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Abstract

BACKGROUND

Graft-versus-host disease (GVHD) following liver transplantation (LT) is an
unpredictable complication with poor outcome. However, consensus regarding
the diagnosis and therapeutic regimen for the disease is yet lacking. The present
study summarized the clinical experience on the diagnosis and treatment of acute
GVHD (aGVHD) following LT and reviewed the pertinent literature.

CASE SUMMARY

Between January 1%, 2000 and December 31¢, 2020, a total of 1053 LT were
performed in the First Affiliated Hospital of Xi’an Jiaotong University. Six
recipients developed aGVHD with clinical symptoms of fever, rash, diarrhea, and
pancytopenia. The incidence of aGVHD was 0.57%. The median time from LT to
the clinical presentation of aGVHD was 22.17 d. The median time from the
beginning of the clinical symptom to histopathological diagnosis was 7.5 d. All six
cases underwent treatment of immunosuppressant adjustment, corticosteroids,
human normal immunoglobulin, and antithymocyte globulin/IL-2 antagonists.
Despite intensive treatment strategies, 4 patients were deceased due to sepsis,
multiple organ failure, and cerebral hemorrhage. The remaining two cases were
discharged as treatment successfully. However, one died because of tuberculosis
infection on the 6th month of follow-up, the other one was alive healthy during 30
mo of follow-up.

CONCLUSION

The rapid diagnosis of aGVHD is mainly based on the time from the first
symptom, histopathological features, and the donor T-lymphocyte chimerism.
Our cases report highlights massive corticosteroid therapy and age difference
between donors and recipients could accelerate to aGVHD. Moreover, gut
microbial interventions and donor-targeted serotherapy may provide novel
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Core Tip: Acute graft-versus-host disease (aGVHD) is rare after liver transplantation
(LT) with an incidence rate of 0.57% and the high mortality (up to 83.33%), which
poses a critical challenge to our hospital. The diagnosis of aGVHD mainly depends on
clinical symptoms, laboratory examinations especially donor T-lymphocytes
chimerism analysis and histopathological. The larger the age distribution and the
earlier the first symptoms, it is herald that the more rapid the progression in post-LT
aGVHD. The most appear steroid-resistant in post-LT aGVHD. Thus, lower the dose
of the corticosteroids, improved antibiotic stewardship, Particularly, gut microbial
interventions and donor-targeted serotherapy may provide novel therapeutics.

Citation: Tian M, Lyu Y, Wang B, Liu C, Yu L, Shi JH, Liu XM, Zhang XG, Guo K, Li Y, Hu
LS. Diagnosis and treatment of acute graft-versus-host disease after liver transplantation:
Report of six cases. World J Clin Cases 2021; 9(30): 9255-9268

URL: https://www.wjgnet.com/2307-8960/full/v9/i30/9255.htm

DOI: https://dx.doi.org/10.12998/wjcc.v9.i30.9255

INTRODUCTION

Graft-versus-host disease (GVHD) is defined as the recognition of the recipient tissue
antigens as foreign and antagonistic reactions by donor lymphocytes. GVHD is a rare
but frequently lethal complication after solid organ transplantation (SOT). Acute
GVHD (aGVHD) is rare after liver transplantation (LT) than hematopoietic stem cell
transplantation (HSCT) with an estimated incidence rate of 0.5%-2%; the high
mortality associated with this complication (up to 85%) poses a critical challenge[1-3].
aGVHD after LT could present between 1 and 8 weeks post-transplantation. Chronic
GVHD (cGVHD) which is rare poorly understood presents a delayed onset (typically >
100 d after LT)[4]. The variable incidence when comparing single-center data could be
attributed to the differences in diagnostic criteria, the disease, and early symptoms,
which are often non-specific. Thus, consensus regarding GVHD diagnosis and
therapeutic regimen is lacking.

Organs which are commonly affected by GVHD after LT are skin, gastrointestinal
(GI) tract, and bone marrow. Hence, the frequently encountered clinical signs and
symptoms including fever, rash, and diarrhea. On the other hand, pancytopenia is
observed in advanced stages of the disease[l]. Pancytopenia, diarrhea, the age
difference between donor and recipient, and time from the occurrence of the first
symptom to diagnosis and treatment are known as the risk factors that affecting
GVHD-related mortality[5]. The most common causes of death in patients with GVHD
include sepsis, multiorgan failure, and GI bleeding[3]. The diagnosis of GVHD is
challenging, owing to the overlap in the clinical presentation of drug reactions and
viral infection. Therefore, early diagnosis is difficult and requires a high index of
clinical suspicion. In this study, we aimed to share our experience of six patients who
developed aGVHD after LT, in order to emphasize the importance of early diagnosis
and treatment of the disease.

CASE PRESENTATION

Chief complaints

Between January 1%, 2000 and December 31, 2020, a total of 1053 orthotopic LT (OLT)
procedures were performed in the Liver Transplantation Institute in the First
Affiliated Hospital of Xi’an Jiao Tong University, Shaanxi, China. Six patients
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presented (all males) signs and symptoms compatible with aGVHD were enrolled.
Demographic and some characteristics of six LT patients with aGVHD are shown in
Table 1. The chief complaints of the patients are shown in Table 2. Five of the six
patients (case 1, 3, 4, 5, 6) had the initial symptom of fever, the highest temperature
was 38.5-40°C, the other one (case 2) had initial symptom of pancytopenia. Two
patients (case 5, 6) were discharged from hospital because of condition improved on 13
d and 17 d post-LT, whereas readmission to the hospital because of severe fever and
rash. Four patients (case 1, 2, 3, 4) developed aGVHD shortly post-LT.

History of present illness

The etiology for OLT of six patients were as follows: hepatitis B virus (HBV) + hepato-
cellular carcinoma (HCC) (case 3), HCC + liver cirrhosis (case 1), OLT+HBV+HCC
(case 4), and HBV + liver cirrhosis (case 2, 5, 6). The common symptoms of aGVHD
post-LT including fever, skin rash, diarrhea, and pancytopenia. Fever and skin rash
were common initial symptoms in aGVHD patients (Table 2). The skin rash in GVHD
is non-specific[6]. It is erythematous, maculopapular, and can involve any part of the
body, including palms, soles, face, neck, limbs, and the volar surfaces of extremities
and trunk. Finally, necrosis and denudation of the epidermis are observed. Oral
mucosal ulcerations formed at the same time in all patients. Herein, four patients (case
1, 3, 5, 6) showed involvement of skin, GI tract, and bone marrow (Table 2). The other
two patients (case 2, 4) showed skin and bone marrow involvement, and one of them
(case 4) also showed an involvement of the central nervous system (CNS). Case 4
initially presented fever (38.5°C) and skin rash on day 17 post-LT, but then progressed
rapidly to loss of consciousness and pancytopenia that might be related to this disease.
Before readmission to our department, one patient (cases 6) was misdiagnosed with
drug reactions and viral infection.

History of past illness

There was no history of essential hypertension, diabetes mellitus, or relevant
cerebrovascular disease in the 6 patients. One patient (case 1) suffered from HCC
combined with liver cirrhosis, and he received transcatheter arterial chemoembol-
ization before OLT. One patient (case 4) underwent OLT due to HBV combined with
HCC 13 years before, and a retransplantation was performed due to HCC recurrence.
One patient (case 3) suffered from hepatocellular cancer with HBV before OLT. Three
cases (case 2, 5, 6) suffered from hepatitis B cirrhosis before OLT.

Personal and family history
Four patients had smoking history. Family members of the patients had no history of
confirmed malignant tumours and viral hepatitis.

Physical examination

Blood pressure, respiratory rate, and heart rate were all in the normal range on began
to come on except the body temperature was 38.5-40°C. Oral mucosal ulcerations were
found in all patients. There was no other obvious physical sign except skin rash in all
patients, such as the skin rash in case 5 (Figure 1), and case 6 (Figure 2). It is erythe-
matous, maculopapular, and can involve palms, soles, face, neck, limbs, and the volar
surfaces of extremities and trunk.

Laboratory examinations

Laboratory examinations revealed progressive pancytopenia with a significant
decrease of white blood cell (WBC), hemoglobin and platelets (PLT), especially the
WBC decreased most significantly, the lowest down to 0.05 x 10°/L (normal range, 3.5-
9.5 x10°/L), PLT decreased to 12 x 10°/L (normal range, 125-350 x 10°/L). While liver
function was in the normal range in all patients. The serum cytomegalovirus (CMV) or
Epstein-Barr virus (EB) were negative. Special strains and cultures for fungi, bacteria,
and viruses were negative.

Imaging examinations

The chest computed tomography/X-ray examination showed no inflammation
present. Skin biopsy and bone marrow biopsy were performed as soon as aGVHD was
suspected, on pathological evaluation most of epidermal vacuolization and
lymphocytic infiltration in case 5 and case 6 (Figure 3 and Figure 4), and bone marrow
smear and biopsy revealed complete aplasia in patients in case 3 (Figure 5).
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Table 1 Demographic and some characteristics of six liver transplantation patients with acute graft-versus-host disease

Patients Recipient  Recipient Etiolo LT Date of Recipient blood Donor blood Donor  Age disparity donor-
age sex 9y type OLT type type age recipient

Casel 64 Male HCC, liver OLT 2003 B B 43 21
cirrhosis

Case 2 59 Male HBV, liver OLT 2006 A A 50 9
cirrhosis

Case 3 53 Male HCC, HBV, liver OLT 2016 A A 51 2
cirrhosis

Cased 63 Male HCC, HBV,OLT OLT 2018 (¢) () 31 32

Case 5 40 Male HBYV, liver OLT 2018 B B 46 6
cirrhosis

Case 6 64 Male HBYV, liver OLT 2019 B B 52 12
cirrhosis

LT: Liver transplantation; OLT: Orthotopic liver transplantation; HBV: Hepatitis B virus; HCC: Hepatocellular carcinoma.

Table 2 Main clinical characteristics of six liver transplantation patients with acute graft-versus-host disease

From
- . . FromLT  From GVHD . GVHD  Ferritin . .
. Initial Involved LTto Diagnostic Skin Survival Mortality
Patients to . related level
symptom systems GVHD tools . . . biopsy day cause
(d) biopsy(d) diagnosis(d) death  (ng/mL)
Case 1 Fever Skin, GI, 15 Skin biopsy, 24 9 Grade  Yes - 31 Cerebral
BM bone marrow I hemorrhage
smear
Case 2 Pancytopenia Skin, BM 28 Skin biopsy, 32 4 Grade No - 180 Tuberculosis
bone marrow I
smear
Case 3 Fever Skin, GI, 24 Skin biopsy, 34 10 Grade  Yes - 51 Sepsis
BM bone marrow I
smear
Case 4 Fever Skin, BM, 17 Skin biopsy 19 2 Grade  Yes 31527 21 Sepsis
CNS it
Case 5 Fever Skin, GI, 31 Skin biopsy, 38 7 Grade No - Alive -
BM bone marrow 1I
smear
Case 6 Fever Skin, GI, 18 Skin biopsy 31 13 Grade  Yes - 45 Sepsis
BM 1T

LT: Liver transplantation; GVHD: Graft-versus-host disease; GI: Gastrointestinal; BM: Bone marrow.
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MULTIDISCIPLINARY EXPERT CONSULTATION

Multidisciplinary expert consultation was conducted for all the patient who was
suspected of aGVHD post-LT in our LT center, because aGVHD following LT is a rare
complication with poor outcome. Multidisciplinary experts from departments
including hematology, dermatology, infection, kidney transplantation, rheumatology
participate in the consultation. Experts mainly suggested that considering the time of
onset, appearance of skin lesions and distribution, aGVHD is highly suspected, and
skin biopsy and bone marrow biopsy should be performed immediately. Patients with
impaired consciousness need to take cerebrospinal fluid testing. Massive corticosteroid
therapy was suggested to be the main treatment and anti-infection treatment should
be strengthened. Myelosuppression should be improved as soon as possible combined
with blood purification to reduce immune response.
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Figure 1 The skin rash evolution of acute graft-versus-host disease occurred in case 5. A: On day 34 after liver transplantation (LT), he developed a
maculo-papular skin rash on his palm, neck and upper extremities; B: On day 36 after LT, the rash progresses to the trunk, where it is partially fused into flakes, with
extensive desquamation and flushing of the skin; C: On day 40 after LT, the skin rash was reduced and lighter in color, accompanied by extensive desquamation.

FINAL DIAGNOSIS

Currently, there is no widely accepted clinical or laboratory diagnostic test for GVHD.
A high index of suspicion for diagnosis would be beneficial for the early diagnosis and
treatment. Any patient presenting fever, skin rash, diarrhea, and pancytopenia after
LT was suspected of aGVHD. If the biopsies revealed GVHD, treatment was started
immediately.

The histopathological grading of skin involvement was as follows[3]: vacuolar
alteration of the basal layer (grade I), keratinocyte apoptosis, and lymphocytic infilt-
ration of the dermo-epidermal layer (grade II), dermo-epidermal separation and
vesicle formation (grade III), and necrosis and denudation of epidermis (grade IV).
Histopathologically, severe GVHD was defined as grade III and IV, while mild GVHD
was defined as grade I and II. aGVHD was confirmed by skin biopsy and bone
marrow smear in all 6 patients (Table 2). Severe GVHD was observed in 2 patients
(case 4, 6), and mild GVHD was detected in 4 patients (case 1, 2, 3, 5).

Moreover, we detected the classification and analysis of peripheral blood T
lymphocytes in recipients and found that the proportion of CD3+CD8+ T cell
increased gradually (from 81.06% to 85.9%), while the CD4/CDS ratio was decreased
(from 0.19 to 0.13) in case 4, indicating progressive deterioration of patient's GVHD. A
similar situation was observed in case 6, and the proportion of CD3+CD8+ T cells in
peripheral blood lymphocytes was 89.21%; the CD4/CD8 ratio was 0.05. The aGVHD
progressed rapidly in those cases, and both patients were deceased However, aGVHD
was detected and cured in case 5, the proportion of CD3+CD8+ T cells of peripheral
blood lymphocytes was 49.7%, and the CD4/CD8 ratio was 0.37. This suggested that a
high proportion of CD3+CD8+ T cells in peripheral blood T-lymphocytes of recipients
persistently increases after LT with compatible clinical and histological features of
GVHD and is associated with the eventual development of aGVHD after LT.
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Figure 2 The skin rash evolution of acute graft-versus-host disease occurred in case 6. A: On day 30 after liver transplantation (LT), he developed a
maculo-papular skin rash on his palm, neck and limbs; B, C: On day 35 after LT, the skin rash gradually evolved into an erythematous maculopapular appearance,
accompanied by partially confluent outbreak, it spread to the palm, face, neck, chest, and limbs.

Figure 3 The abdominal skin biopsy showed that skin involvement with acute graft-versus-host disease in case 5 (Haematoxylin-eosin
staining, HE x 200 times). Small abdominal skin tissue, hyperkeratosis and dyskeratosis of the epidermis, lymphocyte infiltration around small vessels in the
dermal line and around skin appendages, hyperplasia and sclerosis of the dermal fibrous tissue.

TREATMENT

Routine immunosuppression protocols of post-LT

The first methylprednisolone (10 mg/kg) dose was administered immediately before
the portal vein opening during graft implantation. This dose was tapered from 100
mg/d to 20 mg/d during the postoperative period. The administration was stopped at
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Figure 4 The right forearm skin biopsy showed that skin involvement with acute graft-versus-host disease in case 6 (Haematoxylin-eosin
staining, HE x 200 times). The right forearm skin tissue, the base layer of squamous epithelium is liquefied and degeneration. The localized area of the spinous
cell layer was edema, focal necrosis and a few dyskeratosis cells were observed, and a few lymphocytes and other inflammatory cells were infiltrated in the

superficial dermis.

Figure 5 The bone marrow smear and bone marrow biopsy in case 3. The images showed that the hyperplasia of bone marrow was extremely inhibited,
the hyperplasia of granulocytes and erythrocytes was inhibited, lymphocytes accounted for 86%, and the morphology was generally normal. A (M x 400 times): Bone
marrow smear; B (GO x 400 times): Bone marrow biopsy.

JBaishideng®

1 mo postoperatively, except in patients with autoimmune hepatitis, primary
sclerosing cholangitis, or primary biliary cirrhosis. Postoperative steroid-free therapy
was used for HCC patients. Tacrolimus/cyclosporin and mycophenolate mofetil were
initiated on days 1-3 postoperatively. The primary goal was to maintain the valley
concentration in tacrolimus or the peak concentration in cyclosporin at 5-8 ng/mL and
600-800 ng/mL in 1-3 mo, respectively.

Isolation and protection of after aGVHD

All patients were isolated and transferred to the surgical intensive care unit in the
critical condition of aGVHD. Special nurses were arranged to carry out respiratory
tract and digestive tract protection treatments.

Treatment regimen of aGVHD

Immunosuppressant adjustment: Administration of tacrolimus remained unchanged
(case 1, 5, 6) or tacrolimus was decreased (case 4) and cyclosporin were decreased (case
2,3) (Table 3).

Corticosteroid regimen: As soon as aGVHD was diagnosed or highly suspected,
methylprednisolone was administered, and the initial dose was approximately 7-10
mg/kg/d for 2-3 d, and tapered to 20 mg within a week.
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Table 3 The treatment and prognosis of six graft-versus-host disease patients

Immunosuppressant G-
Patients Methylprednisolone ] a - TNF-o, T IVIG CRRT CSF/GM-
acrolimus closporin asiliximab/Zenapax
yelosp PEX " innibitor CSF
Case 1 10 mg/kg/d + - Zenapax (2 doses) - - + - +
Case 2 10 mg/kg/d - l - o - + - +
Case 3 8 mg/kg/d - l - - 50 + - +
mg/d, 2
d
Case 4 10 mg/kg/d | - - Infliximab, - + + +
300 mg/d, 1d
Case 5 7 mg/kg/d + = - - - + - +
Case 6 8 mg/kg/d + - Basiliximab (2 doses) - - + - +

TNF-o: Tumor necrosis factor-alpha; IVIG: Human normal immunoglobulin; CRRT: Continuous renal replacement therapy; G-CSF: Granulocyte colony-
stimulating factor; GM-CSF: Granulocyte-macrophage colony-stimulating factor.

Human normal immunoglobulin: As soon as aGVHD was diagnosed or highly
suspected, human normal immunoglobulin was administered for 3-5 d, and the dose
was approximately 0.15-0.2 g/kg/d;

Other joint programs: A dost of 20 mg basiliximab/Zenapax was administered
intravenously every 4 d in cases 1 and case 6, a total of 2 agent. While antithymocyte
globulin (ATG) 50 mg/d for two days in case 3 and tumor necrosis factor-alpha (TNF-
a) inhibitor (Infliximab) 300 mg/d for one day in case 4.

Support treatment

Improve myelosuppression: Granulocyte colony-stimulating factor, granulocyte-
macrophage colony-stimulating factor, and thrombopoietin were applied in all cases
until myelosuppression was improved.

Antibiotics: Patients with pancytopenia related to aGVHD after LT and corticosteroids
regimen were at an elevated risk for opportunistic infections, sepsis, and death. The
broad-spectrum antibacterial, antiviral, and antifungal prophylaxis were administered
early during the disease.

Nutrition support therapy: Severe protein-calorie malnutrition as a result of GVHD
led to protein-losing enteropathy and malabsorption, which are common and should
be treated with 1.5 g/kg/d protein in addition to vitamin, micronutrient, and essential
trace element replacement therapy.

Other treatment: One patient (case 4) developed renal insufficiency and no urine
during treatment and was treated with continuous renal replacement therapy.

OUTCOME AND FOLLOW-UP

The prevalence of GVHD in our institute was 0.57%. The median recipient and donor
ages were 57.17 + 9.41 years and 45.50 £ 7.87years, respectively. The median disparity
between the recipient and donor age was 13.67+ 11.04 years. The ABO blood group
matching was identical in all patients (Table 1 and Table 2). The age disparity of the
donor-recipient was > 20 years in two cases: 21- and 32-years for case 1 and case 4,
respectively. The initial symptoms of aGVHD occurred in these patients post-LT
earlier than others at 15 d and 17 d, respectively. One of the critical findings was that
the greater the age disparity, the faster the progression and the higher the mortality in
aGVHD after LT.

The median time from LT until the clinical presentation of GVHD was 22.17 + 6.49 d
(Table 2). The median time from the beginning of the clinical symptom to histopatho-
logical diagnosis was 7.50 + 4.04 d. Three patients (case 2, 4, 5) were diagnosed as
GVHD by histopathology within 1 wk after clinical manifestations. The remaining
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three patients (case 1, 3, 6) were confirmed on days 9, 10, and 13, respectively.

Despite intensive treatment strategies, 4/6 (66.67%) patients (case 1, 3, 4, and 6) died
due to sepsis, multiple organ failure, and cerebral hemorrhage. One of them (case 4)
had several risk factors contributing to the development of aGVHD include donor-
recipient age disparity of > 30 years, retransplantation, and HCC recurrence, and the
aGVHD progressed rapidly and developed symptoms of the CNS. Despite the
aggressive treatment with methylprednisolone and TNF-a inhibitor, the patient died
after 21 d. Only two patients (case 2, 5) were discharged due to successful treatment.
Case 2 recovered on day 10 after mild bone marrow suppression, and the skin rash
subsided gradually. The patient died due to tuberculosis on the 6th month of follow-
up[7]. Case 5 patient recovered on day 23 after severe bone marrow suppression, and
the skin rash subsided gradually. The patient was alive and healthy without complic-
ations during 30 mo of follow-up. Thus, the overall mortality rate was 83.33% (5/6
patients) in aGVHD after LT at our hospital.

DISCUSSION

GVHD may be divided into two groups, humoral and cellular, according to the
underlying immunological mechanism[8]. Humoral-type GVHD occurs in ABO blood
group patients with incompatible or nonidentical liver grafts and is mediated by
antibody production by donor T lymphocytes against the red cell antigen of the
recipient. It is characterized by fever and hemolysis; the symptoms are mild with
hemolytic anemia[1,9]. On the other hand, cellular-type GVHD is a rare complication
with high mortality. It arises due to a major histocompatibility complex (MHC)
mismatch, which affects the activation and clonal expansion of cytotoxic donor T
lymphocytes. Some conditions are required for GVHD development following
transplantation[10]: (1) presence of immunocompetent T lymphocytes in the
transplanted graft; (2) differences in human leukocyte antigen (HLA) between the
donor and recipient; and (3) inability of the recipient to eliminate donor-induced
lymphocytes.

The GVHD pathogenesis was first described by Billingham[11] in 1966.
Subsequently, Burdick ef al[12] published their first case report of GVHD development
following LT in 1988. In 2004, Taylor et al[13] described a three-phase model for the
development of GVHD after LT, which was extrapolated from the experience with
GVHD after stem cell transplant. Phase 1 is characterized by a pre-LT immunocom-
promised, inflammatory state that enhances host antigen-presenting cells (APCs) via
upregulated MHC class I and II expression. Phase 2 occurs after LT, with the transfer
of immunocompetent donor leukocytes. These passenger lymphocytes are activated
upon interaction with the upregulated host APC HLA peptides. In the presence of
MHC mismatch after LT, these activated lymphocytes undergo IL-2-dependent clonal
expansion, favoring the expression of memory cells and cytotoxic effector cells. Phase
3 is characterized by cell death and tissue dysfunction, which are effectuated by the
cytotoxic donor T lymphocytes targeting antigens expressed by the host tissue[9,11,
14].

Some risk factors contributing to the development of GVHD after LT include
complete HLA matching, HLA class I match, donor-recipient age disparity of > 20
years, retransplantation, rejection before GVHD, autoimmune hepatitis, HCC, and
viral infections (CMV and HSV)[3]. The patients in the current study presented one or
more risk factors, including age disparity > 20 years (case 1 and 4), retransplantation
(case 4), and HCC (case 1, 3, and 4) (Table 2).

The most common target organs of donor-induced lymphocytes in post-LT GVHD
are skin, GI mucosa, and bone marrow[15]. Since the liver graft is not one of the target
organs, hepatic functions are normal[10]. Skin rash is maculopapular but may develop
into bullous formation, followed by desquamation of the whole body over a period
[16]. Bone marrow involvement occurs as thrombocytopenia, anemia, leucopenia, or
pancytopenia. Diarrhea episodes with different severity may develop secondary to the
destruction of GI epithelium[13]. There is accumulating evidence from the literature
[17] that early GVHD may be directed also against other tissues. In particular, organs
such as kidney, CNS, and lungs may be involved in patients experiencing aGVHD
after allogeneic hematopoietic stem cell transplantation. Pahari et al[18] reported the
first case of CNS-GVHD following LT. Subsequently, seizures and altered mental
status were recorded, and the patient died of sepsis and multiorgan failure. In the
current study, the common first symptoms, skin rash (100%) and fever (83.33%),
typically occurred on day 22.
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The diagnosis of GVHD is challenging, but currently, there is no widely accepted
clinical or laboratory diagnostic test for GVHD. Early cultures (including fungal blood
cultures and stool for Clostridium difficile), serum CMV or EB PCR, and chest
radiography were conducted to exclude competing infections. Skin biopsies
(epidermal vacuolization and lymphocytic exocytosis) or colonoscopy/flexible
sigmoidoscopy (crypt apoptosis) and bone marrow (marrow hypoplasia/aplasia) must
be performed to exclude competing etiologies and provide diagnostic clarity in GVHD
[3]. Differential diagnosis is critical for GVHD early treatment initiation. The differ-
ential diagnosis of GVHD after LT includes drug reactions, graft rejection, and
bacterial (C. difficile) or viral (CMV) infections[15].

Taylor et al[13] investigated the presence of donor lymphocyte chimerism in
recipient peripheral blood as a diagnostic aid for GVHD after LT. The donor
lymphocyte microchimerism (< 1% donor lymphocyte chimerism) is often seen in LT
recipients and is deemed crucial for immune tolerance and graft acceptance by the
host. However, macrochimerism (1%-80%), i.e., donor lymphocyte chimerism in
recipient tissues (peripheral blood, skin, GI tract, bone marrow, or buccal mucosa),
especially with a high proportion of CD8+ T cells, persists 3-4 wk after LT and thus is
associated with the eventual development of GVHD. Recently, chimerism analysis
assessed the donor DNA using fluorescent in situ hybridization and the short tandem
repeat (STR) loci to quantitate the donor’s contribution to any of the nucleated cell
populations in the skin, peripheral blood, GI mucosa, and/or bone marrow, and
cerebrospinal fluid[18,19].

Whereas, there were some data of other reported different. Zhao et al[20] reported
that they detected peripheral blood donor T-lymphocyte chimerism in 55 peripheral
blood samples by STR-PCR in post-LT, and found donor T-lymphocytes chimerism in
11 peripheral blood samples. Among these 11 recipients, eight recipients finally
developed aGVHD, and the percentages of donor T-lymphocytes chimerism were >
10% (21.0%-98%), and the percentage for the other three recipients were < 10% and
had no aGVHD. Noguchi et al[21] reported that a GVHD case in a 59-year-old woman
with dermatomyositis-associated interstitial pneumonia, who took immunosup-
pressants including corticosteroids before receiving right lung transplantation from a
13-year-old brain-dead male donor. She developed systemic erythema with
desquamation and pancytopenia by day 20, and she was diagnosed with GVHD
following examination of bone marrow aspiration results that 15% of nucleated cells
were donor type on day 27. Corticosteroid pulse therapy reduced the symptoms and
decreased donor-type cell percentage. However, chimerism analysis of peripheral
blood on day 68 revealed that 95% granulocytes were recipient type, but 95% T cells
were Donor type. The patient died of multiple organ failure despite treatment. In this
case, donor T-lymphocytes chimerism preceded whole blood donor chimerism and the
deterioration of GVHD.

Though chimerism is an important investigation, presence of chimerism in absence
of clinical symptoms and histological findings is non-specific, making macrochi-
merism only a diagnostic tool[2,19,22]. Given that whole-blood chimerism analysis can
underestimate donor type cell chimerism because of the presence of abundant
granulocytes, donor T-lymphocytes chimerism might be useful for the early diagnosis
of GVHD. It has been suggested that an increased level of donor CD8+ T/NK cells >
10% is indicative of GVHD. Also the severity and duration of chimerism varies with
the evolution of patient and monitoring donor T-lymphocytes chimerism in these
target organs, even after treatment and resolution of symptoms, could guide the
treatment[23].

Since we do not donor T-lymphocyte chimerism analysis in the six patients with
aGVHD in previously, we make a diagnosis and differential diagnosis of aGVHD
based on the time of the first symptoms, clinical manifestations, laboratory testing, and
microbiological and histopathological data. With the rapid development of science,
chimerism analysis assessed to quantitate the donor’s contribution populations to any
of the nucleated cell can be an important diagnostic indicator of aGVHD after LT.
Dynamic detection of chimerism analysis is more beneficial to early diagnosis and
treatment guidance.

In addition, it was found in one patient (case 4) that Ferritin level was markedly
elevated (31527 ng/mL, range: 30-400 ng/mL). This phenomenon was consistent with
that reported by Murali et al[3], wherein the mean ferritin peak in patients who died of
GVHD was 9930 ng/mL (range: 2225-20333), while that in the surviving patient was
733 ng/mL. Ferritin level also can be an important diagnostic indicator of aGVHD
after LT.
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The evidence guiding therapy for post-LT aGVHD is limited, and without
prospective clinical trials for reference, most options are related to several other single-
center reported cases with treatment experience and extrapolated experience from
aGVHD of HSCT patients. The standard treatment of post-HSCT patients is based on
systemic steroids, which might result in a sustained response in 60% of the patients[24,
25]. In a seminal study, MacMillan et al[26] showed that first-line therapy of aGVHD
with corticosteroids (60 mg daily followed by an 8-wk taper) resulted in response rates
of 50% and 1-year survival of 53%. As a result, corticosteroids remain a cornerstone of
the initial treatment of aGVHD in post-LT. Strikingly, post-LT aGVHD is less
responsive to corticosteroid corticosteroids than post-HSCT aGVHD, and most appear
steroid-resistant aGVHD[27]. A therapeutic option for SOT-associated GVHD is to
hinder the activation of donor T cells by increasing immunosuppression. However,
this might increase the risk of lethal infections. On the other hand, reduction and even
complete withdrawal immunosuppression facilitate host T cells to balance out their
donor counterparts and lead to either graft rejection or GVHD worsening. Neither of
the two conflicting strategies has yielded satisfactory results[3].

Despite several studies in post-HSCT aGVHD, no agents for the treatment of
corticosteroids resistant or refractory GVHD have emerged as a gold standard to
alleviate the dismal outcome for these patients[28]. Ruxolitinib, a Janus kinase
inhibitor, has recently emerged as a promising treatment for steroid-refractory
aGVHD in post-HSCT[29,30]. Furthermore, some research indicate that[31,32] the
effective and safe use of Tocilizumab as a rescue treatment in a patient with steroid-
refractory aGVHD. However, ruxolitinib and tocilizumab for SOT-associated aGVHD
are absent experience, which could make it an interesting option for the treatment of
this potentially fatal complication. Therefore, treatment of steroid-resistant aGVHD is
an unmet clinical need in solid organ transplantation.

Without strong evidence guiding therapy to steroid-resistant aGVHD in solid organ
transplantation, and the search for better prophylactic and therapeutic strategies is
critical to improve transplant out-comes. Furthermore, the high rate of myelosup-
pression and infection is a major cause of high mortality in aGVHD after LT. As a
result, a broad-spectrum antibacterial, antiviral, and antifungal prophylaxis should be
administered early in the disease process[33]. Recently, Zhao et al[20] suggest that
aGVHD patients caused by the addition of immunosuppressive agents as "aGVHD
induced by immunosuppression". Thus, lower-dose corticosteroids (1.5 mg/kg/d
within one week) for aGVHD after LT could to improve transplant out-comes, and try
to avoid repeated corticosteroid therapy otherwise it would highly promote the
progression of aGVHD.

Strikingly, GVHD after LT is less responsive to corticosteroids than GVHD after
HSCT. Therefore, most patients were administered additional immunosuppression,
which include sirolimus, abatacept, anti-lymphocyte globulin (rituximab), or ATG,
TNF-o inhibitors (both infliximab and etanercept) and IL-2 receptor (CD25) antibodies
(basiliximab and daclizumab) in patients[3,34]. However, these agents have been used
in a trial in a few patients (including our patients) after LT with variable and inefficient
results. Therefore, we also believe that the increase of immunosuppressant could
induce the rapid progression of aGVHD after LT. Furthermore, the target organs of
aGVHD are injured by cytokines and inflammatory mediators, and blood purification
could effectively remove these cytokines and inflammatory mediators, which might
play an active role in the treatment of aGVHD.

Recently, several studies found that human pathologies and diseases are linked to
the gut microbiota. Animal and human studies have shown that gut microbial
populations and diversity are altered after allogeneic transplantations, such as LT and
HSCT[35-37]. Moreover, when complications, such as infection, rejection, and GVHD
occur, gut microbial populations and diversity present a significant dysbiosis. A better
understanding of the correlation between gut microbiota and complications after
allogeneic transplantation might promote gut microbiota as a therapeutic target in the
future. Furthermore, these interventions might include truncated use of antibiotics in
afebrile neutropenic patients[38] or improved antibiotic stewardship with reduced use
of antibiotics, such as carbapenems and piperacillin-tazobactam, to preserve gut
microbial diversity[39]. Conversely, active measures should be explored in-depth to
determine whether fecal microbiota transplants[40] and engineered microbial
interventions reduce GVHD risk and successfully treat patients with GVHD.

Zuber et al[41] presented an innovative strategy, donor-targeted therapy would
ideally mitigate graft-versus-host reactivity while sparing recipient immune functions.
It was termed donor-targeted serotherapy, based on the adoptive transfer of anti-HLA
donor-specific antibodies for the treatment of refractory GVHD in HLA-mismatched
settings. The two children with end-stage renal disease developed severe steroid-
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resistant acute GVHD along with full and sustained donor T cell chimerism after
isolated kidney transplantation. They used this novel therapeutic approach, wherein
aGVHD symptoms were promptly resolved in one child. The study provided a proof-
of-concept for a highly targeted novel therapeutic strategy for SOT-associated GVHD.

CONCLUSION

Presently, GVHD is a rare complication after LT lacking universal treatment guidelines
but a high mortality rate (5/6 patients, 83.33%). The diagnosis mainly depends on
clinical symptoms and laboratory examinations, especially donor lymphocytes
chimerism analysis and histopathological findings. We considered that donor T-
lymphocyte chimerism STR is of paramount importance for the diagnosis of aGVHD.
Herein, we incorporated STR into the aGVHD diagnostic criteria and dynamic
monitoring. Because early diagnosis and treatment are critical, a confirmatory test is
not essential. Corticosteroids have been the mainstay of therapy in post-LT aGVHD.
However, aGVHD after LT is less responsive to corticosteroids, and most appear
steroid-resistant aGVHD. Therefore, treatment strategies to mitigate mortality are
paramount, and prospective clinical trials with novel therapeutics are imperative.
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