horizon. 
Source: Own design. 

Table 1. 
Natural history of disease and prevention levels. 
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3. Classic cGVHD: Diagnostic and distinctive features of cGVHD are present and 
presenting after 100 days 

4. Overlap syndrome: Features of both cGVHD and aGVHD may be observed. 

The cGVHD is the leading cause of death not due to relapse of the original disease 
[12] and may be the evolution from acute to chronic, quiescent (aGVHD that resolves 
but later the chronic form appears) or may occur de novo [13]. 

The two leading causes of death after allogenic HSCT are relapse of the underlying 
disease and GVHD [14]. 

2. Ecological triad 

For the presentation of GVHD, three conditions are necessary, according to 
Billingham [15]: 

1. The donor/graft must contain immunologically competent cells. 

2. The recipient/host must express tissue antigens that are not present in the 
donated cells; and 

3. The recipient must be unable to establish an immunologically effective response 
to eliminate the transplanted cells. 

Host tissue antigens are presented to donor T cells, which activate them and initiate 
an immune response against the host with the secretion of inflammatory cytokines such 
as tumor necrosis factor-alpha (TNF-alpha) and interleukins 1 (IL-1) and 6 (IL-6) [16]. 

2.1 Agent 

GVHD is caused by the presence of T cells in transplanted organs, marrow, or 
blood, and the recipient is unable to mount an immunologically effective response to 
eliminate those donor T cells [17, 18], or prophylaxis to prevent the immune response 
with cyclosporine, methotrexate, or steroids was not effective [19]. 

The donor T cell recognition response that induces GVHD is mostly directed 
against the host major histocompatibility complex (HMHC) or mismatches between 
minor histocompatibility antigens (MHA) [20]. Recognition of mismatches in the 
polymorphic MHC class I chain-related gene A or MICA is a factor for the develop-
ment of GVHD [21]. 

This immune response with release of proinflammatory cytokines induces 
pathophysiological changes that will lead to the clinical form of GVHD, in the form 
of immunocompetent effector T lymphocytes responding to polymorphic and non-
polymorphic antigens of the donor/recipient with activation, inflammation, and 
cytolytic activity [22]. 

2.2 Host 

For GVHD to occur, the person must have undergone a bone marrow or hemato-
poietic cell transplant. Theoretically, it could also occur in organ transplants. 
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The host at risk for GVHD is patients who have malignancies or any disease requir-
ing transplants and whose prophylactic regimen to prevent this immune response has 
been ineffective. 

Risk factors for developing GVHD are [23]: 

• Peripheral hematopoietic cells with mobilized growth factor, 

• Unrelated or mismatched donor grafts, 

• Sex disparity between donor and recipient, i.e., female to male transplant or vice 
versa, 

• Recipient with advanced age, 

• Intensity of the conditioning regimen, 

• Multiparous female donor [19]. 

For this to occur, Antin and Ferrara [24] described a three-step process for the 
development of GVHD: 

i. Host tissue damage with production of inflammatory cytokines, 

ii. Stimulation and production of effector T cells (Teff); and 

iii. Recruitment and activation of mononuclear effectors and amplification of the 
cytokine storm. 

Immune reconstitution after HSCT may result in: 

i. Natural immune restoration of protective immunity with host tolerance, 

ii. Functional tolerance with anti-graft pathology effects, or 

iii. Dysregulation and alloreactivity causing aGVHD or later cGVHD [25]. 

Another important aspect is glucose metabolism which plays an important role in 
inflammation [26], and glycolysis is essential for T cell activation, supporting their 
growth and proliferation [27]. Increased glycolytic activity has been reported in T 
cells when activated by allo-antigens [28]. Therefore, patients with impaired glucose 
metabolism undergoing HSCT will be at risk of developing GVHD. 

Activated AMP-protein kinase has been reported to be a driver of oxidative 
metabolism, restricting anabolism and promoting catabolic pathways including 
oxidative phosphorylation and autophagy [29]. Increased AMPK phosphorylation 
has been found in alloreactive T cells, and genetic deletion of AMPK in donor T cells 
showed a protective effect against GVHD [30]. 

2.3 Environment 

There is no evidence of environmental factors that are considered for the pre-
sentation of GVHD, although there is evidence for the development of pathologies 
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that led to the development of the original disease, which led to hematopoietic cell 
transplantation. 

In Mexico, in a study of patients who underwent allogeneic hematopoietic cell 
transplantation, they did not find that geographic factors were a risk factor for 
GVHD [31]. 

Gómez-De León et al. [31] report that access to private insurance coverage for 
allogenic HSCT showed an association with improved survival and reduced mortality 
not due to relapse. 

3. Conclusion 

The main way to prevent GVHD is to prevent people from developing the diseases 
for which HSCT is needed, so that the ecological triad remains balanced. 

For those who have already developed these diseases, they should avoid the agent 
and host factors that lead to GVHD. 

The balance between the agent, the host, and the environment maintains the 
health of the individual, and the appearance of GVHD will be delayed. 

If the patient receives HBST, marrow or organ transplant, they should be managed 
with a chemoprophylaxis regimen to avoid the immune response to transplant. 
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Chapter 2

Primary and Secondary Prevention: 
Health Education, Health 
Promotion, and Specific Protection 
Ana Elisa J. Nieto, Mónica Natalia Morales García, 
María José Vázquez Reynoso, Carlos García Tapia 
and Aarón Humberto Ramírez Mora 

Abstract 

Graft-versus-host disease (GVHD) is a serious immune complication after an 
allogeneic hematopoietic stem cell transplant, where donor cells attack the recipient’s 
tissues, mainly affecting the skin, gastrointestinal tract, and liver. It is classified as 
acute (aGVHD), occurring within 100 days post-transplant, or chronic (cGVHD), 
which appears later with autoimmune-like symptoms. Risk factors include human 
leukocyte antigen (HLA) mismatch, advanced recipient age, donor sex, and the 
intensity of the pre-transplant regimen. Prevention strategies involve genetic testing, 
careful donor selection, and immunosuppressive therapy with calcineurin inhibitors 
and corticosteroids. Interdisciplinary management, including specialists such as 
hematologists, dermatologists, and nutritionists, is crucial for secondary prevention. 
Early detection of symptoms like rashes, jaundice, and severe diarrhea allows timely 
intervention to reduce organ damage. Patient education improves treatment adher-
ence and quality of life. Preventive measures such as vaccination, infection control, 
and optimized immunosuppression help reduce GVHD severity. New research focuses 
on gut microbiome modulation, cellular therapies, and biomarkers to predict disease 
progression. These approaches aim to enhance survival and reduce long-term compli-
cations in transplant recipients. 

Keywords: acute GVHD, chronic GVHD, health education, pre-transplant vaccination, 
immunosuppressive therapy, infection prevention, antimicrobial prophylaxis 

1. Introduction 

Graft-versus-host disease (GVHD) is a complex clinical syndrome arising as
a major complication that can result after an allogeneic hematopoietic stem cell 
transplant. When immunocompetent donor cells recognize the recipient’s tissues 
as foreign, they attack them; skin, liver, and gastrointestinal (GI) tract are often 
affected [1]. 
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We can classify GVHD in two main forms considering its natural course: Acute 
Graft-Versus-Host-Disease (aGVHD) presents itself during the first 100 days post-
transplant with maculopapular rash, nausea, abdominal pain, and profuse diarrhea. 
As for chronic Graft-Versus-Host-Disease (cGVHD) develops after 100 days and 
involves multiple organs with autoimmune disease-like symptoms and signs. Various 
risk factors influence its progression, including human leukocyte antigen (HLA) 
mismatches between donor and recipient, advanced recipient age, donor gender 
(particularly in multiparous female donors), the intensity of the pre-transplant 
conditioning regimen, and source of stem cells (peripheral blood) [1, 2]. 

2. Primary prevention - Health education and health promotion 

2.1 Basic concepts, types, and risk factors 

As mentioned before, GVHD is an immune-mediated complication that may 
occur after an allogeneic stem cell transplant, characterized by a donor T-cell immune 
response against recipient tissues. Acute and chronic GVHD show separate clinical 
and temporal characteristics [1]. 

aGVHD: It mainly affects the skin, liver, and GI tract; symptoms include maculo-
papular rash, which may progress to more severe lesions; liver dysfunction, marked 
by elevated serum bilirubin levels; and GI symptoms such as nausea, vomiting, 
abdominal pain, and profuse diarrhea. Its severity is graded from I to IV based on the 
extent and severity of organ involvement. 

cGVHD: Although it is described as an entity that develops 100 days post-
transplant, its onset may vary. Unlike aGVHD, it can affect almost any organ and 
mimics systemic autoimmune diseases, such as scleroderma and lichen planus. Ocular 
involvement frequently manifests as dry eye syndrome. Other symptoms include dry 
mouth, liver dysfunction, obstructive lung disease, and GI involvement. Chronic 
GVHD is classified as mild, moderate, or severe, depending on the extent of organ 
involvement and its impact on the patient’s quality of life. The most commonly 
affected organs, in descending order, are the skin, mouth, liver, eyes, intestines, 
lungs, vagina, esophagus, joints, nails, muscles, and serosa [1, 2]. 

Traditionally, acute and chronic GVHD were distinguished by their onset before 
or after 100 days post-transplant. However, they are now categorized depending on 
distinct pathophysiological mechanisms and clinical presentation. In the early stages, 
inflammatory changes prevail due to alloimmune reactivity. Over time, autoim-
mune and immunodeficiency processes lead to tissue damage through fibrosis and 
repair mechanisms. Although GVHD follows a dynamic and overlapping course, not 
all patients develop both forms, as they emerge from different pathophysiological 
mechanisms and are studied separately. According to the latter, the National Health 
Institutes classifies the disease as classic aGVHD; persistent, recurrent, or late-onset 
aGVHD; classic cGVHD, and overlap syndrome [2]. 

2.1.1 Risk factors 

Several factors increase the risk of developing GVHD, including HLA disparity 
between donor and recipient, advanced age of both, and donor gender, particularly 
when a female donates to a male recipient. Additionally, the use of peripheral blood 
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stem cells instead of bone marrow and the intensity of the pre-transplant condition-
ing regimen can influence GVHD incidence and severity [1, 3]. 

2.2 Patient and family education 

Education and preparing patients and their families or support networks is 
essential for improving clinical outcomes and quality of life. They must understand 
the associated risks and the possibility of developing GVHD. This also allows early 
recognition of symptoms, leading to timely intervention and reduced morbidity; 
treatment adherence and active participation in the recovery process are related to 
this education as well [4]. 

Early detection of GVHD is critical for effective management. The onset can 
be insidious, with symptoms often being mild and overlooked by the patient until 
significant organ damage occurs. Patients and caregivers should be aware of the fol-
lowing symptoms: 

Skin: Rashes, redness, or peeling. 
Gastrointestinal tract: Persistent diarrhea, nausea, vomiting, or abdominal pain. 
Liver: Jaundice (yellowing of the skin and eyes), dark urine, or abdominal 

swelling. 
Eyes: Dry eyes or excessive tearing. 
Structured educational programs with patient-oriented informative sessions 

might be helpful for patients and families. Educational pamphlets have proven to be 
effective too, as patients can keep them as reminders or tools for monitoring their 
condition [5]. 

2.3 Nutrition and lifestyle 

A multidisciplinary approach is essential for these patients. Proper nutrition and 
a healthy lifestyle are critical for minimizing the risk of GVHD and improving the 
quality of life for affected patients [6]. 

A balanced diet is key to strengthening the immune system and promoting post-
transplant recovery. A diet rich in proteins, vitamins, and minerals, including fresh 
fruits and vegetables, whole grains, and lean protein sources, is recommended. It 
is crucial to avoid foods that may be contaminated or difficult to digest, such as 
raw or undercooked foods, to reduce the risk of infections. In some cases, a bland, 
lactose-free diet may be suggested to aid digestion and minimize gastrointestinal 
discomfort [7, 8]. 

2.3.1 Infection control 

Bacterial, viral, or fungal infections in post-transplant patients require focused 
attention, especially in those at high risk for or diagnosed with GVHD. Strict hygiene 
measures, such as frequent handwashing and surface disinfection, must be followed. 
Additionally, avoiding contact with sick individuals and crowded places, such as 
hospitals or healthcare centers, is advised to reduce exposure to pathogens [9]. 

2.3.2 Healthy habits 

Maintaining healthy habits contributes to faster recovery and better quality of 
life. Moderate physical exercise, tailored to the patient’s capabilities, is recommended 
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to improve blood circulation and strengthen the cardiovascular system. It is also 
essential to maintain proper hydration and avoid harmful substances, such as alcohol 
and tobacco, which can impair immune function and increase the risk of infections or 
other complications [1, 7]. 

2.4 Emotional and psychological support 

In addition to conventional medical treatments, emotional and psychological sup-
port plays a crucial role in managing graft-versus-host disease (GVHD), as stress and 
negative emotions can influence the patient’s immune response. 

2.4.1 Stress reduction strategies 

Adopting stress management techniques is essential for patients with GVHD. 
Practices such as meditation, deep breathing, and mindfulness have proven effective 
in reducing anxiety and improving overall well-being. These techniques help patients 
focus on the present moment, decreasing worry about the future and promoting 
relaxation [10]. 

Additionally, engaging in activities that promote relaxation, such as therapeutic 
music, can have a positive impact on mood and stress reduction. For example, the 
foundation Musicians for Health has implemented micro-concerts in hospitals, 
demonstrating that music can enhance the well-being of both patients and healthcare 
professionals [11]. 

2.4.2 Impact on immunity 

Chronic stress can negatively affect the immune system, increasing susceptibility 
to infections and complications. Therefore, effective stress management not only 
improves emotional well-being but also has direct benefits for the patient’s physical 
health. Reducing stress contributes to better immune function, which is vital for the 
recovery and management of GVHD. 

2.4.3 Caregiver support 

It is important to recognize that caregivers of patients with GVHD also face 
significant emotional challenges. Providing them with psychological support and 
self-care strategies is essential for their well-being and the quality of care they offer. 
Support programs and educational resources can help caregivers manage the stress 
and emotions associated with caring for a loved one with GVHD [12]. 

2.4.4 Treatment adherence 

The multidisciplinary approach, which includes psychological support, also 
influences treatment adherence, such as taking immunosuppressive medications 
and following other prophylactic measures. It is crucial that patients strictly follow 
medical instructions regarding dosing and administration schedules to ensure the 
treatment’s effectiveness. Non-adherence can increase the risk of disease development 
and compromise therapy outcomes. Patients must understand the importance of fol-
lowing medical recommendations and maintain constant communication with their 
healthcare team to address any concerns and adjust treatments as necessary [13, 14]. 
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2.5 Pre-transplant vaccination 

For vaccination in patients undergoing allogeneic hematopoietic stem cell trans-
plantation, the state of immunosuppression, the impact of immunosuppressive 
treatments, and the risk of graft-versus-host disease (GVHD) relapse must be evalu-
ated. Regarding the patient’s condition, vaccination is delayed until immune recon-
stitution is achieved, which varies from 6 to 12 months post-transplant. However, if 
active acute GVHD or immunosuppressive use is present, vaccination may be further 
postponed. In the case of active chronic GVHD or GVHD dependent on immunosup-
pression, vaccination is modified based on the patient’s stability [15]. 

Vaccines that are recommended include inactivated vaccines, administered 
according to the recommended schedule. For example, the influenza vaccine is 
recommended annually during the winter season. Additionally, conjugate vac-
cines against pneumococcus (PCV13) and polysaccharide vaccines (PPSV23), the 
Haemophilus influenzae type B (Hib) vaccine, the hepatitis B (HBV) vaccine, tetanus, 
diphtheria, and whooping cough vaccines (Tdap or Td), and the meningococcal 
ACWY and B vaccines for patients at risk are also recommended [15, 16]. Live 
attenuated vaccines, such as the measles, mumps, and rubella (MMR) vaccine and 
the varicella vaccine, are contraindicated due to the high risk of disseminated infec-
tion from the vaccine strain. These vaccines can be administered in patients with 
controlled GVHD, without immunosuppression, and at least 24 months after trans-
plantation [17]. 

The vaccination schedule should be individualized based on the patient’s charac-
teristics and the recommendations of the country, considering local incidence. 

A typical schedule begins between 6 and 12 months post-transplant (if there is no 
active GVHD): 

• 6–12 months: Influenza, PCV13, Hib, hepatitis B, Tdap. 

• 12–24 months: PPSV23, meningococcus, hepatitis A (if necessary). 

• 24+ months (without active immunosuppression): MMR and varicella, if 
indicated [18]. 

Genetic Counseling and Pre-transplant Testing: Identifying Potential 
Incompatibilities to Prevent Graft-versus-Host Disease (GVHD). 

Genetic counseling and pre-transplant testing are crucial for preventing graft-
versus-host disease (GVHD), transplant success, and reducing complications. The 
success of the transplant depends largely on the compatibility between the donor and 
recipient, as well as the evaluation of genetic and immunological factors [19]. 

2.6 Key aspects of genetic counseling and pre-transplant testing 

2.6.1 HLA typing (human leukocyte antigen) 

• The most critical component for selecting compatible donors. It includes: 

⚬ HLA-A, HLA-B, HLA-C (Class I) 

⚬ HLA-DRB1, HLA-DQB1 (Class II) 
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• An identical HLA match (10/10) is required for both related and unrelated 
allogeneic transplants. 

• HLA mismatches can increase the risk of GVHD and graft failure [20]. 

2.6.2 Evaluation of minor histocompatibility alleles 

These are recognized by the immune system and can trigger GVHD. 

2.6.3 Additional immunogenetic testing 

• Hematopoietic chimerism: Determines the presence of donor and recipient 
cells post-transplant. Useful for assessing the likelihood of rejection 
or GVHD. 

• KIR typing (Killer Immunoglobulin-like Receptors): Evaluates NK cell immune 
receptors. 

• Genetic polymorphisms: Factors like IL-10, TNF-α, and other inflammation-
related genes can influence the severity of GVHD. 

2.6.4 Evaluation of anti-HLA antibodies 

Patients may develop anti-HLA antibodies through previous transfusions, 
pregnancies, or transplants. The presence of these antibodies is associated with an 
increased risk of rejection and GVHD. 

2.6.5 Genetic counseling for underlying diseases 

Identifying genetic mutations associated with hereditary hematological diseases 
can influence patient preparation for transplantation [19, 20]. 

2.6.6 Strategies for preventing GVHD with pre-transplant testing 

• Rigorous donor selection: 

Prefer HLA-identical related donors. 
Consider umbilical cord stem cell banks if no compatible donor is available. 

• Pre-transplant conditioning: 

Adjust the conditioning regimen based on the immunological risk identified in 
genetic testing. 

• Post-transplant immunoprophylaxis: 

Reduce the immune response of the graft with agents such as cyclosporine, 
tacrolimus, methotrexate, cyclophosphamide, or antithymocyte globulin [21]. 
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2.7 Immunity and infection prevention 

Patients undergoing transplantation often have a compromised immune system 
due to their underlying disease and prior treatments, such as chemotherapy and 
radiation therapy. 

2.7.1 Pre-transplant care to strengthen immunity 

Pre-transplant Vaccination: The goal is to protect the patient against preventable 
infections during immunosuppression. 

Recommended vaccines: 

• Influenza (inactivated virus) 

• Pneumococcus (PCV13 and PPSV23) 

• Hepatitis B 

• Haemophilus influenzae type B (Hib) 

• Tetanus, diphtheria, and whooping cough (Tdap) 

• Meningococcus (ACWY and B, if necessary) 

• Live attenuated vaccines (e.g., measles and varicella) should be administered at 
least 4 weeks before starting the conditioning regimen. 

2.7.2 Treatment of active infections 

Identify and treat any active infections before the transplant (bacterial, viral, 
fungal, and parasitic infections). 

Diagnostic tests are recommended to determine the source of infection: 

• Blood cultures, urine cultures, and secretion cultures. 

• Serologies for latent viruses like CMV, EBV, HBV, HCV, and HIV. 

• Tuberculosis tests. 

• Evaluation for fungal diseases, such as galactomannan in at-risk patients. 

2.7.3 Antimicrobial prophylaxis 

Initiate prophylaxis based on the patient’s risk: 

• Bacterial: Fluoroquinolones in patients with prolonged neutropenia. 

• Fungal: Azoles (fluconazole and voriconazole) in patients at high risk for fungal 
infections. Trimethoprim-sulfamethoxazole to prevent Pneumocystis jirovecii. 

• Viral: Acyclovir or valacyclovir in seropositive patients for herpes simplex or 
varicella-zoster. 
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2.7.4 Nutritional assessment 

Improving nutritional status is crucial since malnutrition compromises immunity. 
A diet rich in proteins, vitamins (A, C, D, and E), and minerals (zinc and selenium) is 
recommended, along with supplementation if deficiencies are present. 

2.7.5 Oral care 

Reduces the risk of oral infections that could complicate the transplant. It is 
essential to treat cavities, gingivitis, or abscesses before the procedure. 

2.7.6 Reducing exposure to pathogens 

Frequent handwashing, wearing masks in high-risk environments, and avoiding 
contact with sick individuals. 

2.7.7 Latent infection assessment 

Viral reactivations are common, and identifying latent carriers allows for appro-
priate prophylaxis or monitoring. 

2.7.8 Physical conditioning 

Maintain a moderate exercise routine tailored to the patient’s tolerance to 
strengthen the immune system and enhance post-transplant recovery [22, 23]. 

3. Secondary prevention - Specific protection 

3.1 Early identification 

3.1.1 Clinical signs 

• Acute GVHD: 

⚬ Skin (50–75% of cases): 

⚬ Appears as an erythematous maculopapular rash that starts on palms, soles, 
and trunk, potentially spreading. 

⚬ Severe desquamation or blister formation. 

⚬ Liver: 

⚬ Elevation of total bilirubin, transaminases, and alkaline phosphatase. 

⚬ Jaundice and hepatomegaly in advanced cases. 

⚬ Gastrointestinal tract: 
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⚬ Watery diarrhea (>500 ml/day). 

⚬ Abdominal pain, nausea, vomiting, and gastrointestinal bleeding. 

• Chronic GVHD: 

⚬ Skin changes similar to scleroderma. 

⚬ Xerostomia and alterations in oral mucosa. 

⚬ Dry eye syndrome. 

⚬ Obliterative bronchiolitis. 

⚬ Progressive liver dysfunction [24]. 

3.1.2 Diagnostic tests 

• Biopsy of affected tissues: 

⚬ Gold standard for confirming the diagnosis. 

Typical findings: keratinocyte apoptosis in the skin, lymphocytic infiltration in 
the liver, and crypt atrophy with apoptosis in the intestines. 

• Liver evaluation: 

⚬ Liver profile: elevated conjugated bilirubin, transaminases, and alkaline 
phosphatase. 

• Imaging tests: 

⚬ Endoscopy or colonoscopy. 

⚬ Liver ultrasound. 

• Tests to exclude other causes: 

⚬ Stool cultures to identify pathogens. 

⚬ Serological tests and PCR for viral infections [25]. 

3.1.3 Biomarkers: To detect early stages and predict severity 

• Acute GVHD biomarkers: 

⚬ ST2 (interleukin-1 signaling suppressor): Elevated in the presence of intestinal 
damage, indicating higher mortality. 

⚬ Reg3α (regenerating islet-derived protein 3-alpha): Indicates intestinal damage. 
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⚬ Elafin: Indicates skin damage. 

⚬ Soluble IL-2R (sIL-2R): Elevated in active GVHD due to T-cell activation. 

• Chronic GVHD biomarkers: 

⚬ BAFF (B-cell activating factor): Associated with B-cell activation. 

⚬ CXCL9 and CXCL10: Indicators of inflammation [26]. 

3.2 Adjusted immunosuppressive therapies 

Optimizing immunosuppressive therapies in post-transplant patients aims to 
balance the prevention of graft-versus-host disease (GVHD) with maintaining 
adequate immune function to prevent infections and other complications. This is 
achieved through the customization of the immunosuppressive regimen based on 
factors such as the risk of GVHD, the patient’s clinical condition, and the response 
to treatment. 

3.2.1 Principles of immunosuppressive treatment optimization 

• Individualization: 

Adjustments based on weight, liver and kidney function, and patient tolerance. 

• Therapeutic drug monitoring (TDM): 

Regular assessment of serum levels to avoid toxicity or therapeutic failure. 

• Stepwise strategies: 

Use of combinations of low doses of multiple agents to minimize side effects 
[23, 24]. 

3.2.2 Common immunosuppressive medications 

• Calcineurin inhibitors: 

⚬ Drugs: Cyclosporine and tacrolimus. 

⚬ Mechanism: Block T-cell activation. 

⚬ Optimization: 

⚬ TDM: Cyclosporine serum levels (100–400 ng/mL) and tacrolimus 
(5–20 ng/mL). 

⚬ Side effects: Nephrotoxicity, hypertension, and diabetes. 

• Antimetabolites: 
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⚬ Drugs: Mycophenolate mofetil (MMF) and methotrexate. 

⚬ Mechanism: Inhibit lymphocyte proliferation. 

⚬ Optimization: 

⚬ Dose adjustment based on renal function. 

⚬ Side effects: Myelosuppression, diarrhea. 

• Corticosteroids: 

⚬ Drug: Prednisone. 

⚬ Mechanism: Inhibit inflammatory response and T-cell activation. 

⚬ Optimization: 

⚬ Short-term use to control acute episodes. 

⚬ Gradual reduction to avoid long-term side effects (osteoporosis and 
hyperglycemia). 

• Biological agents: 

⚬ Drugs: Antithymocyte globulin (ATG), rituximab, and infliximab. 

⚬ Mechanism: Act on specific lymphocytes or inflammatory molecules. 

⚬ Optimization: 

⚬ Used in severe or refractory cases. 

⚬ Monitoring for opportunistic infections. 

• mTOR inhibitors: 

⚬ Drugs: Sirolimus and everolimus. 

⚬ Mechanism: Block IL-2-mediated cell proliferation. 

⚬ Optimization: 

⚬ Considered as an alternative in cases of nephrotoxicity from calcineurin 
inhibitors. 

⚬ Monitoring of serum levels (5–15 ng/mL). 

3.2.3 Adjusting treatment based on risk 

• Low-risk GVHD patients: Monotherapy with a calcineurin inhibitor or sirolimus. 

• High-risk GVHD patients: Combination therapy with a calcineurin inhibitor, 
mycophenolate, and corticosteroids. 
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• ATG prophylaxis in some cases. 

• Acute GVHD: 

Mild to moderate: Increase corticosteroids (2 mg/kg/day of prednisone). 

Severe: Inclusion of biological agents (infliximab or ruxolitinib). 

• Chronic GVHD: 

Substitute corticosteroids with mTOR inhibitors or rituximab to minimize long-
term toxicity. 

3.2.4 Emerging strategies 

• Cyclophosphamide 

• Targeted Therapies: 

JAK inhibitors (e.g., ruxolitinib) for refractory cases. 

• Cellular Therapies: 

Use of regulatory T-cells (Tregs) to modulate the immune response. 

• Predictive Biomarkers: 

Incorporating biomarkers (ST2 and Reg3α) to personalize dosing [26, 27]. 

3.3 Antimicrobial prophylaxis 

Antimicrobial prophylaxis, including the use of antibiotics, antivirals, and anti-
fungals, is essential in the secondary prevention of GVHD, as infections can trigger or 
worsen the disease. 

3.3.1 Antibiotics 

Prophylactic administration of broad-spectrum antibiotics is common in post-
transplant patients to prevent bacterial infections. However, it is crucial to adjust 
the antibiotic regimen based on the patient’s microbiota and the local prevalence of 
resistant pathogens. The indiscriminate use of antibiotics can lead to the selection of 
resistant microorganisms, complicating the management of future infections. 

3.3.2 Antivirals 

Antiviral prophylaxis is key to preventing infections by viruses such as cytomega-
lovirus (CMV), which can be reactivated in immunocompromised patients. The 
use of antiviral medications, such as valganciclovir, is recommended for patients at 
high risk of viral reactivation. Regular monitoring of viral load is essential to adjust 
therapy and prevent CMV reactivation, which can trigger or worsen GVHD. 
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3.3.3 Antifungals 

Antifungal prophylaxis is necessary to prevent fungal infections, especially in 
patients with prolonged neutropenia. The use of broad-spectrum antifungals, such as 
posaconazole, is recommended for patients at high risk of invasive fungal infections. 
Monitoring of liver and kidney function is essential during antifungal therapy to 
prevent adverse effects and adjust dosing as needed [28]. 

3.4 Post-transplant immunization 

Post-transplant immunization is essential for maintaining adequate protection 
against infections, as the immunosuppressive regimen used to prevent GVHD can 
compromise the patient’s immune response. 

3.4.1 Considerations for post-transplant immunization 

3.4.1.1 Evaluation of the patient’s immunological status 

Before starting any vaccination regimen, it is crucial to assess the patient’s immune 
function, considering factors such as the type of transplant, the intensity of the 
conditioning regimen, and the time elapsed since the transplant. 

3.4.1.2 Vaccination schedule 

It is recommended to begin immunization with inactivated vaccines at least 
6 months after the transplant, once the immune function has stabilized. Live attenu-
ated vaccines should be avoided during the first 2 years post-transplant due to the risk 
of associated illness. 

3.4.1.3 Recommended vaccines 

The recommended inactivated vaccines include influenza, pneumococcal, hepa-
titis B, tetanus-diphtheria-acellular pertussis (Tdap), and herpes zoster vaccines. 
Pneumococcal vaccination is especially important, as post-transplant patients are at 
higher risk for pneumococcal infections. 

3.4.1.4 Monitoring the immunological response 

It is essential to evaluate the response to vaccines by measuring antibody titers. In 
case of an insufficient response, additional doses or the use of specific immunoglobu-
lins can be considered. 

3.4.1.5 Patient education and follow-up 

Patient education on the importance of immunization and regular follow-up are 
crucial to ensure adequate protection against infections [28, 29]. 

3.5 Dermatological and gastrointestinal care 

Target organ involvement, such as the skin and gastrointestinal tract, is com-
mon in graft-versus-host disease (GVHD). Secondary prevention, focusing on the 
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specific protection of these organs, is essential for improving outcomes in post-
transplant patients. 

3.5.1 Dermatological care 

The skin is one of the primary organs affected by GVHD. Preventing skin lesions 
and protecting against infections are critical. The use of emollients is recommended 
to maintain skin hydration and prevent dryness. Additionally, it is crucial to avoid 
exposure to the sun and excessive heat, as the skin of post-transplant patients is more 
susceptible to damage. Regular skin monitoring allows for the early detection of 
lesions and timely intervention. 

3.5.2 Gastrointestinal care 

The gastrointestinal tract is also a target organ in GVHD. Preventing gastrointes-
tinal infections and managing symptoms such as diarrhea are essential. A balanced 
and appropriate diet is recommended, avoiding foods that may irritate the digestive 
tract. Proper hydration is crucial to prevent dehydration associated with diarrhea. 
Additionally, monitoring gastrointestinal signs and symptoms is important for early 
intervention. 

Implementing specific measures for the protection of the skin and gastrointes-
tinal tract is essential in the secondary prevention of GVHD. Comprehensive care, 
including appropriate dermatological and gastrointestinal management, along with 
constant monitoring, can significantly improve the quality of life and outcomes in 
post-transplant patients [30]. 

3.6 Early therapeutic interventions: Strategies to limit disease progression when 
detected early 

The implementation of early therapeutic interventions is essential in the second-
ary prevention of GVHD, aiming to minimize the incidence and severity of the 
disease. 

3.6.1 Early intervention strategies 

3.6.1.1 Pharmacological prophylaxis 

The administration of immunosuppressive agents, such as tacrolimus and metho-
trexate, has been established as an effective strategy to prevent GVHD. These medica-
tions inhibit the activation and proliferation of T-cells from the graft, reducing the 
immune response against the host. Recent studies have shown that these prophylactic 
regimens are equally effective in preventing GVHD, although overall survival may be 
slightly lower in patients receiving T-cell depletion. 

3.6.1.2 T-cell depletion 

The removal of T-cells from the graft before transplantation may reduce the inci-
dence of GVHD. However, this strategy may be associated with lower overall survival 
compared to other prophylactic regimens. 
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3.6.1.3 Gut microbiome modulation 

Recent research suggests that manipulating the gut microbiome could influence 
the incidence of GVHD. Ongoing studies are investigating whether increasing intesti-
nal bacterial diversity can reduce the risk of developing GVHD. 

3.6.1.4 Cellular and gene therapies 

Therapies that modulate the immune response by manipulating T-cells or geneti-
cally modifying them are being investigated, with the goal of preventing GVHD 
without compromising graft efficacy. 

3.6.2 Importance of early intervention 

Early identification and treatment of GVHD are crucial for improving outcomes in 
post-transplant patients. The implementation of therapeutic strategies from the early 
post-transplant stages can reduce the morbidity and mortality associated with GVHD. 

Early therapeutic interventions are critical in the secondary prevention of GVHD. 
A combination of pharmacological prophylaxis, T-cell depletion, gut microbiome 
modulation, and cellular therapies provides a comprehensive approach to minimize 
the incidence and severity of GVHD, thereby improving the quality of life and long-
term outcomes for transplant recipients. 

3.7 Interdisciplinary support 

The implementation of an interdisciplinary healthcare team is essential in the second-
ary prevention of GVHD, as it enables comprehensive and personalized patient care. 

GVHD affects multiple organ systems, including the skin, gastrointestinal tract, and 
liver. A diverse healthcare team, composed of hematologists, immunologists, derma-
tologists, gastroenterologists, nutritionists, and psychologists, among others, is crucial 
for addressing the various manifestations of the disease and its complications [7, 31]. 

3.7.1 Key roles of the interdisciplinary team 

3.7.1.1 Evaluation and diagnosis 

Each specialist contributes their expertise to a thorough evaluation of the patient, 
enabling accurate and early diagnosis of GVHD. 

3.7.1.2 Therapeutic planning 

Collaboration among professionals allows for the design of a personalized treat-
ment plan that considers the individual characteristics of each patient and the specific 
manifestations of GVHD. 

3.7.1.3 Monitoring and follow-up 

Constant monitoring of patients is essential to detect complications early and 
adjust treatment as needed. 
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3.7.1.4 Emotional and psychological support 

GVHD can significantly impact the patient’s quality of life. Psychological support 
is crucial to help the patient and their family cope with the emotional challenges 
associated with the disease and treatment [32]. 

4. Conclusion 

Both primary and secondary prevention require a multidisciplinary team since 
this is key in preventive aspects as well as the follow-up of the patient and the fam-
ily in order to achieve a greater quality of life and treatment adherence, hence lower 
morbidity and mortality. 
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Abstract 

Graft-versus-host disease, in its acute and chronic presentation, is one of the 
pathologies that require timely diagnosis since it is one of the most common causes 
of morbidity and mortality associated with hematopoietic stem cell transplanta-
tion when it is performed on patients who, due to some medical situation, require a 
transplant, receiving a graft by chimerism. In this case, chimerism originates through 
the transplant of an organ or bone marrow from another person (donor). This condi-
tion can occur because the recipient has organs from two genetically different living 
beings, so some cells or tissues in a person’s body contain at least two types of DNA. 
The timeliness of diagnosis is directly related to the early identification of signs and 
symptoms, so this chapter reviews the clinical manifestations of graft vs. host disease 
with the purpose of providing specific treatment in a timely manner. In the acute 
form, it manifests with skin changes such as maculopapular rash and jaundice and is 
accompanied by diarrhea. In the chronic form, it generally affects multiple organs, 
manifesting in the skin, eyes, mouth, lungs, genitals, gastrointestinal tract, and 
musculoskeletal system. An additional review of the differences between acute and 
chronic forms of host versus graft disease is carried out. 

Keywords: graft versus host disease, early diagnosis, symptoms, signs, acute GVHD, 
chronic GVHD 

1. Introduction 

Hematopoietic stem cell transplantation (HSCT) is a therapy used to treat high-
risk malignant hematologic disorders and other life-threatening hematologic and 
genetic diseases [1]. 

Graft-versus-host disease (GVHD) is the main complication of allogeneic hema-
topoietic stem cell transplantation and organs containing lymphoid cells. Considered 
a major complication of allogeneic hematopoietic cell transplantation, it occurs when 
the immune cells of the graft donor become sensitized and attack the host tissues [2]. 
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It is a multisystem disease and is based on the recognition of the recipient’s tissues 
by the donor’s inherited immunity. 

It has two forms of presentation, acute and chronic, with particular clinical, 
immunological, and histological characteristics depending on its pathophysiology and 
clinical presentation [3, 4]. 

2. Clinical data 

The initial designation of GVHD was proposed by Billingham in 1966 [5], who 
stated the following criteria for the presentation of this entity: the graft must contain 
immunologically competent cells, the recipient must express tissue antigens that are 
not present in the transplant donor, and the patient must be unable to generate an 
effective response to eliminate the transplanted cells. 

2.1 Acute GVHD 

In acute disease occurring within 3 months after transplantation [6], the appear-
ance of maculopapular rash, jaundice, and diarrhea is characterized. While in 
chronic disease, it tends to affect multiple organs and is characterized by involve-
ment of the skin, eyes, mouth, lungs, genitals, gastrointestinal tract, and musculo-
skeletal system [2]. 

According to the American Society for Blood and Marrow Transplantation 
(ASBMT), the acute form is classified as classic when it occurs before 100 days post-
transplant or in the context of a donor lymphocyte infusion (DLI) and may present 
with maculopapular rash, nausea, vomiting, anorexia, diarrhea, ileus, and cholestatic 
hepatitis; the persistent, recurrent, or late-onset acute occurs after 100 days post-
transplant or a DLI. It presents the clinical characteristics of classic acute GVHD 
without diagnostic or distinctive manifestations of chronic GVHD (Table 1) [6]. 

2.1.1 Cutaneous manifestations 

Erythematous papular rash, which may be asymptomatic, pruritic, or painful. 
This occurs between days 7 and 21 post-transplant, mainly affecting the palms and 
soles. It then spreads to the earlobes, cheeks, neck, and trunk, and from there, it can 

Grade Skin Liver Gastrointestinal Functional impairment 

0 (None) 0 0 0 0 

I (Mild) 1–2 0 0 0 

II (Moderate) 1–3 1 1 1 

III (Severe) 2–3 2–3 2–3 2 

IV (Threat to life) 2–4 2–4 2–4 3 

Each grade is based on the highest stage for each organ involved. 
Each column identifies the lowest stage for each organ. 
Grade IV may also include lesser organ involvement but with a large decrease on the functional rating scale [7]. 

Table 1. 
Clinical grades of aGVHD according to Seattle’s criteria. 
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merge and involve the entire skin. The rash may be scarlatiniform, with subsequent 
peeling and evolution with hyperpigmented areas. 

There is a hyperacute variant that is very rare; it occurs between the first and the 
second week post-transplant and includes fever, rapid progression of the rash with 
epidermal detachment, blistering lesions, a positive Nikolsky sign, and involvement 
of mucous membranes. 

This variant resembles toxic epidermal necrolysis and is the most severe form of 
acute cutaneous GVHD [6–9]. 

2.1.2 Gastrointestinal manifestations 

Nausea, vomiting, diarrhea when there is decreased intestinal absorption, abdom-
inal pain, and ileus may indicate severe involvement. 

Liver involvement manifests with increased transaminases (TGP) and direct 
bilirubin, hepatomegaly, and jaundice [8, 9]. 

2.2 Chronic GVHD 

The chronic GVHD (cGVHD) is similar to autoimmune diseases such as sclero-
derma; histologically, there is a marked increase in collagen deposition and fibrosis 
in the affected organs, associated with a high production of autoantibodies. Donor T 
cells recognize specific host antigens in the skin and blood that trigger alloreactivity 
and autoreactivity phenomena. The appearance of hemolytic anemia, thrombocyto-
penia, anti-lymphocyte antibodies, and autoantibodies against the nucleus, nucleolus, 
smooth muscle, thyroid, and skin has been demonstrated [10]. 

2.2.1 Classification of cGVHD according to the ASBMT 

Classic chronic: This is the type of GVHD that, regardless of the time of onset, 
does not present characteristics of acute GVHD [2, 11, 12]. It presents with manifesta-
tions that can be attributed solely to cGVHD [2]. Its manifestations on the skin are: 
poikiloderma, lichen planus-like lesions, scleroderma, morphea-like, and lichen 
sclerosis-like lesions. In the mouth: lichen-like lesions, hyperkeratotic plaques, or 
restriction of mouth opening due to sclerosis). 

Overlap syndrome: Presentation with distinctive manifestations of chronic 
disease, along with typical characteristics of acute disease: presence of 1 or more 
symptoms of acute disease in a patient diagnosed with chronic disease; the manifesta-
tions may be present during the initial diagnosis of a chronic disease or may arise after 
the initial diagnosis; and acute symptoms may recur regardless of whether chronic 
manifestations resolve or persist [2]. 

The cGVHD can be limited or extensive. The cutaneous manifestations can be in 
two categories: Early-onset lichenoid lesions. 

Early-onset lichenoid lesions are characterized by erythematous-violaceous 
papules or plaques with superficial adherent desquamation that sometimes merge, 
compromising large areas. The affected areas are the periorbital area, ears, palms, 
and soles, and it may affect nails, causing onychoatrophy and nail loss. At the genital 
level, it may cause phimosis or vaginal constriction. It may cause fibrosis in the joints, 
causing contractures [8, 9, 11]. 

Late-onset scleroderma lesions. The disseminated scleroderma form may present 
as guttate or confetti-like, as plaques of morphea without a liliaceous ring located 
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on the trunk and in the proximal region of the limbs, buttocks, and thighs. The skin 
appendages may present areas of alopecia, nail dystrophy, decreased sweating, and 
decreased secretion of the tear and salivary glands, giving rise to a picture similar to 
sicca (Sjögren’s syndrome), there may also be Acro sclerosis and Raynaud’s phenom-
enon (Table 2) [8, 9, 11]. 

2.2.2 Ocular manifestations 

Less than 10% of aGVHD patients suffer ocular involvement, which manifests as 
pseudomembranous conjunctivitis and corneal involvement [13]. 

Ocular involvement is associated with an increased risk of death [14], and ocular 
involvement is found in 30–85% of cGVHD cases, and although ocular manifesta-
tions generally occur after other alterations, they can occasionally be the debut of 
aGVHD [15]. 

3. Conclusions 

Knowledge of the symptoms of GVHD for its diagnosis remains the fundamental 
pillar for supportive treatment, so it is important to consider that comprehensive and 
continuous monitoring must be provided to identify and treat any type of complica-
tion that may arise in an accurate manner and thus preserve the patient’s life. 

Organs Signs Symptoms 

Skin 
Nails 
Hair 

Lichen planus, lichen sclerosis, inability to sweat, ichthyosis, 
keratosis pilaris, hypopigmentation, hyperpigmentation, 
erythema, poikiloderma, maculopapular rash, nail 
dystrophy, Ptengion unguis Alopecia depigmentation of hair, 
Papulosquamous lesions on the scalp 

Itching, dryness, nail 
detachment, thinning hair, 
premature graying 

Vulvovaginal Lichen planus, vaginal stenosis, erosions, fissures, ulcers Dyspareunia, vaginal 
dryness 

Muscles, fascia, 
joints 

Fasciitis, sclerosis, myositis, or polymyositis, edema Joint numbness, muscle 
cramps, arthralgia or 
arthritis, weakness 

Eyes Scarring conjunctivitis, Keratoconjunctivitis, sicca punctate 
keratopathy, blepharitis 

Dryness, tearing, or pain 
in the eyes Photophobia 

Gastrointestinal 
tract 

Esophageal stricture, pancreatic insufficiency, vomiting, 
diarrhea 

Anorexia, nausea, weight 
loss, failure to thrive, 
abdominal cramps 

Liver Hyperbilirubinemia transaminasemia Jaundice 

Lung Bronchiolitis obliterans dyspnea 

Hematopoiesis - 
immune system 

Anemia, thrombocytopenia, eosinophilia, hyper or 
hypogammaglobulinemia, Autoantibodies (AIHA, PTI) 

Other Peripheral neuropathy, nephrotic syndrome, myasthenia 
gravis, abnormalities in the cardiac conduction system, 
cardiomyopathy, coronary fibrosis. 

Specific symptoms of each 
pathology 

Source: Own design based in [11]. 

Table 2. 
Clinical data of cGVHD [11]. 
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aGVHD, in turn, is classified as mild, moderate, or severe, depending on the 
affected organs. 

It can occur in the first 3 months of life (+7 to +21 days). The main symptoms are 
dermatological alterations such as erythematous papular rash and scarlatiform rash. 
In this same context, we should not fail to consider a rare form called hyperacute, in 
which there is a rash with epidermal detachment (blistering lesions). 

Other extracutaneous lesions are of the gastrointestinal tract, such as nausea, 
vomiting, diarrhea, and liver disease that manifests with increased bilirubin and 
glutamic pyruvic transaminase (GPT). 

In the review of this chapter, we conclude that cGVHD (Chronic Graft-versus-Host 
Disease) is the most severe form of this entity. We can detect it after +21 days after the 
graft, taking into account that its presentation is similar to that of some autoimmune 
diseases such as scleroderma and that it can simultaneously affect several organs. 

Therefore, if it is detected in its acute or initial phase, we can prevent multi-organ 
involvement and improve the quality of life of patients, and consequently, the high 
costs in the treatment and management of complications could be reduced. 
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Chapter 4

Second-Line Treatment of 
aGvHD: State of the Art and Novel 
Therapies 
Abdellatif Bouazzaoui 

Abstract 

Allogeneic stem cell transplantation (alloSCT) is a unique curative therapy for 
diverse hematological and malignant diseases. However, after alloSCT, more than 
50% of the patients develop acute and/or chronic graft-versus-host disease (a/ 
cGvHD), which remains the major cause of mortality and morbidities with high 
impact on the life quality. Corticosteroids are considered as the first-line therapy; a 
complete response occurs in 25–40% of the patients. But a prolonged application of 
the steroid results in steroid-resistant in about 40% of patients and also in different 
complications. These make the development of new agents as second-line treatment 
for aGVHD of high importance. In this chapter, we will describe the characteristics 
and manifestations of aGvHD, and we will discuss the currently known second-line 
treatments including extracorporeal photopheresis (ECP) and different immunosup-
pressive drugs like antithymocyte globulin, alemtuzumab, (mTOR) kinase inhibitors, 
anti-tumor necrosis factor (TNF)-α antibodies, anti-IL-2 receptor antibodies, and 
others. Furthermore, we will discuss the recent advances in cell therapies like the use 
of decidua stromal cells (DSCs), mesenchymal stromal cells, and microbiome and 
give in addition an overview of treatment costs. 

Keywords: stem cell transplantation, graft-versus-host disease, bioactive compounds, 
mesenchymal stromal cells, decidua stromal cells 

1. Introduction 

Allogeneic stem cell transplantation (allo-HSCT) using hematopoietic stem
cells from a donor is a vital treatment for many diseases such as nonmalignant, 
hematologic malignancies, and cancer diseases [1]. Every year, the number of bone 
marrow transplants to patients increases. In 2022, more than 46,143 HSCT (41.2% 
allogeneic and 58.8% autologous) were reported by 689 European centers [2]. HSCT 
is considered as successful solution in treating diseases, but it leads also to serious 
complications, such as graft-versus-host disease (GVHD). These are the result of an 
attack by the donor’s immune cells against the recipient’s tissues and is considered one 
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of the fatal complications resulting from HSCT [3–5]. GVHD disease can occur at any 
time after HSCT and can appear in two forms, aGVHD or cGVHD. Both forms are 
classified based on time of onset after HSCT and the criteria from the NIH 2014 for 
cGVHD [6, 7] and Mount Sinai Acute GVHD International Consortium (MAGIC) for 
aGVHD [8]. The latter form of GVHD appears in 30–50% of patients who received 
HSCT from matched related donors. Furthermore, in the USA during 2017–2018 
and among the recipients from closely matched related persons, 13% of recipients 
died due to complications of GVHD within or after 100 days of receiving HSCT [9]. 
Corticosteroid therapy is considered one of the primary and most important treat-
ments against GVHD; however, it remains ineffective in a significant number of 
cases, ranging from 30 to 50% of the persons received stem cell transplantation. Cases 
that do not respond to corticosteroids or steroid refractory GVHD (SR-GVHD) have 
a poor prognosis (6 months at around 50%). In this context, identifying the causes 
and mechanisms that lead to SR-GVHD and the development of new treatments for 
people who suffer from SR-GVHD in order to increase survival is very critical and 
urgent. 

2. Manifestation and characteristics of aGVHD and cGVHD 

After transplantation allo-HSCT from matched related donors, approximately 
50% of the patients could develop aGVHD [4, 10–13]. In typical cases, the aGVHD 
develops within 100 days after blood transfusion. But in some cases, it can appear 
after 100 days. The disease appears as an acute inflammatory condition affecting 
the gastrointestinal (GI) tract, skin, and liver. But there are more of evidences that 
the aGVHD may affect other target organs including the nervous system, kidneys, 
thymus, testis, ovaries, and bone marrow [14, 15]. The aGVHD is clinically classified 
from first to fourth grade according to the extent of skin involvement, liver, and GI 
tract [8]. The manifestation for the GI aGVHD can be divided into upper manifesta-
tions such as vomiting, nausea, and anorexia and lower GI manifestation including 
hematochezia, ileus, diarrhea, and abdominal cramping and pain. The severity of the 
GI aGVHD can be determined by the volume of diarrhea that can continue even after 
abstain from eating. In the case of skin aGVHD, the patient develops a rash on the 
shoulders, around the neck, soles of the feet, the hands, and the eyes [4]. The severity 
of the skin aGVHD can be determined by the area of skin affected. 

In patients who have received allo-HSCT from matched related donors, cGVHD is 
considered as the leading cause of late death [16, 17]. The number of patients diag-
nosed with the cGVHD after allo-HSCT may reach up to 70%, and the most patients 
develop cGVHD symptoms between 100 and 1 years after receiving allo-HSCT, 
whereas around 10% of the patients showed the symptoms later. The important thing 
to mention is that some patients develop the cGVHD without showing any prior signs 
of acute illness [18–21]. The manifestations and symptoms of the disease are multiple 
and varied, as it may begin with inflammation in different organs resulting in fibrosis 
and organ failure [21–23]. 

3. First-line treatment against aGVHD 

Since the aGVHD is the result of an acute inflammatory condition, it is necessary 
that the treatment inhibits this reaction. Glucocorticoids (GCs) are very effective 
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against various autoimmune/inflammatory diseases such inflammatory bowel 
disease, asthma, rheumatoid arthritis, and others [24–30]. Furthermore, GCs are 
also used in organ transplantation and hematological malignancies [31, 32]. In this 
context, a systemic application of a strong dose of corticosteroids is considered the 
best option [33]. Patients with aGVHD grade II to IV are injected with a steroid dose 
ranging from 1 to 2 mg/kg [33–36] to reduce the inflammation and is considered for 
long time as the first-line treatment against aGVHD [37–43]. However, the use of 
high-dose of GCs for long time has also several side effects, including opportunistic 
infections [10] diabetes, alteration of behavior, muscle atrophy, skin disorders, 
and fat dysregulation [32, 44]. In addition, about 40% of patients with aGVHD do 
not respond to treatment with GCs and develop SR-aGVHD [45] which can appear 
3–5 days if the patients showed in clear significant improvement and 5–10 days if 
there is no improvement [46]. For 50% of the patients with SR-aGVHD, their survival 
period does not exceed 6 months, and less than 30% of the SR-aGVHD patients have a 
survival for more than 2 years [13, 35, 47, 48]. Taking all of the above, it becomes clear 
that understanding the mechanisms causing the SR-aGVHD represents a very urgent 
and pressing need to develop new treatments against the SR-aGVHD to save the lives 
of patients with aGVHD. 

4. Second-line treatment against aGVHD 

In case, the use of steroids does not give any effect, the SR-aGVHD appears. At 
that time the question is what is the treatment should be followed? Until now, there is 
no ideal treatment nor a standard protocol for care and treatment against SR-aGVHD 
[45, 49–51], but there are multiple treatment options such as the use of antibodies, 
including anti–IL-2 receptor antibodies, anti-tumor necrosis factor (TNF)-a antibod-
ies, anti-CD3/CD7, anti-CD25, and anti-CD26. Other treatment options are the use 
of extracorporeal photopheresis (ECP), mammalian target of rapamycin (mTOR) 
inhibitors (sirolimus or everolimus), antithymocyte globulin (ATG), mycophenolate 
mofetil, etanercept, alemtuzumab, and others [35, 45, 46, 50]. Furthermore, there are 
new methods based on microbiome, cell therapies such as mesenchymal stromal cells 
(MSC) and decidua stromal cells (DSCs) as cells therapy which showed promising 
results. 

5. JAK1 and JAK2 kinase inhibitor 

Among the second-line treatments against SR-aGVHD, we find ruxolitinib among 
the most documented drug [52], and ruxolitinib is a Janus kinase (JAK) 1/JAK2 
inhibitor, which influences pathogenesis of aGvHD significantly [53]. On May 24, 
2019 ruxolitinib has been approved by the FDA as second-line treatment for patients 
with SR-aGVHD based on a multicenter, open-label phase 2 trial study (REACH-1, 
NCT02953678) [54]. In this study, patients aged 12 years and older received initially 
a twice-daily dose of 5 mg, which was increased to 10 mg over 3 days. The median 
survival (MS) reached 7.6 months, the overall response rate (ORR) was 73.2%, and 
56.3% of the patients showed a complete response (CR). Later, on Sep. 22, 2021, the 
FDA has also approved the ruxolitinib for the treatment of cGVHD, based on the 
results evaluated in REACH-3 (NCT03112603) study, a randomized, open-label, 
multicenter trial [55]. In this study, 165 patients received 10 mg of the ruxolitinib 
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twice a day and were compared to 164 patients how received best available therapy 
(BAT). The study finds that the median duration of response was 4.2 months for the 
ruxolitinib versus 2.1 months for the BAT patients. In a previous REACH-2 study from 
the same author [52], 154 patients were treated with ruxolitinib and were compared 
with 155 patients in the control group. The authors find that ruxolitinib was effective, 
but it was accompanied by toxic symptoms such as thrombocytopenia. 

Another drug used in the treatment of aGVHD is itacitinib, and this is a JAK1-
inhibitor with efficacy in preclinical study. In the study, Schroeder et al. used 200 mg 
or 300 mg itacitinib daily to treat 29 patients with SR-aGVHD [56]. The ORR on day 
28 reached 75 and 66.7%, respectively, and the overall survival (OS) was 58.6 and 
48.3% at 6 and 12 months. Recently, in a double-blind, phase 3 international clinical 
trial (GRAVITAS-301), Zeiser et al. study the effect of itacitinib (NCT03139604) 
[57]. In this study, the patients received steroids/itacitinib (n = 219) or steroids/ 
placebo (n = 220). At day 28, the authors find that the ORR reached 74% for itacitinib 
and 66% for placebo, and the improvement did not reach a significant level, which 
makes it necessary to conduct in-depth research to investigate the selective JAK1 
inhibition of itacitinib. 

5.1 Antibodies and antagonists 

5.1.1 Anti-CD3/CD7immunotoxin (CD3/CD7-IT) 

As treatment for patients with SR-aGVHD, CD3/CD7 immunotoxin (CD3/CD7-IT) 
is an anti-CD3/CD7 mixture conjugated ricin which was given in a phase I/II trial 
study including 20 patients [58]. The study showed that an ORR of 60% at day 28 
with 50% of the patients reached a CR. The author finds also that the treatment at 
early stage caused profound depletion of T cells and NK cells. 

5.1.2 Inolimomab 

Inolimomab is an anti-CD25 monoclonal antibody used in the treatment of 
patients with SR-aGVHD. The treatment with inolimomab blocks the interleukin-2 
receptor α (IL-2Rα), and it showed encouraging results based on a randomized, 
multicenter, open-label, phase III trial (EUDRACT 2007-005009-24), which was 
conducted by Gérard Socié et al. [59]. In this study, 100 patients with SR-aGVHD 
received treatment with inolimomab (n = 49) or ATG (n = 51). The author finds a sur-
vival of 28.5% in the inolimomab group versus 21.5% in the ATG group. Side effects 
were similar in both groups, with more viral infections in inolimomab patients. In the 
follow-up period after 1 year, the author reached a survival of 47% in the inolimomab 
group and 40% in the ATG patients [60]. 

5.1.3 Infliximab 

The proinflammatory cytokine including TNF is highly expressed in GVHD [61], 
and Infliximab, a TNF-alpha inhibitor, is considered as a good treatment for patients 
with SR-aGVHD. In this context, Couriel et al. analyzed the effect of infliximab in 
a prospective, single-center, open label, randomized, phase III study, and in this 
study, 63 patients with SR-aGVHD received infliximab plus methylprednisolone or 
methylprednisolone alone (control). At day 28, the ORR reached 62% in infliximab 
group versus 58% in the control group. Non-relapse mortality (NRM) and OS were 
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not significantly different [62]. In a recent retrospective study from Nygaard et al., 
the author treated 68 patients (grade III-IV) with infliximab, and the response was 
analyzed at day 7 and 28 after treatment. The author finds that 60% of the patients 
(n = 41) respond at day 7, whereas 46% (n = 31) respond at day 28. Patients with 
response to infliximab have higher OS probability than non-responders [63]. 

5.1.4 Etanercept 

Another TNF blocker is etanercept, a recombinant human-soluble TNF receptor 
fusion protein. In a study conducted by Busca et al., 21 patients with SR-GVHD (13 
aGVHD and 8 cGVHD) were treated with etanercept. The results showed that 52% 
(n = 11) of the patients respond to the treatment (6 patients with aGVHD and 5 with 
cGVHD). The CR and PR were 5 (4 with aGVHD and 1 with cGVHD) and 6 (2 with 
aGVHD and 4 with cGVHD), respectively. Furthermore, the result showed that 67% 
of the patients (n = 14) were alive after a median follow-up of 429 days [64]. 

5.1.5 Alemtuzumab 

Alemtuzumab is an antibody against the CD52 antigen, and all cells expressing 
this antigen such as B lymphocytes natural killer, dendritic cells, and monocytes will 
be a target for alemtuzumab. In a prospective study conducted by Khandelwal et al., 
fifteen patients with SR-aGVHD (grad II-IV) received alemtuzumab. The ORR was 
67%, CR in 40%, 27% with PR, and no response in 33% [65]. The most important 
side effects appeared are asymptomatic viremias (100%), transient thrombocytope-
nia (53%), and fever (26%). After 6 months, 80% of patients were alive (n = 12). 

5.1.6 Daclizumab 

Daclizumab is an antagonist against IL-2Rα, and in a prospective, single-center, 
phase II study, Bordigoni et al. treated 62 patients with daclizumab as single second-
line treatment [66]. The results showed a CR in 68.8% of the patients, and the 4-year 
event-free survival (EFS) reached 54.6%. In a previous study conducted by Soltani 
et al., the author finds that treatment of SR-aGVHD patients with daclizumab in 
combination with infliximab (TNF blocker) showed a better probability to achieve a 
CR with long-term survival of 40% [67]. 

5.1.7 Basiliximab 

Basiliximab is also another antibody to target the IL-2Rα. In one recent study recruited 
patients from 36 hospitals, Basiliximab was used as single (n = 642) or in combination 
with other treatments (n = 298), the study showed an ORR of 79.4% at day 28, the OS 
3 years after treatment reached 64.3%, and probabilities of NRM were 26.8% [68]. 

5.1.8 Vedolizumab 

Vedolizumab is an antibody against the integrin subunit alpha 4beta 7 (α4β7 
integrin) which is expressed on the surface of the lymphocytes. The application of 
vedolizumab inhibits the interaction between α4β7 integrin and mucosal address-
ing cellular adhesion molecule1 (MAdCAM-1) and stops the lymphocytes reloca-
tion to the GI tract [69]. In a recent study from Chen et al. conducted during the 
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COVID-19 pandemic, the author treated 168 patients with vedolizumab or placebo 
(n = 165), and the results showed 70.9% GI aGVHD-free survival at day 180 after 
transplantation versus 70.9% for placebo patients [70]. In an early prospective 
study conducted by Mehta et al., the author treated 20 patients with gastroin-
testinal SR-aGVHD with vedolizumab. After 59 days, the results showed CR and 
ORR of 20 and 25%, respectively. The most side effects were infections and liver 
enzymes elevation [71]. 

5.1.9 Begelomab 

Begelomab is an anti-CD26 antibody, and the CD26 is considered as potential 
target for the treatment of aGVHD because it has a costimulatory function and is 
expressed on the activated T-cells. In study from Bacigalupo et al., the author treated 
28 patients with SR-aGVHD in two prospective studies and 41 patients in one com-
passionate study. In the prospective studies, the results showed that the ORR, CR, and 
one-year OS reached 75%, 11%, and 50%, respectively, whereas the ORR was 61%, the 
CR reached 12%, and the one-year OS was 30% in the compassionate study. However, 
the patients developed few side effects such as bronchopneumonia, E. coli infection, 
bacterial sepsis, renal failure, acute respiratory failure, multiorgan failure, convul-
sions, and dyspnea [72]. In a previous study and based on the data collected from 
110 patients, the NRM in control at day 180 reached 50% versus 25% in begelomab 
[73], and the OS at 1 year was 31% in control versus 50% in patients treated with 
begelomab. 

5.1.10 Visilizumab 

Visilizumab is an antibody against CD3 that induces a selective apoptosis in 
activated T-cells. In a multicenter phase II study, Carpenter et al. used visilizumab 
to treat 44 patients with SR-aGVHD and grade III or IV acute GVHD. At day 42, the 
ORR and CR reached 32% and 14%, respectively, and the OS at 180 days reached 
32% [74]. Beside GVHD as main reason for die, further reasons were multiorgan 
failure, infection, recurrent malignancy, hemorrhagic pancreatitis, fatal arrhyth-
mia, and myocardial infarction. In a previous study, 11 patients with SR-aGVHD 
received a single dose of 3.0 mg/m2 on day 1. The results showed that 6 patients 
have CR, 3 patients with partial response (PR), and 7 patients have a MS of 359 days 
(260–490 days) [75]. 

5.2 Alpha-1 antitrypsin (AAT) 

During the GVHD, proinflammatory cytokines are significantly increased, in pre-
clinical study. The application of AAT, a serine protease antiapoptotic, anti-inflam-
matory and immunomodulatory properties resulted in lower expression of different 
proinflammatory cytokines such as tumor necrosis factor (TNF), IL-1 and IL-32 [76]. 
In a phaseI/II single-center study, the author treated 12 patients with SR-aGVHD 
(grad III-IV) intravenously. The treatment resulted in significant improvement in 8 
patients, with 4 patients have CR, and 50% were a live at last follow-up [77]. In the 
previous phase 2 clinical trial study (NCT01700036), patients with SR-aGVHD were 
treated with AAT [78]. At day 28, the results showed 65% of ORR and the CR of 35%. 
Furthermore, the response maintains at 73% after 60 days. Interestingly, the infection 
mortality maintains at 10% after 6 months and within 30 days only 2.5%. 
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5.3 mTOR inhibitor 

Sirolimus and everolimus are mTOR inhibitors used as second-line treatment 
against SR-aGVHD. In a pilot study from Benito et al., 21 patients (GVHD grad 
III-IV) not responding to steroid were treated with sirolimus [79]. The first group 
received a loading dose (15 mg/m2) on day 1 followed by 5 mg/m2/day, and the other 
2 groups received or 4 mg/m2/day or 5 mg/m2/day sirolimus for 14 days without a 
loading dose. The results of the study showed that the treatment with sirolimus has 
activity against SR-aGVHD, the ORR was 57%, and the CR reached 24%. However, 
this effect was accompanied by a high toxicity, and this confirms the need for further 
studies to determine the appropriate dose. Sirolimus was also used as control in the 
REACH2 trial study from Zeiser et al. [52]. In a recent retrospective study conducted 
by Biavasco et al., another mTOR inhibitor (everolimus) has been used in 6.5% of the 
patients as control and was compared to ruxolitinib [80]. 

5.4 Nucleoside inhibitor 

Pentostatin an adenosine deaminase inhibitor is also used as treatment against 
SR-aGVHD. In a phase I study, 23 patients were treated intravenously with a dose escala-
tion of pentastatin starting with 1 mg/m2/day. The result showed that 63% of the patients 
reached CR, 14% PR and the MS was 85 days. The study also showed that the treatment 
was well tolerated with a slight increase in thrombocytopenia and liver function tests [81]. 

6. Other adjunct therapy 

In addition to the treatments mentioned above, there are also auxiliary treatments 
used to treat aGVHD. These include hormone therapy such as the human chorionic 
gonadotropin (HCG), extracorporeal photopheresis (ECP) therapy, cell therapy 
including mesenchymal stromal cells (MSCs) and decidua stromal cells (DSCs), and 
finally the treatment of aGVHD using microbiota. 

6.1 HCG therapy 

Hormone therapy, such as HCG, is a new method used to treat aGVHD. This 
hormone has the ability to increase the level of the epidermal growth factor (EGF) in 
the blood circulation which leads to accelerating the process of tissue regeneration. 
Due to the commercial availability and easy accessibility of HCG, it has been used 
as a treatment in the previous studies. In a recent open-label prospective phase II 
clinical trial (NCT02525029), G Holtan et al. study the effect of HCG as treatment 
against aGVHD. In the study, 22 patients with grade III-IV aGVHD or stage 3–4 lower 
GI-GVHD received methylprednisolone and urine-derived HCG (uHCG). At day 
28 after treatment, the results of the study find that 68% of the patients showed a 
response (57% with CR, 11% with PR) [82]. In a previous study used HCG as therapy 
for SR-aGVHD, the results showed 60% response (CR or PR) [83, 84]. 

6.2 Extracorporeal photopheresis (ECP) 

This method uses ultraviolet rays to destroy the white blood cells that cause 
aGVHD. Since 1988, the ECP has been approved by the FDA as treatment against the 
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leukemic cutaneous T-cell lymphoma [85]. After that on 1990, the method was used 
in the treatment of aGVHD. During the ECP, the mononuclear cells were isolated, 
exposed to UV irradiation in combination with 8-methoxypsoralen and reinfu-
sion. Recently, in a randomized controlled trial study from Maryan M Ali et al., 
157 patients (between 18 and 74 years) were randomized, 76 patients were treated 
with ECP, and 81 patients as the control group. The per-protocol analysis showed a 
significant difference in GVHD between the control group (n = 77) versus interven-
tion group, and the values reached 68 versus 46%, respectively [86]. However, the 
NRM, OS, GVHD-free, relapse-free survival, and event-free survival did not differ 
significantly. 

6.3 Cell therapy against aGVHD 

Cell therapy including MSCs is considered one of the new methods of treatment 
against GVHD. Furthermore and in contrast to pharmacological immunosuppressive 
drugs, in the use of cell therapy, the long-term side effects are absent, while the side 
effects and toxicity are very few and may be non-existent [87, 88]. 

6.3.1 Mesenchymal stromal cells (MSCs) 

A group of cells like MSCs and, to a lesser extent, Treg cells are used as a treatment for 
a group of diseases including SR-aGVHD [89]. One of the advantages of MSCs is their 
ability to produce and transform into a group of specialized cells such as hepatocytes. 
Osteocytes, adipocytes, chondrocytes, and neurocytes [90]. One of the advantages of 
MSCs is that they can be easily isolated at low cost from several tissues, including, but not 
limited to adipose tissue placenta, umbilical cord, and amniotic membrane. MSCs have 
emerged as a treatment for several types of diseases, including GVHD [91–93]. In addition 
to the ability of MSCs to renew a group of cells, they cause minimal immune response due 
to the lack of HLA class-II and costimulatory molecules on its cell membrane. The MSCs 
also acquire an anti-inflammatory property and immunosuppressive activity [94–96]. 
The first case in which the feasibility of stem cells in treating GVHD was studied in 
Sweden (Karolinska Institute) [97]. After that, in 2008, Le Blanc et al. published results 
using MSCs therapy. In the study, 55 patients with SR-GVHD were treated with MSCs, 
and after 1 year after the infusion, the results showed that 30 patients had a CR and nine 
showed PR. The most importantly, the study proved that the infusion with MSCs does not 
cause any side effects [98]. After that, several studies were conducted worldwide to study 
the effect of MSCs in treating GVHD [87, 91, 92, 99–101]. There are also several countries 
including Korea, Japan, Canada, and New Zealand that have licensed MSCs products as 
a treatment against aGVHD [102, 103]. Among these products, we find Remestemcel-L 
(Ryoncil™, Mesoblast, Ltd), which was well tolerated and did not cause any side effects or 
toxicities or other safety concerns. Recently, FDA approved Remestemcel-L as treatment 
for SR-aGVHD based on the results collected from a phase 3, single-arm, prospective 
multicenter study (NCT02336230) [104]. In this study, Kurtzberg et al. have showed the 
efficacity of MSCs against aGVHD in 54 children with primary SR-aGVHD. 

6.3.2 Decidua stromal cells (DSCs) 

The DSCs derived from the placenta are stromal cells with origin from the mother. 
The decidua is a uterine tissue playing an important role in maternal-fetal immune 
tolerance [105, 106]. Several studies have proven that DSCs differ from MSCs in 
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several aspects, including, but not limited to its ability to cause more effective clotting 
compared to MSCs. DSCs are also able to inhibit the proliferation of T cells whether 
they are frozen and thawed or fresh [107–114]. Regarding the use of DSCs as a treat-
ment for SR-aGVHD, different studies have been shown to be effective in improving 
the outcome. In a long-term follow-up of a pilot study from Sadeghi et al., 21 patients 
with grade II-IV GVHD were treated with DSCs. The results showed that 11 patients 
have a CR and 10 patients with PR. Furthermore, the cumulative incidence of cGVHD 
reached 52%, and the OS was 57% [115]. In a phase I/II trial study from Ringdén 
and Sadeghi, the author treated 21 patients with DSCs, and the median cell dose was 
1.2 × 106 cells/kg body weight. The results showed that all patients responded, with 
CR in 11 patients, PR in 10 patients, and the1-year survival reached 81% [116]. 

6.4 Microbiota 

Several recent studies have proven the important role of microbiota, especially 
those colonizing the intestines, in influencing a group of diseases, including GVHD. A 
few recently published studies have shown that feces can be transferred to the recipi-
ent without any complication, and it is safe and effective as treatment against GVHD 
[117]. In a recent publication from Qiao et al., the author used meta-analysis data to 
study the effect of fecal microbiota transplantation (FMT) as treatment for patients 
with SR-aGVHD [118]. In this study, data from 23 studies with a total of 242 patients 
were included. The meta-analysis study showed that 100 patients reached CR and 61 
patients achieved PR, whereas 81 patients not responded. The most side effect caused 
by the FMT was infection (3 patients), but the patients recovered after treatment. 
Based on these results, FMT is considered as good alternative for the treatment of 
SR-aGVHD. In another phase II trial study from Rashidi et al., the patients received 
oral encapsulated, third-party FMT and were compared with placebo patients. At day 
180 after FMT, the results showed at day 180 that the incidence of grade II–IV aGVHD 
was reduced in the group with more donor microbiota fraction (dMf) [119]. The 
author concluded that fecal transfusion leads to an improvement in the condition of 
patients, especially those who have a significant change in the intestinal microbiota. 
In a randomized, double-blind placebo-controlled trial (NCT06026371), Reddi et al. 
tested if the transfer of healthy-donor FMT early after alloHCT reduces the incidence 
and severity of aGVHD or not. In the study, 20 patients received FMT from three dif-
ferent healthy donors. The results showed that the microbiota engraftment rate from 
the third donor was higher compared to the first and second donors and reaching 
66%. These results prove the necessity of selecting the appropriate donor to achieve 
good results. 

7. Costs for therapies against aGVHD 

The costs for the second and adjunct therapies are generally quite expensive, 
especially when the patient is exposed to complications. This limits the ability to treat 
a large number of patients. The average cost of ECP treatment is up to $9000 ($500– 
$100,000) [120]. Regarding stem cell therapy, the cost ranges between $1200 and 
$28,000 [121]. For the TNF blockers, the costs vary between $14,000 and $25,000 
(Etanercept the lowest and infliximab the highest) [122]. For the mTOR inhibitor the 
monthly costs are between $1000 and $2000 [123], and for the IL-2Rα, the costs are 
around $3000 per basiliximab dose [124]. The dose for ATG costs also $3000 [124]. 
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The treatment with JAK inhibitor such as ruxolitinib is also quite expensive, and it 
costs about $83,000 for 6 months [123]. Tyrosin Kinase inhibitor like belumosudil 
is also expensive, and for 1 year, it can reach $232,000 [125]. The only exception 
regarding the prices is represented by uHCG, because this medicine is commercially 
available and therefore inexpensive, the cost per vial reaches $296 [126]. 

8. Conclusion 

HSCT is a very effective treatment for several types of hematological malignancies 
and other fatal disorders. Since decades, corticosteroid therapy is considered one of 
the primary and most important treatments against GVHD; however, it remains inef-
fective in a up to 50%. Cases with SR-GVHD have a poor prognosis. For this reason, 
there is an urgent need to discover other treatments as a second line of defense. There 
are several treatments, including drug therapy, cell therapy, and microbiome therapy. 
But it still suffers from several drawbacks, the most important of which are the very 
high prices, there is no ideal treatment nor a standard protocol for using the treat-
ment. This requires more effort and work to overcome it. 
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Chapter 5

Application of Mesenchymal Stem 
Cells in Graft-Versus-Host Disease 
as a Regenerative Therapy 
Neslihan Mandacı Şanlı and Aysu Timuroğlu 

Abstract 

Graft versus host disease (GVHD) is a complication that significantly affects 
mortality and morbidity after hematopoietic stem cell transplantation (HSCT), and 
corticosteroids are the most commonly used first-line treatment for GVHD worldwide. 
However, approximately half of GVHD cases develop non-responsiveness to corticoste-
roid therapy, and despite new developments in the field of GVHD, it is not clear which 
treatment agent will be used as the first choice in the second-line setting. Mesenchymal 
stem cells (MSCs) are multipotent progenitor cells that can be derived from many tis-
sues such as bone marrow, fetal structures, and muscle are self-renewing and have the 
capacity to differentiate into many different tissues. The administration of MSCs in the 
treatment of immune system-related diseases has recently become popular due to their 
immune suppressive and immune-modulatory properties, and clinical studies on MSCs 
have been focused. Since GVHD is also an immune-related tissue damage and systemic 
inflammation, the use of MSC infusion in the treatment of GVHD has attracted the 
attention of clinicians. Many trials have been published on this subject. In this review, 
we analyzed the publications on the application of MSCs in patients with GVHD and 
investigated the efficacy of MSCs in the treatment of GVHD. 

Keywords: graft versus host disease, mesenchymal stem cells, hematopoietic stem cell 
transplantation, immune modulation, immune suppression 

1. Introduction

1.1 Mesenchymal stem cells 

“Mesenchymal stem cells” (MSCs) are adult non-hematopoietic stem cells and are 
multipotent, self-renewing, heterogeneous cells with fibroblast-like morphology and 
multilineage differentiation capacity [1, 2]. Mesenchymal stem cells (MSCs) were 
first identified by Alexander Friedenstein in the late 1960s, and their pharmacologi-
cal application in humans was first investigated in 1995 [3, 4]. They can be isolated 
from many tissues such as bone marrow, adipose tissue, muscle, peripheral blood, 
hair follicles, teeth, placenta and umbilical cord, Wharton’s gel, amniotic fluid, 
amniotic membranes, dental pulp, synovial fluid [5–7]. Although mesenchymal 
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stem cells (MSCs) exhibit distinct characteristics based on the tissue of origin, they 
are required to fulfill the three minimum criteria established by the “International 
Society for Cellular Therapy” (ISCT) in 2006. The first criterion stipulates that MSCs 
must adhere to plastic surfaces when cultured in vitro. Secondly, MSCs must express 
surface antigens CD73, CD90, and CD105 while lacking the expression of “CD45, 
CD34, CD14 or CD11b, CD79a or CD19, and HLA-DR”. The final criterion mandates 
that mesenchymal stem cells (MSCs) must exhibit the capacity to differentiate into 
mesodermal lineages, such as adipocytes, chondrocytes, and osteoblasts, under in 
vitro culture conditions [8]. Additionally, MSCs can be efficiently obtained from 
peripheral blood and adipose tissue through minimally invasive methods [1, 9]. Some 
ethical issues may restrict the use of MSCs for therapeutic purposes. The collection 
of bone marrow-derived or adipose tissue-derived stem cells is easier than umbilical 
cord-derived stem cells, which are collected autologously from the patient [10]. 

First of all, the process of collection of MSCs may cause pain in the donor, impair-
ment of donor comfort, and donor morbidity. In addition, during in vitro processing 
of the MSCs, the capacity for differentiation may be reduced. 

Furthermore, the differentiation potential of mesenchymal stem cells (MSCs) may 
be influenced by various environmental factors, including age, stress, and genetic 
variations [3]. Because of all these problems, obtaining MSCs from embryonic tissues 
such as umbilical cord and umbilical cord blood, fetal tissues, and placenta is preferred 
over other sources of MSCs and causes less ethical problems [11–14]. In clinical trials, 
bone marrow, cord blood, peripheral blood, and adipose tissue are used for obtaining 
MSCs, and apheresis procedure is applied after G-CSF induction if MSCs are to be 
obtained from peripheral blood. If MSCs are to be obtained from bone marrow and 
cord blood, they are collected directly from the source. After these cells are collected 
from their source, they are isolated, cultured, and proliferated in special media [15]. In 
many clinical trials, the average dose of MSC infusion in humans is 1–2 million hc/kg 
and does not exceed 12 million hc/kg. The doses of MSCs vary between species, and 
factors such as preparation and dosing of the MSCs may alter their paracrine effects. 
In particular, the infusions of MSCs derived from bone marrow and adipose tissue 
are the safest ones, and side effects such as febrile reactions are the least common [4]. 
Mesenchymal stem cells (MSCs) possess the ability to differentiate not only into meso-
dermal cell lineages but also into a variety of other tissue types. They have the capacity 
to differentiate not only into cells originating from the mesoderm leaflet but also into 
other cell types originating from both the ectoderm and endodermal leaflet (e.g., neu-
rons, cardiomyocytes, and hepatocytes) [16–19]. This is called plasticity and is utilized 
in cell regeneration [1]. Although mesenchymal stem cells have a similar phenotype, 
they have a heterogeneous biological structure and function. Their different growth 
and differentiation capacities and pro-angiogenic properties cause this heterogene-
ity. For example, when an adipose tissue- or bone marrow-derived MSC is compared 
with a fetal-derived MSC, it has been found that MSCs isolated from fetal tissues have 
higher proliferation capacity, longer survival, greater differentiation capacity, and 
lower immunogenicity [3, 10]. Umbilical cord-derived MSCs are richer in angiogenic 
factors, which makes them preferable to bone marrow-derived MSCs [10]. This may be 
an important factor in the different results of clinical trials. 

Mesenchymal stem cells have recently been a popular subject of research with 
the application of therapeutic cellular products in the clinic. Features such as migra-
tion to damaged tissues, immunotrophic functions, and tissue regeneration/repair 
have led to the inclusion of MSCs among the treatment options in the treatment of 
immunologic/inflammatory diseases and extensive studies on this subject have been 
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carried out [3]. In addition, they have the ability to induce angiogenesis, promote 
cell survival, and inhibit the immune system [20]. The bioactive agents massively 
secreted from MSCs have both immune-modulatory and trophic properties and are 
used clinically in patients with rejection after HSCT due to their immunosuppressive 
properties [1, 2]. 

All of these advantages of MSCs have brought their use in regenerative medicine 
and in the treatment of many diseases to the agenda. In this article, we tried to present 
a review of the use of MSCs in GVHD and contribute to the literature. 

1.2 Graft versus host disease 

“Hematopoietic stem cell transplantation” (HSCT) is a high-intensity therapeutic 
approach employed in the treatment of both malignant and non-malignant hemato-
logic disorders, immune system diseases, certain solid tumors, and metabolic condi-
tions. This procedure aims to restore the hematopoietic and immune functions of 
hematopoietic progenitor cells. To date, approximately 1.5 million HSCT procedures 
have been conducted globally [21]. Thanks to innovations in transplant regimens 
and better supportive care, survival rates of patients with HSCT have increased. The 
most important complication limiting the use of allogeneic HSCT in the treatment of 
hematologic malignancies is graft versus host disease (GVHD). It is one of the most 
important barriers affecting the success of hematopoietic stem cell transplantation 
and is the most important cause of mortality and morbidity after transplantation. 
Disease relapse, graft rejection, and acute or chronic GVHD are the most common 
complications after HSCT [22, 23]. 

Graft versus host disease is a systemic inflammatory response caused by donor 
T cells recognizing foreign cells of the recipient and immune dysregulation after 
HSCT, which occurs when autoreactive immune cells trigger inflammation. Donor 
lymphocytes perceive the recipient as foreign, which causes systemic inflammation. 
Activated T cells attempt to destroy antigen-bearing cells in the recipient, which can 
result in an immunologic response that can cause severe organ damage [21]. GVHD 
presents as two different clinical conditions, acute and chronic. It is classified as 
acute/chronic GVHD according to its clinical presentation and its development in 
the first 100 days and beyond after allogeneic HSCT [24]. In 2005, acute and chronic 
GVHD was defined according to clinical findings in the National Institutes of Health 
Consensus Criteria Development Project [25, 26]. According to NIH criteria, GVHD 
is divided into four subgroups: (1) classic acute graft versus host disease (GVHD) is 
characterized by the absence of diagnostic and distinctive features of chronic GVHD 
(cGVHD), with clinical manifestations occurring within 100 days following alloge-
neic hematopoietic stem cell transplantation (allo-HSCT) or donor lymphocyte infu-
sion (DLI). (2) Persistent and/or recurrent late-onset acute GVHD presents with the 
clinical characteristics of classic acute GVHD but without the diagnostic features of 
cGVHD, appearing beyond 100 days after allo-HSCT or DLI. (3) Classic cGVHD can 
develop at any time following HSCT and is defined by the presence of diagnostic and 
distinctive characteristics of cGVHD without concurrent acute GVHD. (4) Overlap 
syndrome, on the other hand, is distinguished by the simultaneous presence of 
clinical features associated with both acute GVHD and cGVHD [27, 28]. The diagnosis 
of chronic graft versus host disease (cGVHD) requires the presence of at least one 
diagnostic manifestation or at least one distinctive manifestation confirmed through 
biopsy, laboratory testing, or radiographic evaluation in the same or a different tissue 
[22]. Currently, 30–50% of allogeneic bone marrow transplant recipients have acute 
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GVHD, and 30–70% have CR GVHD. Despite calcineurin inhibitors and methotrexate 
prophylaxis, GVHD is still common and corticosteroids are used as first-line treat-
ment [29]. However, new treatment approaches need to be developed due to increas-
ing steroid resistance [21]. Mortality rates are higher in steroid-refractory patients, 
and many agents such as mycophenolate mofetil, JAK inhibitors, extracorporeal 
photopheresis, sirolimus, and everolimus have been introduced in second-line treat-
ment. Despite all these options, an optimal option in corticosteroid unresponsive/ 
refractory cases has still not been developed [24, 30]. Recently published and inves-
tigated therapies for GVHD target inflammatory pathways and the most important 
disadvantage of these therapies is that they also increase immunodeficiency. Many 
studies have been published on the use of MSCs in the treatment of both acute and 
chronic GVHD due to their immune system-related effects. 

2. MSCs and immune modulation 

The tissue repair and immune suppressive effects of “mesenchymal stem cells” 
have brought their use in the treatment of GVHD to the agenda. These cells, which 
have immune modulatory, low immunogenicity, and homing properties, are promis-
ing in the treatment of immune-related diseases and inflammatory diseases [31]. 
By preventing the development of an exaggerated immune response, MSCs exert a 
general immunosuppressive effect [32]. Immune dysfunction such as inadequate or 
exaggerated immune response plays a role in the pathogenesis of many diseases. MSCs 
also show immunomodulatory effects by direct cell contact with immune system cells 
or by the release of cytokines, growth factors, etc. as a result of paracrine effects and 
seem to be effective in the treatment of diseases with immune dysfunction in their 
pathogenesis [32]. 

MSCs have attracted an interest for their therapeutic capabilities beyond GVHD 
treatment, which includes use in cancer treatment and regenerative medicine. Hmadcha 
et al. underscored the role of MSCs in cancer therapy and immune regulation due to 
their anti-inflammatory and immunomodulatory properties that may be mediated by 
the secretion of bioactive molecules [1]. Furthermore, MSCs can change the tumor 
microenvironment, inhibit tumor development, and increase anti-tumor response, 
which is important for HSCT treatment of most hematologic cancers [1]. At the same 
time, MSC-based therapies are investigated for treatment of autoimmune and neurode-
generative conditions which demonstrates versatile immune modulatory properties [3]. 

MSCs can affect both innate and adaptive immune system cells. By decreasing 
the release of IL-2/IL-15, IFN-γ, MSCs inhibit the proliferation, differentiation, 
and activation of natural killer (NK) cells involved in the innate immune response 
and CD4 and CD8 positive T cells involved in the adaptive immune response, lead-
ing to immune suppression. Adhesion molecules such as ICAM-1 and VCAM-1 are 
highly expressed on the surface of MSCs, and these adhesion molecules play a role in 
the interaction of MSCs and T-reg cells. T-reg cells are primitive T cells with anti-
inflammatory and immunomodulatory properties, and MSCs cause immune tolerance 
by increasing the number of T-reg cells [33–37]. Moreover, various studies indicate 
that MSCs modulated the immune response by interacting directly with immune cells 
and by releasing immunoregulatory molecules in extracellular vesicles (EVs) [38]. 
Mendiratta et al. reported that MSC-derived EVs with microRNAs and cytokines can 
alter the inflammatory response of the host and increase immune tolerance, thereby 
controlling the GVHD [2]. These results broaden the scope for MSC-based therapies 
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where EVs may serve as a cell-free substitute for MSCs and reduce the risks with live 
cell transplantation without sacrificing the therapeutic effect [2]. 

In vivo studies have demonstrated that human-derived MSCs inhibit allogeneic 
T-cell proliferation. Activation and differentiation of Th17 and Th1, which are pro-
inflammatory cells, are inhibited by PGE2 released from the MSCs [32]. As a result, 
more than 30 cytokines such as TGF-β, hepatocyte growth factor (HGF), PGE2, 
IL-6, and NO. are secreted by MSCs and are involved in T cell immune modulation 
[38]. At the same time, they can suppress the proliferation, maturation, and antibody 
production of B cells. In a study conducted by Glennie et al., it was shown that B cell 
proliferation was paused in the G0/G1 phase when B cells and MSCs were co-cultured. 
In addition, IL-1RA and CCL2 released from MSCs can block B cell maturation and 
immunoglobulin production. In addition, MSC treatment is important in tissue 
reconstruction owing to its potency in stimulating angiogenesis while reducing fibro-
sis. According to the report by Merimi et al., MSC secretes both vascular endothelial 
growth factor (VEGF) and hepatocyte growth factor (HGF), which aid endothelial 
cells to survive and regenerate, thus serving an important function of organ protec-
tion in GVHD patients [3]. These features of MSCs, in addition to the antiviral effects, 
enable the use of mesenchymal cells in treatment of HSCT-associated problems like 
GVHD [3]. If we look at the effect of MSCs on macrophages, by suppressing the 
release of pro-inflammatory cytokines such as TNF-α and IL-1 β, increasing COX2 
and prostaglandin E2 synthesis and causing IL-10 production in macrophages, they 
reduce the phagocytosis of macrophages and produce an anti-inflammatory effect 
[39]. MSCs also have special functions known as sensors and switchers of the immune 
system, triggering inflammation by activating the immune system when it is inhibited 
and stopping inflammation when the immune system is over-activated. There is a 
balance between MSCs and the immune system regulating tissue homeostasis and 
inflammatory response [10]. 

Moreover, MSCs have been reported to show the ability to differentiate into many 
other types of cells, which adds to their potential therapeutic value. Research demon-
strated the possibility of MSCs differentiating into hepatocyte, neuronal, and epithe-
lial cells, which aids in the repair of tissues in organs damaged due to GVHD like liver, 
gut, and skin [16–18]. He and Nagamura-Inoue have pointed out the beneficial factors 
of umbilical cord MSCs, which are more immunostimulatory and less immunogenic 
as compared to bone marrow MSCs, thereby making them a good source for allogenic 
transplants [7]. These studies are in line with the idea of employing various sources 
of MSCs to improve the treatment effectiveness and reduce the chances of immune 
rejection [7]. 

The fact that MSCs have both immune-suppressive and immune-modulatory 
properties has brought to the agenda the investigation of the effects of MSCs use in 
GVHD cases occurring after HSCT, which is an immune event. In recent studies, it is 
noteworthy that MSCs may reduce the severity of chronic GVHD and the incidence 
of acute GVHD after HSCT [21]. Here, we aimed to have an idea about the efficacy 
of MSC therapy in GVHD patients by reviewing the studies on the use of MSCs in 
individuals with GVHD. 

3. Evidence of MSCs application in GVHD 

“Hematopoietic stem cell transplantation” has emerged as the preferred treatment 
for hematologic malignancies and genetic disorders, driven by the growing utilization 
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of haploidentical bone marrow transplants and advancements in transplant-related 
outcomes. “According to the Center for International Blood and Marrow Transplant 
Research”, over 60,000 hematopoietic stem cell transplantations (HSCTs) are per-
formed annually. Graft versus host disease (GVHD) remains the most critical and 
potentially fatal complication of HSCT, persisting as a significant challenge despite 
advancements in transplantation technologies, the development of new therapeutic 
agents, and improved prophylactic strategies [40, 41]. A wide variety of therapeutic 
strategies are being developed to prevent and treat the development of GVHD. 
“Anti-thymocyte globülin” (ATG) and “anti-lymphocyte globülin” (ALG), antibodies 
against T cells, have been used in vivo to prevent the development of GVHD. However, 
while neither treatment has a positive contribution to survival, they are effective in 
reducing the frequency of GVHD. Corticosteroids are the gold standard in GVHD 
treatment due to their anti-lymphocyte and anti-inflammatory effects [42]. However, 
half of GVHD patients under steroid treatment go into complete remission while the 
rest are steroid-refractory and have poor survival [23]. Despite many advances in 
the field of HSCT, there is still not enough progress in the field of GVHD to reduce 
mortality and morbidity. In patients with severe GVHD, survival rates are 25% in 
grade 3 and only 5% in grade 4 patients [43, 44]. Allogeneic transplantation is an 
increasingly practiced and preferred treatment modality, and new approaches to 
reduce the development of GVHD are needed. “Mesenchymal stem cell therapy”, a 
cell-based therapy, is one of the promising approaches in the treatment of GVHD due 
to its immunomodulatory effects [45, 46]. MSCs can cause genetic modification by 
causing overexpression/blockage of specific genes and act as immune modulators by 
increasing/decreasing the immune response [32]. 

Mesenchymal stem cells are able to migrate to the damaged area and help tissue 
repair by releasing bioactive substances with antapoptotic, angiogenic, anti-inflam-
matory, anti-fibrotic, immunomodulatory, and anti-oxidant effects. Since these 
properties have been known, MSCs have become target molecules in the treatment 
of regenerative medicine and immune diseases, for example, the use of MSCs in 
the treatment of many diseases such as Crohn’s disease, GVHD, neurodegenerative 
diseases, aplastic anemia, etc. is on the agenda [2]. The fact that MSCs can down-
express MHC Class 1 molecules and do not contain MHC Class II molecules allows 
them to form a barrier to immune rejection, facilitates their application even without 
donor-recipient HLA compatibility, and increases their immunoregulatory effects 
through cell–cell contact [47–50]. Mesenchymal stem cells have two important 
properties: maintaining tissue homeostasis and enabling engraftment. Depending 
on the extent of inflammation and their stimulation by toll-like receptors, MSCs 
may have pro-inflammatory and anti-inflammatory properties [51]. In GVHD cases, 
they cause immune suppression through a reaction called efferocytosis. MSCs lead 
to activation of cytotoxic T lymphocytes and natural killer (NK) cells, which results 
in apoptosis, followed by clearance of dead MSCs by monocytes and dendritic 
cells, called efferocytosis [52–54]. This results in the release of immune suppressive 
mediators “HLA-G, prostaglandin E2 (PgE2), indoleamine-2-3-dioxygenase (IDO), 
transforming growth factor-beta (TGF-β), cyclooxygenase 2 (COX-2), programmed 
cell death-ligand 1 (PD-L1), interleukin (IL)-1RA, IL-10, IL-6, CCL2”. Apoptosis and 
efferocytosis are essential for the immune modulation induced by MSCs in patients 
with GVHD [2]. With the realization of the immune modulatory potential of MSCs, 
their use in the treatment of immune system-related diseases in the clinic has come 
to the fore and clinical studies have started to be conducted in this field. Especially 
studies on their use in the prevention and treatment of GVHD have been focused. 
62



7 

Application of Mesenchymal Stem Cells in Graft-Versus-Host Disease as a Regenerative Therapy 
DOI: http://dx.doi.org/10.5772/intechopen.1009434 

For the first time, Bartholomew showed that the survival of skin grafts increased 
with the use of mesenchymal stem cells [55]. Since then, many studies have been 
conducted on mesenchymal stem cells, and it has been shown that they inhibit the 
proliferation and function of T cells, B cells, dendritic cells, and natural killer cells, 
and their immunomodulatory effects have been confirmed [23]. Studies have also 
published that mesenchymal stem cells are part of the niche, support hematopoiesis, 
and thus have an active role in facilitating the engraftment of hematopoietic stem 
cells after transplantation [56, 57]. However, the results of studies on the clinical use 
of MSCs in cases with GVHD are contradictory [23]. When we look at the literature, 
we come across a large number of publications on the use of MSCs in acute GVHD 
cases, while data on the use of MSCs in patients with chronic GVHD are limited. 
The reason for this can be interpreted as that the responses to MSC therapy in acute 
GVHD are better than in chronic GVHD [58]. In a retrospective review, we see that 
there is experience with the use of MSC in about 1400 patients with acute GVHD [2]. 
Firstly, in 2004, Le Blanc et al. at the Karolinska Institute in Sweden published that 
a 9-year-old male child with steroid-refractory severe acute GVHD (grade IV) had a 
complete response after MSC infusion, and then many studies were conducted one 
after another to investigate the possible benefits of MSCs [2, 23]. Currently, there are 
62 studies reported in the clinical trials related to MSCs and GVHD (the list of the 
completed trials is shown in Table 1). 

In this first case reported in the literature, the patient received allogeneic (from the 
mother) bone marrow-derived MSCs as two serial infusions, and a complete response 
(CR) was not achieved in the first infusion. CR was achieved after the second infu-
sion, and the patient lived a healthy life for 1 year [47, 59]. In another 32-patient study 
conducted by Kebriae et al., bone marrow-derived MSCs were administered as two 
serial infusions to patients with acute GVHD grade II-IV, and corticosteroids were 
given concomitantly. In this study, 77% of patients had a complete response and 16% 
had a partial response, and none of these patients had an infusion-related reaction 
[60]. If we look at the stem cell source in the stem cell studies performed with acute 
GVHD, not only bone marrow-derived MSCs were used, but Wharton gel was used 
as a source of MSCs in Soder et al.’s study of 10 patients who developed acute GVHD 
after allogeneic HSCT in 2020. The “overall response rate” (ORR) was 70%, with CR 
in four patients and PR in three patients [61]. 

In 2021, Murata et al. administered a commercial molecule called “Ryoncil™” 
(remestemcel-L), a bone marrow-derived MSC product, in patients with steroid-
resistant acute GVHD, but no superiority to placebo was achieved. Nevertheless, it 
was approved for use in pediatric patients in New Zealand and Canada based on the 
results of a subgroup analysis (OR rates were significantly higher in a small group of 
pediatric patients with liver infiltration). The remestemcel-L equivalent, Temcell®, 
was first used in Japan in 2016 for the treatment of regenerative diseases and was 
effective in 381 patients [30]. 

In 2019, Zhao et al. examined 10 multicenter studies published between 2008 and 
2017 on the use of MSCs in patients with acute GVHD. All patients who participated 
in these studies underwent HSCT for malignant hematologic disease, and some of the 
patients received MSC infusion, while others did not receive it. The patients received 
a single infusion of MSCs to prevent the development of GVHD, whereas multiple 
infusions were given for therapeutic purposes. The MSC infusion was administered 
before/after HSCT. With this meta-analysis, it was concluded that MSC infusion may 
reduce the incidence of chronic GVHD and is effective in prolonging CR rates and 
survival in patients with acute GVHD [23]. 
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Recent research has dealt with the importance of mitochondria transfer between 
MSCs and damaged immune cells in the context of GVHD patients. Li et al. showed 
that MSCs are capable of transferring mitochondria to the immune cells of the host 
through gap junctions, which aids in the restoration of immune balance and more 
effective tissue repair [50]. This may give part of the explanation for the therapeutic 
effect of MSCs in GVHD treatment. Also, MSC apoptosis, followed by efferocytosis 
from the recipient’s immune cells, has been suggested to be an important immuno-
suppressive mechanism in GVHD. Galleu et al. demonstrated that apoptotic MSCs 
stimulate the production of PGE2, altering the immune response to one of tolerance, 
which decreases inflammation in the GVHD patient [52]. 

In another study conducted by Shafeghat et al. in 2023, it was shown that 
GVHD-related symptoms and signs decreased and survival increased in patients 
who developed GVHD after HSCT by administering exosomes derived from 
the MSCs, but not the MSCs themselves, to patients with GVHD. Exosomes are 
30–120 nm in diameter and carry biologically active molecules. These molecules 
play a key role in the immunosuppressive and paracrine effects of MSCs in tissue 
repair and therapeutic efficacy and can easily pass through physiologic barriers 
thanks to their easy preparation procedures and small, liquid structure. They are 
safer molecules than stem cell-based therapies. In patients with GVHD, it has been 
demonstrated that the use of exosomes originating from MSCs inhibits IFN-γ and 
TNF-α release with NK cell activation and reduces the lethal properties of NK cells 
and inflammatory responses [22]. 

In a phase II/III clinical trial conducted by Muroi et al., bone marrow-derived MSC 
administration improved the survival of patients without side effects [62]. Similarly, 
in a phase II clinical study published by Frederic Baron et al. in 2010, a cohort 
population of 20 patients with hematologic malignancies was infused with three 
doses of MSCs. Graft rejection developed in 1 patient, but permanent engraftment 
was achieved in the remaining 19 patients. In total, 35% of patients developed acute 
GVHD grade II-IV, while 65% developed moderate/severe chronic GVHD. At the end 
of 1 year, the “overall survival” (OS) was 80% and progression-free survival (PFS) 
was 60%, demonstrating a reduction in GVHD mortality without a reduction in graft 
versus tumor effect in patients with hematologic malignancies [63]. 

The actions of MSCs have also been corroborated by Cheung et al., who identified 
particular biomarkers of MSC activity in patients with GVHD and their correspond-
ing clinical outcomes. It was shown that the levels of PGE2 and IL-10 after infusion 
of MSCs are associated with clinical outcomes achieved after MSC infusion and thus 
confirmed the immunomodulatory abilities of MSCs in GVHD management [53, 54]. 
Moreover, Bernardo and Fibbe pointed out that MSCs are able to alter their immu-
nosuppressive functions in accordance with the level of inflammation as they are 
“sensors and switchers” of the inflammatory process [51]. This makes MSC therapy 
complex and highly individualistic with the possibilities of specific patient factors 
determining the outcome of the treatment. 

In 2016, in a recently published meta-analysis, positive results were obtained with 
the use of MSCs, and it was shown that there was a 6-month survival advantage with 
MSC treatment in aGVHD cases. However, controlled studies supporting these results 
have not been published, and there is inconsistency between the results of studies 
on the benefit of MSCs in GVHD prevention [59, 64–66]. More studies are needed to 
determine whether there is a clinical benefit of MSCs in the treatment and prevention 
of GVHD. The number of studies on the use of MSCs in patients with chronic GVHD 
is limited and overall response rates have been found in a wide range. The number of 
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patients in these studies is quite small, and studies with larger populations are needed 
to obtain more reliable results [53]. 

In view of the optimistic yet inconsistent results of MSC treatment, MSC source 
selection optimization and dosing regimens alongside existing immunosuppressive 
therapies offer immense possibilities for future research. The further development of 
MSC exosomes and MSCs provides an opportunity to increase the therapeutic effi-
cacy of GVHD while alleviating side effects [55, 56]. Moreover, biomarker standard-
ization will enable better patient stratification and treatment customization in GVHD 
patients where MSCs are infused, thereby achieving more reliable responses [53]. In 
allogeneic HSCT, co-transplantation of MSCs with the graft may promote engraft-
ment, improve OS and CR, and reduce the risk of chronic GVHD. However, it is less 
effective in reducing the risk of developing acute GVHD and non-relapse mortality. In 
patients with chronic GVHD, IL-10 secreted from MSCs induces cd5-positive regula-
tory B cell formation and provides immune suppression by reducing inflammatory 
cytokine-producing T cell production [2, 67, 68]. 

In a meta-analysis conducted by Morata et al. on the use of MSCs in prophylaxis 
of chronic GVHD, it was shown that prophylactic use of bone marrow/umbilical 
cord-derived MSCs in pediatric and adult age group HSCT recipients may decrease 
the incidence of chronic GVHD and increase survival [69]. In 2010, Weng et al. 
conducted the first study on the use of bone marrow-derived MSCs in patients with 
refractory chronic GVHD after allogeneic HSCT. In the study, 14 of 19 patients (73.5% 
responded), 10 of them had CR and 4 patients had PR response. No side effects were 
observed in any of the patients during or after MSC infusion. In this study, 2-year sur-
vival was 77.7% and the idea that the use of MSCs can be applied as salvage therapy 
in refractory chronic GVHD was brought to the agenda with this publication [70]. 
In another study published in 2014, CR response was obtained in 5 patients and PR 
response was obtained in 23 patients, while no response was obtained in 10 patients 
in the 12-month follow-up of 38 chronic GVHD patients after MSC infusion [71]. 
Recently, in a meta-analysis published by Li et al. in 2021, similar to previous studies, 
it was shown that co-transplantation of MSCs in HSCT patients facilitated neutrophil 
and platelet engraftment, reduced the risk of chronic GVHD but did not affect the 
risk of relapse or mortality [72]. 

In animal models, it has been demonstrated that MSCs facilitate HSC engraftment 
and prevent the development of lethal GVHD with their immunomodulatory effects 
since they are progenitor cells of the bone marrow stroma, and the positive results 
associated with MSC infusion in humans overlap with these data. However, when the 
subgroup analyses of these studies were analyzed, it was observed that in children and 
adolescents who underwent HLA non-identical HSCT due to hematologic malignancy, 
co-transplantation of MSCs seemed to be the optimal treatment, while in HLA-
identical transplant recipients, OS rates were lower in those who received MSC co-
infusion compared to those who did not receive. Therefore, HLA-identical transplant 
recipients should be vigilant in terms of disease relapse after MSC co-infusion [72]. 

Gao et al. published a phase II, multicenter study investigating the efficacy and 
safety of post-transplant umbilical cord-derived MSCs in the prophylaxis of chronic 
GVHD in patients undergoing haploidentical HSCT for hematologic malignancy. 
The study included 124 patients from five different centers. A mean of two to four 
MSC infusions were performed, 17 (27.4%) patients in the MSC-infused group 
developed chronic GVHD, 14 (22.6%) of them had mild/moderate chronic GVHD, 4 
(4.8%) patients developed severe chronic GVHD. In the control group who did not 
receive MSC infusion, 30 patients (48.4%) developed chronic GVHD, 22 (35.5%) of 
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them had mild/moderate chronic GVHD, while 8 (12.9%) patients developed severe 
chronic GVHD [73]. At the end of the study, 41 patients with and 38 patients with-
out MSC infusion survived, while 37 patients had leukemia relapse and 8 patients 
had transplant-related mortality due to severe infection. Two-year OS rates were 
found to be 66.1% in patients who received MSC therapy and 61.3% in those who 
did not receive MSC infusion and were statistically insignificant [43]. In this study, 
although there was no change in the number of T cells, an increase in the number 
of T-reg cells and Th1/Th2 ratio was detected in the patients after the infusion of 
MSCs. Lei Gao et al. supported that an increase in the number of T-reg cells with 
MSC infusion decreases the incidence of chronic GVHD with this publication. An 
increase in Th2 cells is an important factor in increasing fibrosis and an increase in 
Th2 cells has been shown in chronic GVHD. Again, the decrease in Th2 in the studies 
of Lei et al. supports the idea that MSC infusion may be effective in preventing the 
development of chronic GVHD [43, 74]. 

In another recent 11-patient study by Boberg et al., bone marrow-derived MSC 
infusions were administered intermittently for a period of 6–12 months and six 
patients showed a decrease in GVHD-related symptoms and an increase in quality of 
life. After the infusions, an increase in naive B and T cells and T-reg cell count was 
detected [75]. 

In 2015, Peng et al. published a prospective study of 23 patients and as a result 
of this study, favorable results were obtained with the use of MSCs in patients with 
refractory chronic GVHD. CR or PR was achieved in 20 of 23 patients with chronic 
GVHD at 12-month follow-up, and it was that this clinical improvement may be due 
to an increase in the number of CD5-positive B cells producing IL-10, an immune 
suppressive cytokine, after MSC infusion [76]. 

The results of studies on the use of MSC in patients with chronic GVHD have 
been partially summarized here, and it is clear that more studies are needed to reach a 
clearer conclusion on the efficacy of MSC in chronic GVHD. 

4. Conclusion 

There have been many studies on MSC applications in patients with both acute 
GVHD and chronic GVHD, and as a result of the immunosuppressive and immune 
modulatory activity of MSCs, there is a majority of opinions supporting the efficacy 
of MSC infusion in the prevention of GVHD and alleviation of clinical findings. 
Although the number of studies on acute GVHD is higher than chronic GVHD in the 
literature, the number of publications on chronic GVHD has been increasing recently 
and the more the number of studies increases, the more new information is obtained 
about MSCs. The heterogeneity of the patient populations and the small number of 
patients in the study groups may be an important factor in the different results of the 
studies. In addition, the reasons for HSCT, different protocols, heterogeneity in the 
differentiation capacities of the differentiation capacity of the differentiated MSCs, 
and the different tissue from which the MSC originates may also explain the differ-
ences between the results. There is also a concern about disease relapse related to 
the use of MSCs due to immune suppression, and the data on this issue are not clear. 
With the advances in genetic engineering, cellular therapies are now utilized in many 
diseases and more studies are needed on these therapies. As a result of the widespread 
use of HSCT in the treatment of malignant/non-malignant hematologic diseases, the 
increase in the number of centers performing HSCT and the increase in the number 
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of HSCT and the associated increase in the incidence of GVHD, preventing GVHD 
and reducing GVHD-related mortality and morbidity should be an important health 
strategy. The studies indicating that the use of MSCs is effective in the prevention and 
treatment of GVHD are promising, but more and more comprehensive studies on this 
subject are needed. 
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