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Abstract
BACKGROUND 
Central nervous system graft-vs-host disease (CNS-GVHD) is a rare cause of CNS 
disorders after allogeneic hematopoietic stem cell transplantation. Currently, 
establishing a diagnosis of CNS-GVHD is challenging because the diagnostic 
criteria and diagnostic methods are not well defined and many confounding 
factors need to be ruled out.

CASE SUMMARY 
Here, we present two patients with CNS-GVHD. Both patients with a history of 
acute GVHD or chronic GVHD developed neurological symptoms that could not 
be explained by other causes, and had abnormal cerebrospinal fluid (CSF) studies 
as determined by CSF and blood immune biomarker examinations, suggestive of 
suspected CNS-GVHD. Due to the lack of specific magnetic resonance imaging 
abnormalities and the rapid clinical deterioration of the patients, we did not 
attempt to perform a brain biopsy, but prompted the initiation of empirical 
immunosuppressive therapy. In view of the rapid and favorable response to local 
and systematic immunosuppressive treatment and the aforementioned neurologic 
manifestations together with CSF abnormalities and other negative findings, a 
final diagnosis of CNS-GVHD was made.
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CONCLUSION 
CSF and blood immune biomarker examinations facilitated the diagnosis of CNS-
GVHD, which are particularly suitable for patients who are critically ill and 
require urgent treatment and for those who are unsuitable for invasive diagnostic 
procedures.

Key Words: Biomarkers; Immunology; Hematopoietic stem cell transplantation; Graft vs 
host disease; Central nervous system; Diagnosis; Case report
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Core Tip: We systematically report the diagnostic methods used for central nervous 
system graft-vs-host disease and present our own diagnostic criteria. Furthermore, we 
propose that non-invasive tools, especially cerebrospinal fluid and blood immune 
biomarker examinations, facilitated the diagnosis of central nervous system graft-vs-
host disease, which are particularly suitable for patients who are critically ill and 
require urgent treatment and for those who are unsuitable for invasive diagnostic 
procedures.

Citation: Lyu HR, He XY, Hao HJ, Lu WY, Jin X, Zhao YJ, Zhao MF. Noninvasive tools based 
on immune biomarkers for the diagnosis of central nervous system graft-vs-host disease: Two 
case reports and a review of the literature. World J Clin Cases 2021; 9(6): 1359-1366
URL: https://www.wjgnet.com/2307-8960/full/v9/i6/1359.htm
DOI: https://dx.doi.org/10.12998/wjcc.v9.i6.1359

INTRODUCTION
Allogenic hematopoietic stem cell transplantation (allo-HSCT) is currently the only 
treatment strategy that has the potential to cure hematological malignancies. However, 
central nervous system (CNS) complications following transplantation pose a risk to 
patient survival[1-4]. Previous clinical studies reported that CNS complications occur in 
11%-59% of patients after HSCT, including infections, drug-toxicity, disease relapse, 
secondary malignancies, vascular or metabolic abnormalities, as well as rare CNS 
graft-vs-host disease (CNS-GVHD)[5-7]. Two studies have reported that the incidence of 
immune-mediated neuropathy is 0.36% after stem cell transplantation and 1.04% after 
haploidentical HSCT, respectively[8,9]. Currently, establishing a diagnosis of CNS-
GVHD is challenging because the diagnostic criteria and diagnostic methods are not 
well defined and many confounding factors need to be ruled out. Here, we report 2 
cases of CNS-GVHD and review the literature on the currently available diagnostic 
methods for CNS-GVHD. We systematically report the diagnostic methods used for 
CNS-GVHD. It is suggested that the detection of immune biomarkers is necessary and 
has important clinical significance for the diagnosis of CNS-GVHD.

CASE PRESENTATION
Chief complaints
Case 1: A 15-year-old female complained of progressive vertigo, moderate headaches, 
nausea, vomiting, delusions, paroxysmal restlessness and insomnia. Simultaneously, 
she presented with a low fever.

Case 2: A 22-year-old male complained of vertigo, intermittent headache, impaired 
consciousness, confused speech, visual hallucinations, nausea, and vomiting.

History of present illness
Case 1: A 15-year-old female complained of progressive vertigo, moderate headaches, 
nausea, vomiting, delusions, paroxysmal restlessness and insomnia. Simultaneously, 
she presented with a low fever.

http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
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Case 2: A 22-year-old male complained of vertigo, intermittent headache, impaired 
consciousness, confused speech, visual hallucinations, nausea, and vomiting.

History of past illness
Case 1: The patient underwent a 5/10 human leukocyte antigen (HLA)-matched 
haploidentical donor peripheral blood stem cell transplant from her father in 
September 2018 for severe aplastic anemia with ASXL1 mutation. Approximately 4 mo 
after transplantation, the patient developed chronic GVHD (cGVHD) with lichen 
planus-like changes in the oral mucosa, which was treated with oral triamcinolone and 
topical dexamethasone mouthwashes.

Case 2: The patient underwent a 5/10 HLA-matched haploidentical peripheral blood 
stem cell transplant from his father in August 2018 for acute lymphoblastic leukemia 
with BCR/ABL P210 positive. The blood concentration of cyclosporine was maintained 
at a low level due to the presence of minimal residual disease. Approximately 2.5 mo 
after transplantation, he developed grade II acute GVHD (aGVHD) with rash and 
diarrhea based on the Glucksberg classification. He was treated with cyclosporine, 
sirolimus, and intravenous methylprednisolone (120 mg/d) for three days, and 
quickly achieved complete remission. The corticosteroid was then tapered and finally 
stopped.

Personal and family history
No relevant personal and family history.

Physical examination
Case 1: Physical examination revealed bradypsychia, posterior cord track syndrome 
and ataxia.

Case 2: Physical examination revealed impaired consciousness, confused speech and 
visual hallucinations.

Laboratory examinations
Case 1: CSF examination revealed no pleocytosis or abnormal glucose level, but 
showed elevated immunoglobulin G [IgG, 8.69 mg/dL (normal range 0.48-5.86 
mg/dL)]. Then CSF and blood immune biomarker examinations were performed, 
including blood-brain barrier (BBB) permeability, IgG index, IgG synthesis rate (IgG-
Syn), CSF and blood myelin basic protein (MBP), CSF and blood anti-myelin basic 
protein antibody (MBP.Ab), and CSF and blood anti-myelin oligodendrocyte 
glycoprotein antibody (MOG.Ab), which showed oligoclonal band type IV in blood 
and CSF (isoelectric focusing) and elevated IgG index (Figure 1). There was no 
evidence of hemolysis suggesting ongoing microangiopathy, and no serious kidney or 
liver dysfunction.

Case 2: CSF studies revealed pleocytosis [32 leucocytes/µL (normal range 0-5/µL)], 
lymphocytosis (89%), protein elevation [84.4 mg/dL (normal range 15-45 mg/dL)] and 
normal glucose level. There was no evidence of leukemia cells when the immuno-
phenotype of CSF cells was detected. The CSF and blood immune biomarker 
examination showed positive oligoclonal band type IV in blood and CSF, elevated 
MBP and MBP.Ab in blood, and increased BBB permeability, IgG index and CSF IgG-
Syn (Figure 1).

Imaging examinations
Case 1: A brain magnetic resonance imaging (MRI) ruled out the possibility of 
bleeding complications or post-transplantation lymphoproliferative disorders. A 
cervical MRI showed mild protrusion of C3-4, 4-5 and 5-6 intervertebral discs.

Case 2: A brain MRI did not reveal any abnormal lesions.

FINAL DIAGNOSIS
The final diagnosis of the presented two cases was CNS-GVHD.
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Figure 1 Electrophoresis of oligoclonal band type IV in blood and cerebrospinal fluid. Immune biomarker examinations showed oligoclonal band 
type IV in the blood and cerebrospinal fluid (isoelectric focusing) in patient 1 and patient 2.

TREATMENT
Case 1
Tacrolimus was replaced by oral rapamycin and intravenous dexamethasone (15 
mg/d) to control the neurological symptoms. The patient's clinical symptoms quickly 
improved. The dose of dexamethasone was then tapered and decreased to an oral dose 
of 5.25 mg/d. After 20 d of treatment, her symptoms were relieved, and the patient 
was discharged. However, her neurological symptoms reappeared after 7 d, with 
progressive confusion, vertigo, delirium, visual hallucinations, suicidal tendency and 
temporarily impaired consciousness. Her performance status dropped to 4 points 
according to the Eastern Cooperative Oncology Group scoring criteria. All other 
findings were very similar to those at the time of initial diagnosis, including a repeat 
MRI. She was treated with 20 mg/d intravenous dexamethasone, 500 mg/d MMF and 
20 g/d immunoglobulin for 5 d, and 10 mg/d oral ruxolitinib, in addition to anti-
psychotic therapy with risperidone, and significant improvement was observed within 
8 d. The dose of corticosteroid was then tapered. After 20 d of hospitalization, the 
patient was discharged and given oral triamcinolone (16 mg/d), MMF (500 mg/d) and 
ruxolitinib (10 mg/d). Unfortunately, she developed vertigo and diplopia again two 
months later. She received treatment with intravenous dexamethasone (20 mg/day for 
5 d), CY (400 mg/m2 every 2 wk) and rituximab (375 mg/m2, once a week, 2 doses).

Case 2
He received empiric therapy with intrathecal dexamethasone (10 mg) once a week for 
4 wk and achieved rapid improvement of neurological symptoms within 48 h.

OUTCOME AND FOLLOW-UP
Case 1
The patient has been followed up for three and a half months and her neurological 
symptoms have not reappeared. However, the CSF and blood immune biomarker 
examination still displayed an increase in the level of BBB permeability, neuron-
specific enolase (NSE), S-100β, MBP and MBP.Ab. Therefore, she is currently receiving 
maintenance treatment with triamcinolone (24 mg/d), sirolimus, and ruxolitinib. In 
line with the clinical manifestations, laboratory findings, radiology, microbiology, and 
treatment response to immunosuppressive agents, the patient was diagnosed with 
CNS-GVHD.
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Case 2
The patient has been followed up for three months and has been in good condition 
without recurrence of abnormal neurological symptoms.

DISCUSSION
GVHD is one of the most serious complications after allo-HSCT and occurs when 
donor T cells recognize and target alloantigens on healthy recipient tissues. aGVHD 
mainly targets the skin, gut, and liver, whereas cGVHD can affect most organs, 
including the CNS in rare cases. In the past, CNS involvement of GVHD was 
controversial, but more animal and human cases were histologically confirmed and 
revealed that there was frequent T cell infiltration, supporting the hypothesis of an 
immune-mediated CNS disease after allo-HSCT[10-12]. However, CNS-GVHD remains 
very rare, and only a few cases have been reported. The clinical diagnosis of CNS-
GVHD is extremely challenging for clinicians. In 2010, the neurological manifestations 
of cGVHD were described as a distinct entity in the Consensus Conference on Clinical 
Practice in cGVHD. The authors proposed the following mandatory criteria: the 
occurrence of neurological symptoms with cGVHD affecting other organs and CNS 
involvement without other explanations (i.e., without any infectious, vascular, drug 
toxicity, or metabolic etiologies). Other criteria were facultative: (1) Consistent brain 
MRI abnormalities; (2) CSF abnormalities (pleocytosis, elevated protein or IgG 
oligoclonal bands); (3) Pathological brain biopsy or postmortem examinations 
revealing GVHD lesions; and (4) A response to immunosuppressive therapy. The 
diagnosis of chronic CNS-GVHD can be made when both the mandatory and 2 
facultative criteria are met[13]. In the consensus conference, the occurrence of cGVHD 
affecting other organs is one of the mandatory criteria for diagnosing chronic CNS-
GVHD. No diagnostic criteria for aGVHD have been defined in the literature. 
However, several case reports only had an aGVHD history without extra-CNS chronic 
GVHD during neurological symptoms[14,15], which was similar to our case 2. A study 
also demonstrated that CNS can be a direct target of alloreactive T cells following allo-
HSCT in mice[16]. These results suggest that early encephalitis after allo-HSCT may be a 
clinical presentation of CNS involvement of aGVHD. Thus, more clinical evidence and 
diagnostic methods are needed to further improve the diagnostic criteria for CNS-
GVHD.

The Consensus Conference delineated 3 types of chronic CNS-GVHD, including 
cerebrovascular disease, CNS demyelinating disease, and immune-mediated 
encephalitis. Cerebrovascular disease can affect medium and large vessels, causing 
stroke-like episodes, or can involve CNS small vessels, inducing vasculitis. CNS 
demyelinating disease is described as having a relapsing-remitting course that 
resembles multiple sclerosis. Diagnosis is based on the white-matter lesions with 
gadolinium enhancement in MRI and CSF abnormalities[17,18]. Immune-mediated 
encephalitis is the most difficult to diagnose due to negative imaging findings. The 
two cases reported here showed negative imaging, which made the diagnosis more 
difficult. The most common histological feature was the infiltration of CD3-positive T 
cell-dominant inflammatory cells in the perivascular space or within the vessel wall, 
whereas only scattered infiltrates were observed in the brain parenchyma[19]. Most of 
these inflammatory cells were CD8-positive cytotoxic T cells[20]. The infiltration of 
CD68-positive monocytes/microglia and HLA-DR-positive microglia has also been 
reported[21]. However, brain biopsy is a painful and traumatic operation, and there 
may be no positive imaging results, making it impossible to determine the biopsy 
position, as in our cases. Therefore, we considered whether there are other valuable 
detection methods to assist the diagnosis of CNS-GVHD in the case of negative 
imaging and an inability to carry out brain biopsy.

Numerous studies have documented that the IgG index in the CSF is associated 
with many neurologic disorders. IgG-Syn is used to diagnose neurological diseases, 
such as multiple sclerosis. Bonnan et al[22] reported that IgG-Syn is a robust marker of 
persistent intrathecal inflammation[22], and its complete normalization should be one of 
the goals of future therapeutic strategies. Zhang et al[23] found that BBB permeability, 
CSF IgG-Syn and MOG.Ab were related to the occurrence of CNS demyelination[23]. 
Another study described the presence of anti-neuronal antibodies directed against 
contactin-associated protein-like 2, a protein associated with voltage-gated potassium 
neurological channels, in patients with CNS-GVHD[24]. Altogether, the CSF and blood 
immune biomarker examinations may act as another promising approach for 
diagnosing CNS-GVHD. CSF and blood immune biomarker examinations were 
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performed in both our cases, including the oligoclonal band (isoelectric focusing), BBB 
permeability, IgG index, IgG synthesis rate (IgG-Syn), CSF and blood myelin basic 
protein (MBP), CSF and blood anti-myelin basic protein antibody (MBP.Ab), and CSF 
and blood anti-myelin oligodendrocyte glycoprotein antibody (MOG.Ab). In case 1, 
type IV oligoclonal band was positive and IgG index increased at the time of onset. 
After three and a half months, the immune markers were reexamined, the results 
showed that BBB  permeability, NSE, S-100β, MBP and MBP.Ab increased, which did 
not appear at the time of onset. In case 2, the immune biomarker examination showed 
positive oligoclonal band type IV, elevated MBP and MBP.Ab in blood, and increased 
BBB permeability, IgG index and IgG-Syn. Therefore, it is necessary to detect immune 
biomarkers assessing neuronal, myelin and glial cell damage to diagnose CNS-GVHD, 
and multiple detection of immune biomarkers can improve the positive rate of the 
results and increase the accuracy of diagnosis.

Most CNS-GVHD cases had multiple hyperintense lesions in brain MRI, showing 
signs of healing, that were predominantly located in the white matter[18,25,26]. The MRI of 
leukoencephalopathy involves symmetric, high-intensity lesions in the white matter 
on T2-weighted imaging and fluid-attenuated inversion recovery. Punctate and 
curvilinear gadolinium enhancement can be seen along the path of the perforating 
medullary arteries[11,19]. We know that leukoencephalopathy can also result from many 
immunosuppressants, radiation therapy, and opportunistic infections after HSCT[5]. 
The MRI appearance of these forms of toxic leukoencephalopathy involves symmetric 
hyperintense lesions in the white matter on T2-weighted imaging and fluid-attenuated 
inversion recovery, but there is no punctate and curvilinear gadolinium 
enhancement[27]. It is worth noting that abnormal brain MRI findings do not appear in 
all CNS-GVHD cases. There are also several reports of patients with CNS-GVHD who 
presented only brain atrophy or who had no abnormalities in brain MRI[17,28], similar to 
our cases. However, some reports without obvious lesions on MRI revealed diffuse 
alterations in brain activity on 18F-fluorodeoxyglucose (18F-FDG) PET-CT imaging in 
patients with CNS-GVHD. Brain 18F-FDG PET-CT demonstrated diffuse cortical and 
subcortical hypometabolism that completely normalized following immuno-
suppressive therapy[17]. Therefore, brain 18F-FDG PET-CT can provide supplemental 
information to facilitate the diagnosis of CNS-GVHD, especially in patients with 
normal MRI, and more research is warranted in the future. In addition, we believe that 
NGS is a time-saving and highly sensitive diagnostic method[29,30]. It can be used for the 
detection of pathogens and tumor cells, and plays an important role in the exclusion of 
CNS-GVHD.

In our cases, both patients with a history of aGVHD or cGVHD developed 
neurological symptoms that could not be explained by other causes, and had abnormal 
CSF studies as determined by CSF and blood immune biomarker examinations, 
suggestive of suspected CNS-GVHD. Due to the lack of specific MRI abnormalities 
and the rapid clinical deterioration of the patients, we did not attempt to perform a 
brain biopsy, but prompted the initiation of empirical immunosuppressive therapy. In 
view of the rapid and favorable response to local and systematic immunosuppressive 
treatment and the aforementioned neurologic manifestations together with CSF 
abnormalities and other negative findings, a final diagnosis of CNS-GVHD was made. 
Of note, all diagnostic methods related to CNS-GVHD used in this work are safe and 
fast.

Due to the rarity of CNS-GVHD after allo-HSCT, this complication has not been 
well recognized, leading to imperfect diagnostic criteria and diagnostic methods. 
Therefore, the diagnosis of CNS-GVHD by clinicians is challenging. Our research team 
proposed the following diagnostic criteria for CNS-GVHD: Prerequisites are the 
occurrence of cGVHD or a history of aGVHD leading to central nervous system 
involvement as the main manifestation, with no other explanation of CNS 
abnormalities (no infectious, vascular, drug toxicity or metabolic etiology, etc.). 
Required conditions include: (1) Brain MRI suggests white matter demyelinating 
lesions; (2) CSF abnormalities, including pleocytosis, elevated protein or abnormalities 
in CSF biomarkers (positive IgG oligoclonal bands type IV or V, increased IgG index, 
IgG-Syn, MBP, MBP.Ab, S100β, NSE, etc.); (3) Pathological brain biopsy or postmortem 
examinations revealing GVHD lesions; and (4) Immunosuppressive therapy is 
effective. A definite diagnosis of CNS-GVHD can be made by satisfying these 
prerequisites and three of the required conditions, and possible diagnosis by satisfying 
the prerequisites and two of the required conditions.
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CONCLUSION
This report systematically describes the diagnostic methods for CNS-GVHD and 
presents our own diagnostic criteria. Furthermore, non-invasive tools, especially CSF 
and blood immune biomarker examinations, are proposed to facilitate the diagnosis of 
CNS-GVHD, which is particularly suitable for patients who are critically ill and 
require urgent treatment and for those who are unsuitable for invasive diagnostic 
procedures. All clinical cases should be documented to better define this entity and 
improve the diagnostic criteria and diagnostic methods.
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