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ABSTRACT 

Purpose 

Allogeneic hematopoietic stem cell transplantation (HSCT), along with the associated 

immunosuppression required post transplant, is associated with several potentially debilitating 

long-term complications, one of the most significant being Graft-versus-Host Disease 

(GvHD). The oral cavity is one of the most commonly affected sites in the GvHD spectrum 

causing a detrimental impact on oral health, function and quality of life. As outlined by the 

National Institutes of Health (NIH), clinical manifestations are the mainstay in the diagnosis 

of oral chronic GvHD, however clinical manifestations are often non-specific and diagnosis is 

frequently complicated by both inter and intra-examiner variability. Objective, validated 

methods for diagnosis and monitoring are limited. Oral incisional biopsy is still the most ideal 

method for diagnosis and monitoring of disease progression, however repetitive oral tissue 

biopsies during an often protracted clinical course are also not practical. Although candidate 

serum biomarkers are being explored, limited information is available on the expression of 

cytokines in the tissues involved in oral chronic GvHD. Identification of reliable local 

biomarkers that reflect disease presence and are readily available by non-invasive means, 

would facilitate both the management and understanding of oral chronic GvHD.  

Oral chronic GvHD is the focus of this thesis, specifically its clinical presentation, the risk 

factors for development and the identification of potential locally measurable biomarkers 

which differentiate oral chronic GvHD from other, similar presenting, oral conditions.   

Materials and Methods 

Forty-eight patients, eighteen years of age or older, planned for allogeneic HSCT were 

recruited from June to December 2013 across two bone marrow transplant units. Patients 

were examined prior to transplantation as well as at Days 100, 180 and 270. At each study 

time point patients were required to complete a series of mouth specific questionnaires 

including visual analogue scales for oral pain, dryness and sensitivity, a Xerostomia Inventory 

(XI) and Oral Health Impact Profile. Oral examination included visual assessment of the oral 

and peri-oral tissues and periodontal assessment via CPITN scoring. Location and extent of 

oral mucosal pathology was recorded diagrammatically; each feature scored mild, moderate 

or severe utilising the modified Schubert Oral Mucositis Rating Scale (Pavletic, Martin et al. 

2006). Patients were given 10 mls of deionized water and asked to vigorously swish the 
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solution for 45 seconds. Mouth rinse samples were centrifuged to obtain a supernatant and 

cell pellet. The BD™ cytometric bead array (CBA) human Th1/Th2/Th17 cytokine kit 

(Catalogue 5600484) was used to measure the concentration of chronic inflammatory 

cytokines in salivary supernatant, specifically IL-2, IL-4, IL-6, IL-10, INF-γ, TNF and IL-

17A. The cellular phase of saliva was re-suspended with RNA fixative (TRIzol) and total 

RNA was isolated using the PureLink®  RNA mini kit. Gene expression of IL-6 in the 

cellular phase of saliva was established via real-time polymerase chain reaction (RT-PCR). 

Eleven patients with established oral chronic GvHD along with five patients of each of the 

following diagnoses, oral lichen planus, Sjögrens Syndrome and temporomandibular 

disorders, were recruited from the Oral Medicine Department of the Royal Dental Hospital of 

Melbourne. Salivary rinse samples were used to measure the concentration of the same panel 

of chronic inflammatory cytokines in oral chronic GvHD patients with comparison to those 

measured in the other, common oral mucosal conditions. 

 

Results 

Over the 9 month post-transplant study period six patients developed oral chronic GvHD and 

a further ten non-oral chronic GvHD. Elevated pre-transplant XI scores were identified in 

patients who would go on to develop oral chronic GvHD, patients on average scoring 8 points 

higher than those who would develop non-oral chronic GvHD and six points higher those 

who would not develop any chronic GvHD. Analysis of the oral rinse samples from patients 

with oral chronic GvHD patients demonstrated a positive association between disease 

presence and the concentration of both IL-6 and TNF (p=0.007, p=0.034 respectively) and a 

negative association with IL-17 and IFN (p=0.001, p=0.015 respectively). IL-6 was also 

found to be associated with the clinical presentation of ulceration and erythema (p=0.003, 

p<0.001 respectively), oral symptom scores and oral-health related quality of life. RNA of 

sufficient quantity and quality was able to be extracted from the cellular phase of saliva. A 

significant positive correlation was shown between IL-6 gene expression in the cellular phase 

of oral rinse samples and the level measured within the supernatant (p=0.035). This 

significant association was not replicated when disease status was considered. Significant 

differences were also shown between the cytokine profile measured in the saliva of oral 

chronic GvHD patients and those measured in other, common mucosal diseases. Specifically 

raised IL-6, IFN- γ and TNF combined with a marked absence of IL-4 and IL-2. 
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Conclusions 

Findings support the hypothesis that a unique cytokine profile is measurable in the local 

environment (saliva) of oral chronic GvHD patients. No one cytokine was a clear marker for 

oral chronic GvHD and accurately distinguished between all other conditions tested, however 

when changes across the entire panel of cytokines were assessed a unique combination of 

changes was reflective of the presence of oral chronic GvHD disease. A positive association 

was seen between oral chronic GvHD and salivary IL-6 and TNF and a negative trend with 

salivary IL-17 and IFN. IL-6 was shown to be of specific interest reflective of both the 

symptom profile and clinical features of oral chronic GvHD. The outcomes of this study also 

showed that the cellular phase of saliva can be used to extract RNA of suitable quality for 

downstream application and that IL-6 gene expression within the cellular phase of saliva is 

correlated with IL-6 concentration within the associated salivary supernantant suggesting 

local production. Generalisation of these results is however limited by both the small sample 

size and reduced observation period. Findings provide the basis for further study. Should 

these findings be replicated this may provide the basis for investigation of the utility of 

specific therapies targeted at IL-6 in the management of oral chronic GvHD as an adjunct or 

alternative to the use of systemic immunosuppression. 
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Chapter 1:  LITERATURE REVIEW 
1.1 Allogeneic haematopoietic stem cell transplantation  

Stem cell transplantation involves the elimination of the patient’s (host’s) haematopoietic and 

immune system via chemotherapy and/or radiotherapy, termed conditioning therapy, and 

replacing it with stem cells derived from the donor. Haematopoietic stem-cell transplantation 

(HSCT) may be syngeneic, where stem cells are obtained from an identical twin, allogeneic, 

when donor stem cells are utilised or autologous, where the patient’s own stem cells are re-

introduced. Allogeneic HSCT involves the intravenous infusion of haematopoietic progenitor 

and stem cells, which may be obtained from donor marrow, umbilical cord blood, or 

mobilised from the peripheral blood. Preparative (conditioning) regimens before HSCT are 

used to reduce tumour burden and host resistance to the graft allowing engraftment, and under 

optimal circumstances, the repopulation and reconstitution of the host’s immune system.  

Malignant stem cells may persist following chemotherapeutic regimens used in the treatment 

of cancers and may also survive the preparative regimens of allogeneic HSCT. However 

eradication of malignant stem cells can occur through the use of immunologically active 

donor cells received during HSCT known as the graft-versus-leukaemic effect (GVL) (Mays, 

Fassil et al. 2013).  Transplantation of allogeneic haematopoietic stem cells requires careful 

matching of donor and recipient. Immune disparities are responsible for both the beneficial 

GVL effect and negative outcomes such as delayed or incomplete engraftment as well as the 

morbidity and mortality associated with GvHD (Copelan 2006, Hoffman, Benz et al. 2009) 

1.1.1 Selection of a donor  

Successful allogeneic HSCT relies on molecular typing to facilitate precise human leukocyte 

antigen (HLA) matching between donor and host. If incompatible with the host, HLA 

antigens elicit both humoral and cell-mediated host responses, which may progress to 

rejection and destruction of the graft. The major histocompatibility complex (MHC) genes are 

a set of highly pleomorphic glycoproteins found on cell surfaces in mammals, they are 

intimately involved in antigen recognition and allow the immune system to distinguish self 

from non-self. MHC determinates enable the presentation of peptides derived from antigens, 

onto the cell surface and thus to the immune system. The human equivalent of MHC is the 

HLA system. Located on the short arm of chromosome 6 they are divided into class I and 
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class II antigens. Class I antigens (HLA-A, -B, -C) are expressed on all nucleated cells in the 

body and bind and present peptides derived from degraded intracellular proteins to CD8+ 

cells, permitting the immune system to recognise self from non-self. Class II antigens (HLA-

DR, -DP, -DQ) are located on antigen presenting cells and bind peptides derived from 

degraded extracellular proteins, assisting in immune response regulation by allowing the 

recognition of foreign antigens.  

The MHC genes are inherited as haplotypes, that is, they are inherited as a unit. Specific to 

allogeneic HSCT, molecular typing is performed to allow for precise HLA matching between 

prospective donors and recipient however considerable genetic disparity may still exist via the 

minor histocompatibility antigens (miHAs). Minor histocompatibility antigens may reflect 

polymorphisms of normal cellular proteins that are not shared between donor and recipient 

(Cutler, Antin et al. 2006). Identification of these miHAs by donor T-cells generates an 

immune response that may result in GvHD as well as the GVL effect (Copelan 2006). In 

contrast, recognition of the foreign donor cells by residual host T-cells may lead to graft 

rejection.  

Selection of a donor for allogeneic HSCT requires donors to be broadly categorised as HLA 

identical or non-identical donors with a genotypically HLA-identical sibling being the ideal 

donor, namely, a sibling who has inherited the same paternal and maternal MHC genes. Two 

haploid matched donors are obtainable in 25% to 30% of patients who have living siblings 

(Hoffman, Benz et al. 2009). Specifically, the donor and recipient are matched for the amino 

acid sequence (allele) encoded by all HLA loci. It may also be possible to identify individuals 

within families, such as a parent or uncle, who share one haplotype. These donors have one 

identical haplotype and are phenotypically matched for the non-shared haplotype. Molecular 

techniques, typically polymerase chain reaction, allow the definition of the unique sequence 

of variants (alleles), which encode each HLA molecule.  

Approximately 70% to 75% of patients who could benefit from HSCT, lack a suitably 

matched related donor (Hoffman, Benz et al. 2009), which has led to the development of 

numerous donor registries. For allogeneic HSCT, HLA-A, HLA-B, and HLA-DR are 

routinely evaluated (Petersdorf, Anasetti et al. 1998). DNA-based methods have become 

established as the ‘gold standard’ for HLA typing (Hoffman, Benz et al. 2009). Where 

possible, unrelated donors are completely phenotypically matched for critical HLA class I and 

II antigens. However, even in closely matched related donors mismatched miHAs, encoded 
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outside the MHC in the recipient, may be recognised as antigens by the donor T cells 

resulting in an immune response that may lead to graft rejection or GvHD. When HLA 

disparity cannot be avoided, selection of a donor with the least HLA mismatches is preferred 

and may therefore make transplantation accessible to a wider group of patients. Clearly, the 

use of a closely matched donor increases the chances of successful engraftment and reduces 

the risk of GvHD (Petersdorf, Anasetti et al. 1998, Flomenberg, Baxter-Lowe et al. 2004). 

Several studies have shown that approximately 40% of recipients of HLA identical grafts 

develop acute GvHD however this increases to between 60%-80% in recipients of unrelated 

or one-antigen HLA mismatched grafts (Flomenberg, Baxter-Lowe et al. 2004).  

When greater than one HLA-identical match is available for a given patient, criteria 

independent of HLA are also considered in donor selection. For example, a younger donor 

age is associated with a significantly improved clinical outcome (Confer and Miller 2007), 

with each decade of life in a donor, the risk of acute and chronic GvHD increasing by 10% 

(Hoffman, Benz et al. 2009). In contrast, donor ABO blood type has not been shown to 

influence the risk of GvHD or mortality (Hoffman, Benz et al. 2009).  

Identified matched donors finally undergo a screening medical history, physical examination 

and laboratory testing specifically for a wide range of transmissible diseases.  

1.1.2 Stem Cell Source  

Mature haematopoietic cells are produced continuously by less-differentiated precursor cells, 

which are ultimately descendants from the haematopoietic stem cells. Currently, for 

allogeneic HSCT, stem cells are harvested from three potential sites: the bone marrow, 

peripheral blood and umbilical cord blood. Stem cell collection from donor bone marrow, 

most commonly from the posterior iliac crests, was the preferred practice prior to 1994. Such 

a procedure typically occurs during a general or regional anaesthesia with multiple aspirations 

required and the collection of approximately five mL of marrow from each puncture site. In 

1994, the first allogeneic transplant utilising peripheral blood-derived haematopoietic stem 

cells was performed in Australia (Nivison-Smith, Bradstock et al. 2005). This method of 

transplantation exploited the knowledge that marrow stem cells were continuously entering 

the circulation, making peripheral blood a convenient source of haematopoietic stem cells.  
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The proportion of HSCT where stem cells are sourced from bone marrow have declined in 

recent years with peripheral blood being the currently preferred stem cell source in Australia 

and New Zealand. In 2007, 65% of all allogeneic HSCT utilised mobilised blood stem cells 

and this has increased even further with 75% of all transplants using a PBSC source in 2015 

(Australasian Bone Marrow Transplant Recipient Registry 2008, Australasian Bone Marrow 

Transplant Recipient Registry 2016). In contrast, stem cells obtained from bone marrow were 

used in 22% of allogeneic HSCT in in Australia and New Zealand in 2007; this declined to 

16% in 2015 (Australasian Bone Marrow Transplant Recipient Registry 2008, Australasian 

Bone Marrow Transplant Recipient Registry 2016). 

Peripheral blood stem cells are collected using a cell-separator, connected to the donor usually 

via peripheral cannulae. Mononuclear cells are collected by centrifugation whilst erythrocytes 

are returned to the patient. However, peripheral blood contains significantly fewer stem cells 

relative to bone marrow, therefore pre-treatment of the marrow is frequently required. The 

number of peripheral blood stem cells is estimated by the cell surface molecule CD34+, which 

is used as a marker (Copelan 2006). The proportion of CD34+ cells in blood can be raised by 

the use of growth factors, such as granulocyte-macrophage colony-stimulating factor (GM-

CSF) or granulocyte colony-stimulating factor (G-CSF). Growth factors may be given to 

donors for four to six days (typically 10 µg/kg/day) prior to collection to aid in stem cell 

mobilisation (Hoffbrand, Moss et al. 2006). G-CSF leads to the proliferation of neutrophils 

and the release of proteases. These degrade the proteins that anchor stem cells to the marrow 

stroma and, in combination with other factors, free the cells to enter the circulation 

(Levesque, Liu et al. 2004). Peripheral blood stem cell transplantation (PBSCT) is associated 

with significantly faster engraftment times relative to marrow in allogeneic HSCT (Nivison-

Smith, Bradstock et al. 2007) however, due to a raised yield of T cells are also linked to an 

increased risk for chronic GvHD (Schaffer 2006).  

A recent advance in stem cell collection has been the introduction of umbilical cord blood 

(UCB) transplants, specifically for patients who lack an appropriate related or unrelated 

volunteer donor. Umbilical cord blood, collected from the placental vein after delivery, is a 

rich source of haematopoietic stem cells. The most significant hindrance in the utilisation of 

this source of stem cells for HSCT relates to the small volume of blood collected at birth and 

hence the overall smaller number of stem cells available (Ballen, Gluckman et al. 2013). The 

number of cells required to give a transplant patient the best chance of engraftment is based 
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on patient weight, age and disease status. These factors mean that stem cells obtained from 

cord blood engraft more slowly and may not be suitable for all patients. Delayed 

haematopoietic recovery is associated with a greater risk of post transplant infection in 

combination with a higher incidence of graft failure (Schaffer 2006). Nevertheless, the 

Australian transplant experience demonstrates a steady increase in the number of allogeneic 

HSCT using cord blood with a rise from twelve such transplants in 2002 to fifty in 2015, with 

sixteen of these using double cord donors (Nivison-Smith, Bradstock et al. 2007, Australasian 

Bone Marrow Transplant Recipient Registry 2012, Australasian Bone Marrow Transplant 

Recipient Registry 2016).  

1.1.3 Processing  

Manipulation of the harvested stem cell population, intended for haematopoietic stem cell 

rescue, aims to remove those components that are unwanted or may cause adverse effects, or 

to positively select a desired population such as the CD34+ cells (Hoffman, Benz et al. 2009). 

Routine manipulation includes the removal of erythrocytes or plasma to overcome ABO 

blood group incompatibility between recipient and donor. Typically the recipient can tolerate 

a maximal limit of incompatible erythrocytes; exceeding this limit places the recipient at risk 

of haemolysis and transfusion reaction.  

Another critical cell routinely manipulated in the haematopoietic stem cell graft is the T 

lymphocyte or T cell. Transplanted T cells have the potential to cause severe and at times 

lethal GvHD. Conversely; T cells are also known to exert the potentially beneficial GVL 

effect. Many studies have attempted to identify the particular sub populations involved in 

these two opposing processes. Such identification would allow the manipulation of allogeneic 

HSCT grafts to remove GvHD-producing T cells, while sparing those sub populations that 

initiate the desired GVL response (Hoffman, Benz et al. 2009).  Several methods have been 

established to manipulate the graft T-cell population prior to infusion. The technique currently 

favoured utilises specific monoclonal antibodies directed toward the antigens, which identify 

unique T-lymphocyte subpopulations. The target population is then eliminated with superior 

efficiency using immunomagnetic separation. Various antigens have been identified including 

CD3 and CD2 for pan–T-cell depletions or CD4 and CD8 for the elimination of helper and 

suppressor T cells (Miller, Soignier et al. 2005).  
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Manipulation techniques mentioned above are negative selection techniques eliminating 

identified populations, typically T cells or tumour cells, from the graft population. 

Conversely, identification of an antigen localised on the pluripotent cells essential for 

transplantation, namely the CD34 antigen, allow manipulation techniques that cause 

enrichment of chosen cell populations. However, a concern raised about positive selection 

techniques is that this process leads to the concomitant elimination of non-target cell 

populations. These sub populations may be of potential benefit to the host, for example, the T 

cell sub populations involved in the GVL effect or those that facilitate engraftment (Hoffman, 

Benz et al. 2009). The future success of positive selection techniques relies on the 

identification of these subpopulations so they may be recovered from the selected cell 

population and reintroduced to the final desirable graft cell population (Hoffman, Benz et al. 

2009).  

1.1.4 Conditioning  

Prior to the infusion of the harvested haematopoietic stem cells, a combination of anti-

neoplastic or immunosuppressive agents are utilised (either chemical or physical agents), the 

aim being to eradicate the host’s immune and haematopoietic system so as to allow 

engraftment along with destruction of any residual malignancy. This preparative process, 

prescribed for the host, is known as conditioning.  

Conditioning regimes are classified as myeloablative or non-myeloablative. The object of 

myeloablative preparation is both to eradicate malignant cells and to induce 

immunosuppression to allow engraftment (Copelan 2006). A non-myeloablative regimen has 

been defined as a preparatory regime that should not eradicate host haematopoiesis and 

should allow haematopoietic recovery in less than twenty eight days without haematopoietic 

cell transplantation (Champlin, Khouri et al. 2003). Non-myeloablative methods do not 

wholly eradicate host malignant cells and rely on the immune-mediated effects of the donor 

cells to eliminate residual disease. Lastly, a reduced intensity-conditioning (RIC) regime 

follows the principles of non-myeloablative techniques, although HSCT is still required for 

marrow reconstitution and rescue.  

Reduced intensity regimes are formulated to initiate less host tissue damage and inflammatory 

cytokine release, thus lowering the risk of transplant-related mortality (TRM) and possibly, 

the incidence and intensity of GvHD (Wagner, Barker et al. 2002). Unlike myeloablative 
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treatments, these regimens are primarily immunosuppressive and depend on the GVL effect to 

eradicate malignant cells. These features have allowed the application of HSCT to a wider 

group of patients who were previously excluded, most commonly due to comorbidities or age. 

Conversely, RIC regimes have a less potent antitumour effect and thus may not be ideal in all 

cases. Allogeneic HSCT, after the provision of RIC, is most effective in treating slower-

growing malignancies such as chronic lymphocytic leukaemia. The most recently published 

annual report from the Australasian Bone Marrow Transplant Recipient Registry (ABMTRR) 

showed a continued rise in RIC in adult allogeneic transplantation increasing from 45% in 

2009 to 50% in 2015 (Australasian Bone Marrow Transplant Recipient Registry 2016).  

Conditioning protocols include various forms of chemotherapy in combination with, or in 

place of, total body irradiation (TBI). Specific agents used and there combination varies 

widely amongst institutions and is also influenced by the underlying disease process and 

transplant factors. Although TBI involves the delivery of radiation to the entire body, certain 

radiosensitive organs are commonly shielded, such as the lungs. TBI is myeloablative and 

immunosuppressive in nature however more recently low dose TBI, in combination with 

immunosuppressive drugs, has been used as part of RIC regimens with lower toxicity. TBI 

dose may be as high as 12-16 Gy when forming part of a high-dose, myeloablative 

conditioning regimen; nonmyeloablative regimens may commonly utilise only 2 Gy TBI 

(Gyurkocza and Sandmaier 2014).  The majority of TBI schedules in use today are either 

fractionated or hyperfractionated or may be administered as a single dose. The intensity of 

regimens can vary substantially and represents a continuum differentiated by the dose of the 

alkylating agents or TBI. 

Radiotherapy is delivered via high energy photon beams, generally delivered by linear 

accelerators. TBI maximises malignant cell destruction with minimal damage to healthy cells 

by exploitation of the relatively limited capacity of malignant cells to undergo repair. 

Although TBI does decrease the malignant cell load, dosages commonly utilised are not 

intended as a standalone treatment but as a preparatory procedure to establish host 

immunosuppression to prevent graft rejection and to reduce the proportion of malignant cells. 

Fractionated TBI (8–15 Gy in single or fractionated doses) combined with cyclophosphamide 

(commonly 60 mg/kg/day for two days) has been the standard myeloablative conditioning 

regimen for many decades.  A common alternative makes use of busulfan (typically 4 

mg/kg/day for four days orally or 3.2 mg/kg/day intravenously) in place of TBI with 
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cyclophosphamide (Hoffman, Benz et al. 2009). Prior to the infusion of the donor stem cells, 

at least thirty-six hours are needed following the last chemotherapeutic dose to ensure drug 

elimination occurs. Common conditioning related complications include mucositis and the 

consequent need for parenteral nutrition.  

1.1.5 Indications for allogeneic HSCT  

Allogeneic HSCT has evolved as a curative therapy for a variety of haematological 

malignancies, marrow failure states, immune deficiencies and some solid tumours. 

Worldwide, approximately 20 000 allogeneic HSCT are performed annually (Epstein, Raber-

Durlacher et al. 2009). The Australian transplant experience has seen a gradual increase in the 

number of allogeneic transplants performed. The ABMTRR reported a 40% increase in the 

number of allogeneic transplants performed in Australia from 2006 to 2015 with the most 

significant change occurring in transplants performed with unrelated donors; rising from 42% 

in 2006 to as high as 61% in 2015 (Nivison-Smith, Bradstock et al. 2007, Australasian Bone 

Marrow Transplant Recipient Registry 2016). This is partially due to the greater proportion of 

older patients now undergoing transplantation following the implementation of reduced 

intensity conditioning regimes and the advent of international donor registries.   

The most recent Australian data identifies the major indications for allogeneic HSCT in adults 

as acute myelogenous leukaemia (41%) followed by acute lymphoblastic leukaemia (13%) 

and myelodysplasia (12%) (Australasian Bone Marrow Transplant Recipient Registry 2016). 

This is in line with the most recent data from the United States, the CIBMTR reporting acute 

leukaemias (AML, ALL) combined with both myelodysplastic syndrome and 

myeloproliferative neoplasms accounting for 70% of all allogeneic HSCT performed in 2014 

(D'Souza and Zhu 2016).  

1.2 Complications of allogeneic transplant 

Numerous toxicities and adverse effects plague survivors of allogeneic transplantation, 

infectious complications, veno-occlusive disease of the liver (VOD), and GvHD the most 

significant with respect to outcome (Tabbara, Zimmerman et al. 2002). Allogeneic 

transplantation, in its design, leads to a partial or complete eradication of host haematopoiesis 

(section 1.1.4). All recipients thus experience adverse effects associated with cytopenia’s and 

immune reconstruction; these develop across an extended period of time post-transplantation. 
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Directly after conditioning patients experience an aplastic phase with severe neutropenia. 

Engraftment and reconstitution of innate immunity generally occurs within 20-30 days after 

allogeneic HSCT while reconstitution of adaptive immunity (T and B lymphocytes) is 

delayed and can require up to 1 year (Ogonek, Kralj Juric et al. 2016). Graft failure/rejection 

may arise both in the early or late post-transplant phase, the ABMTRR reporting rejection or 

poor graft function as a contributing cause of TRM in 2% of all adult allogeneic HSCT 

(Australasian Bone Marrow Transplant Recipient Registry 2016). The remaining adverse 

effects of allogeneic transplantation can be divided into those that occur in the early post-

transplant phase (in the first 100 days) and long-term or late effects of HSCT.  

The immediate post-transplant period is fraught with numerous adverse effects of varied 

severity including endothelial toxicity, hepatic VOD, infection and interstitial pneumonia. 

2015 ABMTRR data showed that 6% of all adults who received allogeneic transplantation 

experienced CMV infection in the early post-transplant phase and 3% hepatic VOD 

(Australasian Bone Marrow Transplant Recipient Registry 2016). Common conditioning-

related early oral toxicities include mucositis, dysgeusia and acute GvHD. Non-oral toxicities 

may range from diarrhoea to renal failure, and cardiomyopathy.  

One of the most significant late effects of transplant is GvHD. As discussed below (section 

1.2.1.4) advances in HSCT practice have led to profound alterations in the natural history and 

clinical picture of both acute and chronic GvHD leading to a re-classification of both acute 

and chronic GvHD. It is now accepted that the clinical features of both acute and chronic 

GvHD may develop over a prolonged period after transplantation or may occur 

simultaneously throughout both the early and late post-transplant phase. Other long-term 

effects of transplantation include bone disease such as aseptic necrosis, cataract formation and 

second malignancies. The most common adverse effects and toxicities that affect the oral 

cavity are discussed below.  

1.2.1 Early complications of allogeneic transplantation  

1.2.1.1 Mucositis  

Mucositis, associated with HSCT, is characterised by widespread ulceration of the moveable, 

non-keratinised mucosae of the oral cavity most commonly involving the buccal mucosa and 

ventrolateral tongue (Scully, Sonis et al. 2006). Oesophageal and gastrointestinal systems 

may also be affected. Mucositis is a common acute toxicity associated with both the intense 
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chemotherapy reserved for haematological malignancies as well as head and neck radiation, 

both being integral components of HSCT.  

Clinically, mucositis first presents as generalised erythema approximately four to five days 

following the initiation of chemotherapy or following a cumulative radiation dose of 10 Gy to 

the head and neck region. At seven to ten days following chemotherapy frank ulceration 

occurs, associated with significant pain and impaired function. Opioid analgesics are often 

essential and total parenteral nutrition may be required. Oropharyngeal mucositis may result 

in severe discomfort and is the most common symptom, and distressing complication, 

reported with HSCT (Bellm, Epstein et al. 2000). Concurrent immunosuppression associated 

with HSCT, specifically neutropenia, also places these patients at risk of bacteraemia, 

septicaemia and fungaemia (Ruescher, Sodeifi et al. 1998). 

Unlike chemotherapy, mucositis secondary to radiotherapy, leads to ulceration over any 

radiation-exposed area. TBI is the most common application of radiation in the HSCT setting 

however due to the low radiation dosages utilised in allogeneic HSCT, mucositis is more 

commonly associated with the intensive chemotherapy regimens employed in allogeneic 

transplantation. Chemotherapy induced mucositis may persist for approximately one week 

and generally resolves within three weeks after the initiation of chemotherapy (Scully, Sonis 

et al. 2006). The incidence of mucositis, in patients receiving myeloablative conditioning 

therapy, has been estimated to be between 75% to 100% (Sonis, Elting et al. 2004). 

Conditioning regimens which are at high risk for mucositis include high-dose melphalan, 

busulphan-cyclophosphamide and cyclophosphamide-TBI combinations (Wardley, Jayson et 

al. 2000). Recent literature has shown reduced severity and prevalence of mucositis with RIC 

where severe mucositis developed in 32% of patients treated with myeloablative regimens and 

only 7% in patients who received RIC (Vela-Ojeda, Garcia-Ruiz et al. 2004). The World 

Health Organisation (WHO) Oral Toxicity Scale is generally used within Australian 

transplant centres for the grading of HSCT associated mucositis (World Health Organization 

1979). 

Numerous interventions have been trialed for the prevention or management of oral 

mucositis.  During the acute post-transplant phase recommendations generally centre on the 

avoidance of oral trauma with patients encouraged to minimise the use of dentures and 

orthodontic appliances, to avoid hard foods and often to cease manual toothbrushing. A recent 

Cochrane review on mucositis prevention established some benefit from cryotherapy (ice 
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chips) and keratinocyte growth factor (palifermin) in patients with haematological 

malignancies undergoing chemotherapy or stem cell transplantation (Worthington, Clarkson 

et al. 2011). Cryotherapy produces mucosal cooling and constriction of blood vessels and is 

thought to consequently reduce the exposure of the oral tissues to the causative chemotherapy 

agent (Scully, Sonis et al. 2006) thought to be most useful for agents with a short half-life. In 

the literature, of the chemotherapeutic agents used to treat haematological malignancies, 

mucositis secondary to 5-fluouracil is the most frequently coupled with cryotherapy use.  

Palifermin, a recombinant human keratinocyte growth factor, was introduced in the HSCT 

specifically to prevent mucositis. The combined evidence does suggest benefits in mucositis 

prevention however collective data pertaining to its success relates to a broad group of 

patients including those with head and neck cancer, other solid tumours and haematological 

malignancies (Worthington, Clarkson et al. 2011) hence further exploration is required prior 

to its generalised clinical application.  Palifermin has been shown to lessen the severity of 

mucositis in patients receiving myeloablative conditioning regimens with the incidence of 

severe oral mucositis (defined as WHO grade III to IV) reduced from 100% to 81% (p=0.05) 

and the mean severity grade from 3.1 to 2.4 (p < .05).  These beneficial effects were not 

present with the use of less mucotoxic conditioning regimens (Blazar, Weisdorf et al. 2006).  

A Cochrane review on mucositis management identified evidence, although limited, to 

support low level laser therapy (LLLT) to reduce the severity of existing mucositis (Clarkson, 

Worthington et al. 2010).  One such study showed that LLLT resulted in only 17% of subjects 

who went on to develop Grade III mucositis compared to the placebo group where 89% 

progressed to Grade III, progression of mucositis severity was also significantly shorter in 

sham-treated patients (Genot-Klastersky, Klastersky et al. 2008).  No clear benefit in 

mucositis management was seen with the use of antimicrobial agents (Clarkson, Worthington 

et al. 2010). Pain management often involves the use of patient controlled analgesia for opiate 

delivery. Interestingly, although patient controlled analgesia delivery may not offer superior 

pain control over a continuous infusion, it has been shown to result in less opiate use per hour 

and a reduction in the duration of pain (Hill, Chapman et al. 1990, Pillitteri and Clark 1998, 

Clarkson, Worthington et al. 2010). 
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1.2.1.2 Infections  

Allogeneic HSCT recipients are at significantly increased risk for both localised and systemic 

infections in the immediate post transplant phase and beyond. Intensive conditioning 

regimens eventuate in reduced cell-mediated immunity and loss of mucosal integrity due to 

the accompanying profound pancytopenia. Recovery of granulocytes and natural killer cells 

may be seen ten to thirty five days after stem cell rescue however T and B-lymphocyte 

function may be suppressed for prolonged periods (Ogonek, Kralj Juric et al. 2016). 

Comprehensive immune reconstitution is a lengthy process in all transplant recipients and, 

combined with the long-term immunosuppressive therapy often required for GvHD 

prevention or management, results in protracted periods of immunocompromise and hence 

infection risk. In the severely immunocompromised, risk of infection is not only increased but 

infections may arise with unusual presentations, be recalcitrant despite protracted therapy and 

become potentially life threatening. In the first year after transplantation infection is reported 

as a contributing cause of transplant-related mortality in 52% of adult allogeneic transplant 

recipients (Australasian Bone Marrow Transplant Recipient Registry 2016). 

In the neutropenic patient or when immunosuppression is started or increased, prophylaxis for 

bacterial, fungal and viral infections is commonplace (Elad, Raber-Drulacher et al. 2015). 

This involves a combination of systemic agents that vary between transplant units. Oral and 

systemic infections may still occur with the most common oral infections discussed below. 

Viral reactivation of latent herpes viruses are a common and serious complications with 

reactivation of previously acquired latent herpes simplex virus (HSV), varicella zoster, 

cytomegalovirus (CMV) and Epstein-Barr virus commonly encountered in the immediate 

post-transplant phase. The herpes simplex viruses are amongst the most prevalent infectious 

diseases affecting humans (Brady and Bernstein 2004). Population based studies of HSV-1 

and HSV-2 seroprevalence in Australia have shown a 76% seroprevalence of HSV-1 in adults 

and 12% for HSV-2 with figures varying across socioeconomic status and age groups 

(Cunningham, Taylor et al. 2006). Recrudescent oral HSV infection is common, despite 

antiviral prophylaxis, in the immunocompromised patient. Unlike in the immunocompetent, 

lesions are frequently not self-limiting and often present atypically with both non-keratinised 

and keratinised tissues affected, with widespread distribution and significant pain. HSV 

infection must be considered in all severely immunocompromised patients who present with 

an acute onset of painful oral ulcers (Palmason, Marty et al. 2011).  
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Antiviral prophylaxis has seen the reduction of varicella zoster reactivations in HSCT 

recipients in the first year post transplantation with reactivation within the oral cavity 

occurring rarely (Boeckh, Kim et al. 2006). Reactivation most commonly involves the lumbar 

or thoracic dermatomes though trigeminal involvement is seen in approximately 12% of cases 

with the ophthalmic division most frequently affected. In the immunocompromised unusual 

presentations are common with often bilateral involvement, a higher incidence of post 

herpetic neuralgia and the risk of disseminated visceral infections which may become life 

threatening (Palmason, Marty et al. 2011).   

Reactivation of CMV is an especially serious complication of HSCT and one of the most 

common causes of infection after transplantation. CMV pneumonitis was once fatal to 15% of 

allogeneic HSCT recipients (Meyers, Flournoy et al. 1982) but reactivation has become 

significantly less common due to superior detection of subclinical infection, donor screening 

and advances in anti-viral therapies and prophylaxis. Consequences of CMV reactivation 

include potentially fatal interstitial pneumonitis, colitis as well as hepatitis. Oral lesions are 

nonspecific and may clinically resemble major recurrent aphthous ulceration. 

Fungal infections are a significant cause of morbidity and mortality following HSCT with 

both cellular and humoral immunity important for the prevention of fungal infections. 

Granulocytes, especially neutrophils, play a critical role in yeast phagocytosis (Pereira and 

Hoskings 1984) and salivary IgA reduce epithelial adherence (Epstein, Kimura et al. 1982). 

Patients undergoing allogeneic HSCT are at high risk of fungal infections especially in the 

neutropenic phase of those receiving myeloablative conditioning. Risk may remain high when 

prolonged systemic immunosuppression is required for GvHD management or when immune 

reconstitution is delayed. The primary concern in the HSCT patient is invasive fungal 

infections and these can be broadly divided into those caused by yeasts, primarily the Candida 

species, and those resulting from moulds, of which Aspergillus is most common (Hoffbrand, 

Moss et al. 2006). The incidence of invasive candidal infection in the HSCT patient 

population has been reported as 4.6% with a mortality of 20%; the most frequent species 

involved being C Glabrata (Marr, Seidel et al. 2000).  

Invasive fungal infections caused by moulds are generally of greater concern. Infections are 

generally within the respiratory tract or sinuses however orofacial involvement is relatively 

common. This may occur as a direct extension from the maxillary sinus, from direct 

inoculation or hematogenous dissemination. The incidence of orofacial Aspergillosis, in 
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allogeneic HSCT patients, has been reported as 10% or greater with other causative species 

including Histoplasma (histoplasmosis) and Mucoromycotina (mucormycosis) 

(Samaranayake, Keung et al. 2009). Intra-orally these lesions appear characteristically as 

pseudomembranous ulceration with a black necrotic base but they may also appear yellow or 

grey. Importantly, there has been a dramatic reduction in the frequency of invasive fungal 

infections in HSCT recipients in the last decade, largely attributable to improved monitoring, 

development of new wide-spectrum anti-fungal agents and the wider applications of reduced 

intensity conditioning (RIC) regimens (Gooley, Chien et al. 2010). 

Bacteremia is a potential fatal complication in the severely immunocompromised, with 

bacterial infections most commonly arising from the patient’s own commensal flora. 

Typically, gram-positive skin organisms such as Staphylococcus and Streptococcus colonise 

central venous lines, whereas gram-negative gut bacteria (Pseudomonas aeruginosa, 

Escherichia coli) may lead to septicaemia (Hoffbrand, Moss et al. 2006). In the presence of 

neutropenia local infections can rapidly progress to septicaemia. Chronic odontogenic 

infections, neglected in the pre-transplant phase, may represent a critical source of local and 

systemic infection during myelosuppression. This may include periapical infections from non-

vital teeth and periodontal infections though ever a recent retrospective study found no 

increase in systemic infections in HSCT patients with pericoronitis (Ohman, Bjork et al. 

2010). Critically, localised odontogenic infections may present atypically in the neutropenic 

patient with a noted absence of swelling and purulence due to the absence of neutrophils. 

1.2.1.3 Taste alterations  

Alteration in taste (dysgeusia) or a reduction or loss of taste (hypogeusia / ageusia) is 

commonly associated with both myeloablative and RIC preparative regimens. Medications, 

commonly utilised in GvHD prophylaxis, such as cyclosporine and tacrolimus, may also 

induce taste changes commonly described as metallic, sweet, salty, sour and/or bitter (Epstein, 

Raber-Durlacher et al. 2009). Taste dysfunction may persist for days to months but typically 

fully recovers (Marinone, Rizzoni et al. 1991).  

The precise aetiopathogenesis of taste dysfunction in HSCT is unknown but is thought to be 

influenced by direct toxicity of cytotoxic agents to taste buds, immune-mediated GvHD 

salivary damage and psychological changes, including conditioned food aversion (Epstein, 

Raber-Durlacher et al. 2009). Hyposalivation and xerostomia are common outcomes 



 4 

following HSCT with xerostomia being reported as the second most distressing symptom at 

discharge and at one year following HSCT (Larsen, Nordstom et al. 2007). Significant 

outcomes evolving from taste derangement may include weight loss, emesis and reduced 

quality of life.  

1.2.1.4 Acute Graft-versus-Host Disease 

Acute graft-versus-host disease is a common and often severe inflammatory complication of 

allogeneic HSCT, which arises due to the reaction of donor immune cells against host tissues. 

Historically, clinical GvHD occurring prior to 100 days after HSCT was classified as acute 

GvHD (Sullivan, Agura et al. 1991). Significant advances in HSCT practice have led to 

profound alterations in the natural history and clinical picture of both acute and chronic 

GvHD. In patients receiving RIC regimens acute GvHD may arise more than three months 

after transplantation due to the extended time prior to engraftment (Mielcarek, Martin et al. 

2003). These and other changes, have led to revisions in the classification of GvHD described 

in the National Institutes of Health (NIH) consensus document (Filipovich, Weisdorf et al. 

2005). Differentiation between acute and chronic GvHD is no longer temporal but utilises the 

unique clinical and pathophysiological features of GvHD subtypes for diagnosis. Specifically, 

the updated NIH classification system specifies that in the absence of clinical or histological 

features suggestive of chronic GvHD (section 1.2.2.3.7), the persistence, recurrence or new 

onset of manifestations characteristic of acute GvHD should be categorised as such, 

regardless of the time since transplantation (Schaffer 2006) (Table 1.1 ).  

Table 1.1: NIH classification system of GvHD (Filipovich, Weisdorf et al. 2005) 

Category  Onset of symptoms 
after HSCT 

Presence of acute 
GvHD features 

Presence of chronic 
GvHD features 

Acute GvHD    

Classic ≤100 days Yes No 

Persistent, recurrent or 
late-onset > 100 days Yes No 

Chronic GvHD    

Overlap syndrome No time limit Yes Yes 

Classic No time limit No Yes 
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1.2.1.4.1 Pathophysiology  

Pathophysiology of acute GvHD is classically described as a three-phase process (Ferrara, 

Levy et al. 1999); initiation and lymphocyte trafficking followed by expansion and effector 

phases. The initial initiation phase, broadly encompasses the triggers and sensors of GvHD 

reactions. Many triggers for acute GvHD have been identified with the most critical thought 

to be HLA disparities between recipients and donor. Recent data suggests that these 

mismatches may now have less bearing on outcomes (Kanda, Kanda et al. 2014). Minor 

histocompatibility antigens are also implicated as triggers for GvHD. This is most clearly 

demonstrated in the immune response toward Y-chromosome-encoded antigens in female to 

male HSCT, resulting in the preferential selection of male donors (Stern, Brand et al. 2008). 

Other, non-genetic triggers of acute GvHD, such as components of the extracellular matrix 

and adenosine triphosphate (ATP) are also involved. Adenosine triphosphate, released by 

dying cells, has been shown to induce an inflammatory response while the neutralization of 

ATP in experimental models demonstrates a reduction in GvHD (Wilhelm, Ganesan et al. 

2010). 

Sensors, predominantly antigen presenting cells (APCs), detect the diverse trigger signals and 

are responsible for the initiation of the cytokine response via recruitment and activation of 

donor T lymphocytes and their proliferation. In the effector phase both recipient and donor 

APCs, transferred with the allograft, in combination with inflammatory cytokines, trigger the 

activation of effector cells with the rapid escalation of inflammation and target tissue damage. 

Donor T cells are well established effectors in acute GvHD. Following their activation T cells 

become alloreactive, proliferating and migrating in response to an inflamed environment 

(Chakraverty, Cote et al. 2006). Overall organ damage is dependent on the fine balance 

between migration and expansion of the suppressor versus the effector cell and cytokine 

populations (Holtan, Pasquini et al. 2014) with the overall cytokine milieu shaping the overall 

acute GvHD activity. The most pertinent effector cytokines include TNF-α, IL-1 β and IL-6 

(Holtan, Pasquini et al. 2014). End-organ damage ensues when the drive of the effector cells 

overwhelms the tolerance-promoting suppressor cells.  
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1.2.1.4.2 Clinical presentation and staging  

Organs classically targeted in acute GvHD include the skin, gastrointestinal tract and the 

liver. Other organs may be affected. Specifically, involvement of the haematopoietic system 

results in the GVL response against residual haematological malignancy. Cutaneous 

presentations range in severity from maculopapular rash with tenderness and pruritus to 

erythroderma and bullae formation. The palmar and plantar surfaces are often the initial site 

of involvement. Gastrointestinal involvement manifests as diarrhoea, abdominal cramping, 

nausea and/or vomiting and hyperbilirubinemia, jaundice and elevated transaminases are 

indicative of hepatic involvement (Jacobsohn and Vogelsang 2007). Classic histological 

features of acute GvHD include cellular apoptosis and necrosis but these are relatively 

nonspecific and can also be seen in infection and conditioning toxicities.  

Current staging for acute GvHD subdivides patients into one of four grades (I-IV) based on 

the number and extent of organ involvement (Table 1.2).  

Table 1.2: Staging system for acute GvHD (Jacobsohn and Vogelsang 2007) 
 Skin (BSA) Liver (bilirubin) Gut (stool output/day) 

Stage     

0 No GVHD rash < 2 mg/dl < 500 ml/day or 
persistent nausea. 

1 Maculopapular rash < 25% BSA 2-3 mg/dl 500-999 ml/day 

2 Maculopapular rash 25-50% BSA 3.1-6 mg/dl 1000-1500 ml/day 

3 Maculopapular rash >50% BSA 6.1-15 mg/dl >1500 ml/day 

4 Generalized erythroderma plus bullous 
formation >15 mg/dl Severe abdominal pain 

with or without ileus 
Grade  

I Stage 1-2 None None 

II Stage 3 or Stage 1 or Stage 1 

III - Stage 2-3 or Stage 2-4 

IV Stage 4 or Stage 4  

BSA- body surface area 
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1.2.1.4.3 Incidence and Risk Factors  

The incidence of grade II-IV acute GvHD in allogeneic HSCT recipients is reported as 35%-

50% (Jacobsohn and Vogelsang 2007). However incidence is known to vary considerably 

with differing transplant and patient features. The primary risk factor for acute GvHD is HLA 

disparity and, where an unrelated donor is used, the greater the degree of HLA mismatch, the 

higher the likelihood of developing acute GvHD and the worse the overall outcome (Jagasia, 

Arora et al. 2012, Lee, Cho et al. 2013). Nevertheless recipients of mismatched unrelated 

UCB transplants seem to have a lower incidence of acute GvHD when compared to matched, 

unrelated marrow stem cell source (Locatelli, Rocha et al. 1999). This has been attributed to 

the immunological naiveté of the UCB stem cells, offering some degree of tolerance to 

greater degrees of mismatch.  

The risk of GvHD has also been associated with the intensity of the conditioning regimen 

used, specifically regimens which cause extensive injury to epithelial and endothelial surfaces 

such as myeloablative protocols and those utilising higher radiation doses (Hill and Ferrara 

2000). Conversely, RIC was initially predicted to lead to less severe GvHD due to reduced 

mucosal toxicity and consequent induction of a pro-inflammatory cytokine cascade. As yet, 

no conclusive evidence supports this hypothesis. This feature is thought to be a product of the 

increasing age of patients treated under RIC regimens (Epstein, Raber-Durlacher et al. 2009). 

Other known risk factors for acute GvHD include; older age of donor, multiparous female 

donor, the prophylactic regimen used and older recipient age (Jacobsohn and Vogelsang 

2007). 

1.2.1.4.4 Management and prognosis 

Standard therapy for patients requiring systemic management is corticosteroids, commonly a 

daily dose of 2 mg/kg (Martin, Rizzo et al. 2012). Symptoms may regress rapidly however 

approximately half of patients who develop acute GvHD will not achieve a sustained response 

to first-line therapy. A higher risk for treatment failure is attributed to patients who develop 

hyperacute GvHD, those who receive sex-mismatched HSCT (Holtan, Pasquini et al. 2014) 

and, more recently, patients who display specific patterns of organ involvement (MacMillan, 

DeFor et al. 2012). Although there is currently no standard approach for the management of 

steroid refractory acute GvHD; some options include anti-thymocyte globulin, mycophenolate 

mofetil, rituximab, etanercept and extracorporeal photopheresis.  
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The prognosis of patients with acute GvHD correlates with initial clinical staging. Patients 

with Grade III acute GvHD were shown to have a 30% probability of long-term survival 

whereas those with Grade IV disease, less than 5% (Cahn, Klein et al. 2005, Lee, Cho et al. 

2013). Steroid resistant acute GvHD was also associated with a poor survival rate of, 15% at 

two years (Westin, Saliba et al. 2011). Critically, over half of patients who develop acute 

GvHD, regardless of the stage, will go on to develop chronic GvHD (Jacobsohn and 

Vogelsang 2007).  

1.2.2 Late complications of allogeneic transplant  

HSCT is the therapy of choice for a variety of diseases yet it often partnered with numerous 

serious and debilitating complications. Graft-versus-host disease is the most prevalent 

transplant-associated complication, second only to infection.  

1.2.2.1 Bone disease 

Reduction in bone mineral density is a common and well recognised long-term complication 

following HSCT. Conditioning regimens, especially those comprising of irradiation, may 

initiate abnormalities in endocrine function and these effects may be exacerbated by long-

term immunosuppresive therapy, the mainstay of chronic GvHD management. Of note, 

approximately 10% of patients diagnosed with chronic GvHD will require the continuation of 

immunosuppressive therapy beyond seven years after transplantation (Vigorito, Campregher 

et al. 2009). For these reasons, survivors of HSCT are at an ongoing risk of developing 

osteoporosis, fragility fractures and avascular osteonecrosis. Studies have reported the 

incidence of osteoporosis as high as 25% following HSCT with a rapid loss of bone density 

developing between six to twelve months after transplantation (McClune, Polgreen et al. 

2011).  

Avascular osteonecrosis, occurring as a result of impaired blood supply, has been described in 

4 to 9% of HSCT survivors (Majhail, Rizzo et al. 2012). Risk factors identified include the 

inflammatory microvascular changes associated with GvHD, dosage and duration of 

corticosteroid therapy, and young age. The femoral head is most commonly affected. Patients 

often present with joint pain or discomfort prior to the presence of any radiographic 

abnormalities. Of more relevance to the oral cavity, bisphosphonate-associated osteonecrosis 

of the jaw (ONJ), secondary to anti-resorptive therapy, is an established late complication in 
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allogeneic HSCT survivors. In the HSCT setting bisphosphonate therapy is a critical 

component in the treatment of cancer-related hypercalcaemia, primary osteolytic 

malignancies of bone and for the prevention of osteoporosis in patients on long-term 

corticosteroid therapy.  

Bisphosphonates, synthetic analogues of the naturally occurring pyrophosphate, have been 

employed in medicine since the 1970s. Bisphosphonates bind and accumulate in bone where 

they are slowly released over time with normal bone turn over and are thought to primarily 

affect osteoclast function by reducing their resorptive capacity, hindering their recruitment 

and causing apoptosis (Hewitt and Farah 2007). The more potent, nitrogen-containing agents 

(pamidronate, zoledronic acid) have also been suggested to inhibit neoangiogenesis, capillary 

tube formation and vessel sprouting (Marx, Sawatari et al. 2005).  

The most common adverse effects of bisphosphonate therapy include nausea, abdominal pain 

and dyspepsia. Medication-related ONJ secondary to bisphosphonate use is a rare, but 

potentially devastating side effect of therapy. It is defined as an area of exposed bone or bone 

that can be probed through an intraoral or extraoral fistula(e) in the maxillofacial region that 

has persisted for more than eight weeks, in a patient receiving or who has been exposed to a 

antiresorptive or antiangiogenic agent and has not had radiation therapy to the craniofacial 

region or obvious metastatic disease to the jaws (Ruggiero, Dodson et al. 2014). In patients 

receiving oral bisphosphonate therapy for osteoporosis, the estimated incidence of ONJ is 

very low, estimated between 1 in 10 000 and 1 in 1 000 000 patient-treatment years. In 

patients with malignancy, medication related ONJ has a significantly higher incidence; 

estimated at one to ten patients per 100 (Khosla, Burr et al. 2007). This disparity in incidence 

is likely associated with the higher dosages and more potent agents used in the oncological 

setting combined with the frequent, simultaneous exposure to corticosteroids, history of 

irradiation and general immunodeficiency.  

Medication-related ONJ may arise spontaneously or following invasive dental treatment such 

as extractions, trauma from ill-fitting dental prostheses or overt local trauma (Zarychanski, 

Elphee et al. 2006). The most common oral site affected is the mandibular molar region and 

associated infection and pain is not always reported. Wide debate exists in the literature 

concerning the appropriate management of ONJ and the dental management of patients on 

bisphosphonate therapy. Due to the only recent discovery of this adverse effect, long-term 

data is unavailable and recommendations are generally based on expert opinion. However, it 
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is generally established that all patients should undergo thorough dental evaluation and 

achieve optimal dental health prior to the commencement of bisphosphonate therapy 

(Novince, Ward et al. 2009). Regular dental reviews are essential following the 

commencement of anti-resorptive therapy so that early dental intervention is possible and 

therefor invasive procedures avoided. In the event that medication-related ONJ develops there 

is a general consensus that cessation of bisphosphonate therapy appears unwarranted due to 

the systemic incorporation and long-term bioavailability of this group of drugs (Bagger, 

Tanko et al. 2003). Management may include analgesics, gentle removal of loose bony 

sequestrae and antimicrobial therapy when there is clinical evidence of infection (Miglorati, 

Casiglia et al. 2005, Khosla, Burr et al. 2007) 

1.2.2.2 Chronic Graft-versus-Host Disease   

HSCT is the therapy of choice for a variety of diseases however clearly it may be followed by 

numerous serious and debilitating complications. Graft-versus-host disease is the most 

prevalent transplant-associated complication following allogeneic HSCT, second only to 

infection. Severe chronic GvHD is the primary cause of transplant related mortality and is the 

main contributor to the development of life-threatening opportunistic infection post-HSCT. 

Chronic GvHD is characterised by immune dysregulation, immunodeficiency, impaired organ 

function and decreased survival (Baird and Pavletic 2006). 

Chronic GvHD occurs commonly after allogeneic HSCT and is thought to be associated with 

the increasing use of allogeneic HSCT on older patients, the preference of mobilised stem 

cells over those harvested from the marrow and improvements in early survival post-

transplantation (Flowers, Parker et al. 2002, Gooley, Chien et al. 2010). A prior diagnosis of 

acute GvHD is also consistently coupled with subsequent chronic GvHD risk (Ferrara and 

Reddy 2006). The probability of developing chronic GvHD is approximately 49% in patients 

with a history of Grade I acute GvHD, increasing to 59%-85% in patients with prior Grade II-

IV acute GvHD (Ratanatharathorn, Ayash et al. 2001). Other established risk factors include 

the use of female donors for male recipients, degree of allelic mismatch for HLA, TBI and the 

use of donor lymphocyte infusions (Pavletic S. Z, Smith L.M et al. 2005). Manifestations 

typically arise within the first year after HSCT, characteristically when immunosuppressive 

therapy is weaned. Less than 10% of cases arise greater than one year after transplantation 

(Flowers, Inamoto et al. 2011). 
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Chronic GvHD remains the leading cause of non-malignancy related fatality, post allogeneic 

transplantation (Ferrara and Reddy 2006) and is  one of the principal impediments for the 

wider applications of HSCT. GvHD was initially described over half a century ago following 

the first bone marrow transplantations in humans (Mathe, Bernard et al. 1960). Since this time 

there have been many advances in our understanding of its pathogenesis and the clinical 

presentations but this is still an evolving area of research.  

1.2.2.2.1 Diagnosis and classification  

Historically chronic GvHD was defined as GvHD arising greater than 100 days post-HSCT; 

either as a progression of acute GvHD, following the resolution of acute GvHD or de novo 

(Sullivan, Weiden et al. 1981). In the past, any clinical manifestation present or arising after 

100 days was arbitrarily defined as chronic GvHD, irrespective of the clinical picture. As 

outlined in Section 1.2.4.1, significant advances in HSCT have led to profound changes in the 

natural history and clinical picture of GvHD. For this reason the NIH consensus conference in 

2005 established new criteria for the diagnosis and classification of GvHD (Filipovich, 

Weisdorf et al. 2005). Unique clinical and pathophysiological features of chronic GvHD were 

utilised to distinguish between acute and chronic GvHD disease processes thus removing the 

temporal basis of classification.  

The range of clinical signs and symptoms associated with chronic GvHD are divided by site 

or organ involved and each feature assigned to either; 1) those deemed to be diagnostic for 

chronic GvHD termed “diagnostic features” and 2) those insufficient, when arising alone, to 

secure a diagnosis of chronic GvHD due to their non-specific nature, termed “distinctive 

features”. Rare or nonspecific features are classified as “other features” whereas “common 

signs and symptoms” are those which may be seen across both the acute and chronic 

spectrum.  
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The diagnosis of chronic GvHD requires the presence of at least one diagnostic manifestation 

or at least one distinctive manifestation with supporting evidence via biopsy, laboratory 

testing or imaging. NIH diagnosis of chronic GvHD is described in Table 1.3. 

Table 1.3: Diagnosis of chronic GvHD according to NIH criteria (Filipovich, Weisdorf et al. 2005) 

The diagnosis of chronic GvHD requires the following: 

1. Distinction from acute GvHD.  

2. Presence of at least 1 diagnostic clinical sign of chronic GVHD or presence of at least 1 distinctive 
manifestation confirmed by pertinent biopsy or other relevant tests.  

3. Exclusion of other possible diagnoses 

 

Scoring of organ manifestations requires assessment of signs, symptoms, laboratory values, and other 
results. A clinical scoring system (0-3) is provided for evaluation of the involvement of individual 
organs and sites with the proposed global assessment of severity (mild, moderate, or severe) derived by 
combining organ and site-specific scores.  
 
 

1.2.2.2.2 Global scoring 

Clinical scoring of individual organ systems is on a 4-point scale (0-3), 0 representing no 

involvement and 3, severe involvement. Global scoring of chronic GvHD was originally 

divided into limited and extensive forms, dependent on the degree of overall clinical disease 

and histology of involved tissues (Shulman, Sullivan et al. 1980). Recent revisions more 

accurately reflect the overall clinical effect of chronic GvHD on the patient’s functional 

capacity and degree of overall organ involvement (Table 1.4). Global scoring of chronic 

GvHD is divided into grades of mild, moderate and severe depending on number of organs 

affected and degree of involvement of each organ (Table 1.5).   
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Table 1.4: Organ scoring of chronic GvHD (Filipovich, Weisdorf et al. 2005) 

 1 2 3 

Skin <18% of BSA AND no 
sclerotic features 

19 to 50% BSA OR 
superficial sclerosis 

>50% BSA OR deep, 
“hidebound” sclerosis OR 
reduced mobility, ulceration  

Mouth Mild signs/symptoms not 
limiting oral intake 

Moderate signs/symptoms 
with partial limitation of oral 
intake 

Severe signs/symptoms with 
major limitation oral intake 

Eyes Mild dry eye symptoms 
(using eye drops < 3x/d) 
OR 
asymptomatic but signs 
of keratoconjunctivitis 
sicca 

Moderate dry eye symptoms 
partially affecting ADL (using 
eye drops > 3x/d or 
Punctual plugs), no visual 
impairment 

Severe dry eye symptoms 
significantly affecting ADL 
OR unable to work OR loss 
of vision 

GIT Symptoms without 
significant weight loss 

Symptoms with 5 to 15% 
weight loss 

Symptoms with >15% 
weight loss, 
requiring nutritional 
supplementation OR need 
for oesophageal dilation 

Liver Bilirubin, AP, AST, or 
ALT <2x upper normal 
limit 

Bilirubin, AP, AST, or ALT 2-
5x upper normal limit OR 
bilirubin >3 mg/dL 

Bilirubin, AP, AST or ALT 
>5x upper normal limit 

Lungs Mild symptoms (SOB 
after 1 flight of steps); 
FEV1 60-79% 

Moderate symptoms (SOB 
after walking on flat ground); 
FEV1 40-59% 

Severe symptoms (SOB at 
rest or requiring O2); 
FEV1<39% 

Joints/ 
Fascia 

Mild tightness of arms or 
legs, mildly decreased 
range of motion 

At least 1 of following: 
 Tightness and joint     
 contractures 
 Erythema, decreased 
 motion 
Mild-moderate limitation in 
ADL  

Contractures with 
significantly decreased 
range of motion and daily 
activities 

Genital 
Tract 

Mild signs/symptoms, 
minimal pain on exam 

Moderate signs/symptoms 
with discomfort on exam 

Advanced signs like 
strictures, ulceration 

 

Table 1.5: Global scoring of chronic GvHD modified from NIH consensus project 

Score Features  

Mild 1-2 organs (excluding lungs) with maximum score of 1 

Moderate ≥ 1 site with organ score of 2 OR ≥ 3 sites with score of 1 OR lung score of 1 

Severe Organ score of 3 OR lung score of 2 
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1.2.2.2.3 Incidence  

Despite significant advances in transplant techniques and post-transplant immunosuppressive 

therapy 50% or more of long-term survivors of allogeneic-HSCT experience some degree of 

chronic GvHD (Mays, Fassil et al. 2013). However, current and reliable estimates of 

incidence are hindered by a lack of empirical studies, which assess the validity of the new 

standard diagnostic guidelines, established by the NIH consensus working group. Recent 

retrospective studies have highlighted significant variation in the incidence of chronic GvHD 

when the NIH diagnostic criteria are applied retrospectively to large patient groups. The 

Seattle group demonstrated that, of seven hundred and forty patients who required therapy for 

chronic GvHD following myeloablative HSCT, 48% did not fit the criteria for chronic GvHD 

when the NIH standards were applied (Vigorito, Campregher et al. 2009). By using the NIH 

criteria, the incidence of chronic GvHD may in fact be considerably lower than previously 

reported (Socie and Ritz 2014). A recent retrospective study of patients who received RIC 

allogeneic HSCT, showed a 53.7% cumulative incidence of chronic GvHD over a thirty six 

month period, a 20% reduction compared to when historical criteria were used (Thepot, Zhou 

et al. 2010). 

1.2.2.2.4 Immunopathogenesis of chronic GvHD  

As previously discussed, successful transplantation relies on molecular typing to facilitate 

precise HLA matching between donor and host. If incompatible with the host, HLA antigens 

elicit both humoral and cell-mediated host responses, which may progress to destruction of 

the graft. Relative to our understanding of acute GvHD, the underlying mechanisms leading 

to chronic GvHD are not as well understood. The process is thought to be driven by 

incompatible HLA loci in combination with alloreactive T cells.  

The essential mechanism in the pathogenesis of chronic GvHD is the recognition and attack, 

by alloreactive donor T cells, of host tissues in an immunocompromised host (Barnes, Corp et 

al. 1956, Billingham R.E 1966-1967). The immunosuppression which ensues HSCT, 

combined with the simulated immunosuppression generated via chronic GvHD prophylaxis, 

typically renders the recipient unable to reject the graft. Molecular typing is performed to 

allow for precise HLA matching between donor and recipient nevertheless considerable 

genetic disparity may still exist via the minor histocompatibility antigens (miHAs). 
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Polymorphism in miHAs, between donor and recipient, leads to the generation of an immune 

response with the expansion of alloreactive T lymphocytes (Cutler, Antin et al. 2006).  

At this stage no experimental animal model fully replicates the characteristics of chronic 

GvHD in humans in its entirety, supporting the concept of a likely interplay of several 

biological mechanisms to account for the diverse features of chronic GvHD (Martin 2008). 

Various hypotheses have emerged from ongoing animal research, postulating the involvement 

of regulatory T cells (Chen, Vodanovic-Jankovic et al. 2007), various cytokines, B cells and 

antibody-mediated mechanisms, along with the loss of negative selection due to thymic 

damage (Morohashi, Ogasawara et al. 2000, Epstein, Raber-Durlacher et al. 2009). 

1.2.2.2.4.1 The role of T-lymphocytes 

T-lymphocytes are critical in the pathophysiology of chronic GvHD. T cells are classified into 

CD4 (cytokine-secreting helper cells) and CD8 (cytotoxic suppressor cells) cell types. 

Although these two subclasses are indistinguishable morphologically, they can be 

differentiated by unique cell-surface molecules, that is, cluster of differentiation (CD) 

molecules, which are detected by monoclonal antibodies (Kumar and Clark 2005).  

Cytotoxic lymphocytes are identified by the presence of the CD8+ cell surface molecule and 

have both anti-viral and anti-tumour affects. Cytotoxic cells recognise fragments of foreign 

antigens presented on major histocompatibility complex (MHC) class 1 molecules on the 

surface of the affected cell. Cell death is achieved via the insertion of perforins into the target 

cell membrane followed by granule-associated osmotic lysis of the cell or via activation of 

caspases leading to programmed cell death (apoptosis) of the target. CD8+ cells may also 

release soluble factors which act on B lymphocytes, reducing their antibody output. 

T-helper cells (Th0) are discriminated via the presence of the CD4 surface proteins which 

function to recognise antigens expressed with MHC class II molecules on the surface of 

APCs. Unlike CD8+ cells, T-helper cells are unable to destroy their target directly; rather, 

CD4+ cells orchestrate an immune response with the activation of secondary cells, which 

eradicate the foreign antigen. Based on the resultant profile of cytokines produced, T-helper 

cells are categorised into the following functionally unique subpopulations T-helper 1 (Th1), 

T-helper 2 (Th2), T-helper 17 (Th17) and regulatory T-cells (Tregs). Each T-helper cell can 
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differentiate into either type, depending on the cytokine environment to which they are 

exposed and the antigen route.  

In the presence of interleukin (IL-12), T-helper cells (CD4+ cells) differentiate into Th1 cells, 

producing an array of cytokines promoting an immune response, predominantly the pro-

inflammatory interferon gamma (IFN- γ) or tumour necrosis factor (TNF).  Alternatively, in 

the presence of IL-4, T-helper cells differentiate into Th2 cells promoting the induction of B-

cell antibody response, producing IL-4, IL-5 and IL-13 (Yi, Chen et al. 2009). For the 

differentiation of Th17 cells the presence of TGF-β and IL-6 is mandatory; moreover IL-23 

and IL-21 are essential for Th17 cell population expansion and survival (Mays, Fassil et al. 

2013). The predominance of Th17 cells results in a pro-inflammatory response with the 

production of IL-17A, IL-17F, and IL-22. Recent studies have suggested a role for Th17 cells 

as mediators in autoimmune diseases (Koenders and van den Berg 2010) with some 

suggestion that they play a similar role in GvHD (Yi, Chen et al. 2009). 

Animal models have postulated that the mediation of both acute and chronic GvHD is due to 

the action, or lack thereof, of the above classified CD4 subtypes, within the various tissues 

involved in the GvHD spectrum (Mays, Fassil et al. 2013). When looking at acute GvHD, in 

both mice and humans, a “cytokine storm” related to the Th1 phenotype has been found to 

correlate with its development with the mediation of apoptotic damage via inflammatory 

cytokines IFN- γ and TNF (Antin and Ferrara 1992). T-lymphocytes are critical in the 

pathophysiology of chronic GvHD however, at this time, chronic GvHD cannot be neatly 

categorised as a purely Th1 or Th2 archetype (Imanguli, Swaim et al. 2009, Blazer, Murphy 

et al. 2012).  

1.2.2.2.4.2 Regulatory T cells 

Regulatory T cells (Tregs) are a subset of CD4+ cells which arise in the thymus and have 

recently been shown to be actively engaged in the maintenance of immunological self-

tolerance and immune homeostasis (Sakaguchi 2004). Tregs suppress autoreactive 

lymphocytes and hence control innate and adaptive immune responses. Significantly the 

absence or deficiency of a Treg cell population is now implicated in several autoimmune 

diseases in humans, including chronic GvHD (Mays, Fassil et al. 2013). Diminution of GvHD 

has been demonstrated in murine models with the transfer of Tregs (Brusko, Putnam et al. 

2008) and the expansion of Treg populations via subcutaneous IL-2 therapy have  been shown 
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to ameliorate the clinical features of cutaneous steroid-refractory chronic GvHD (Koreth, 

Matsuoka et al. 2011). Yet the literature seems to be inconsistent in regards to Treg 

involvement in chronic GvHD. This is an area of ongoing research. 

1.2.2.2.4.3 B lymphocytes 

The contribution of B cell activity and autoantibody production, in the primarily T cell driven 

chronic GvHD process, remains unclear, however, more evidence is emerging to support B 

cell involvement. Although no consistent pattern of antibody production has yet to be found 

in chronic GvHD, antibodies against a select group of host antigens have been demonstrated 

in certain subsets of patients, with the presence of antibodies correlating with disease activity. 

Namely, in female to male donor/host pairs antibodies to the male H-Y minor 

histocompatibility antigen have been associated with chronic GvHD activity (Miklos, Kim et 

al. 2005). Clinical evidence also exists demonstrating the prevention, delay or reduction of 

chronic GvHD following the administration of the CD20-specific antibody rituximab (Cutler, 

Miklos et al. 2006). Finally, emerging evidence demonstrates raised levels of B cell activating 

factor (BAFF), responsible for B cell survival and differentiation, in subjects with chronic 

GvHD relative to those without chronic GvHD (Sarantopolous, Stevenson et al. 2007). BAFF 

level is a focus of ongoing research in chronic GvHD showing promise as a biomarker of 

disease activity in the future.  

1.2.2.2.4.4 Thymic damage 

Lastly, loss of thymic negative selection is a postulated hypothesis for the pathogenesis of 

chronic GvHD. Acute GvHD is known to cause significant damage to the thymus including, 

but not limited to, injury to medullary epithelial cells, effacement of the corticomedullary 

junction and depletion of CD4+/CD8+ cells (Ghayur, Seemayer et al. 1988). Thymic epithelial 

cells express MHC from elsewhere in the body, these are intimately involved in antigen 

recognition and “self-tolerance” of the immune system. Developing T cells that express 

receptors with high affinity for “self ”antigens are deleted via apoptosis during normal thymic 

function, known as negative selection. Research on murine models has demonstrated 

compromised negative thymic selection in chronic GvHD with the resultant loss of self 

tolerance leading to clinical manifestations that have remarkable resemblance to chronic 

GvHD (Morohashi, Ogasawara et al. 2000). More work is required to elucidate the relevance 

in humans.  
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The diversity of the various hypotheses proposed for the pathogenesis of chronic GvHD 

supports the suggestion of a likely interplay of several biological mechanisms to account for 

the diverse features in the spectrum of chronic GvHD (Martin 2008). 

1.2.2.2.5 Graft-versus-Host Disease Prophylaxis  

GvHD, a condition of T cell mediated alloreactivity, is a common outcome of allogeneic 

HSCT and may lead to significant morbidity and mortality. Pharmacological 

immunosuppression is routinely prescribed following allogeneic HSCT with the aim to 

eliminate or blunt T lymphocyte recognition and proliferation; this being fundamental for the 

initiation of GvHD. The duration of immunosuppression varies between patients, however 

several months (approximately six months) are generally required to allow the development 

of immune system tolerance and lymphohaematopoietic chimerism (Bolanos-Meade 2006).  

Pharmacological agents frequently utilised, singularly or in combination, for GvHD 

prophylaxis include methotrexate, calcineurin inhibitors or mycophenylate mofetil.  The latter 

often preferred with non-myeloablative conditioning regimens and UCB transplants. 

Alternate techniques for the prevention of GvHD include ex-vivo depletion of donor T 

lymphocytes, via CD34+ positive selection, prior to infusion. In vivo depletion may also be 

applied via the administration of anti-thymocyte globulin (ATG) (Holtan, Pasquini et al. 

2014).  Myeloablative conditioning regimens that include ATG or the administration of high 

dose cyclophosphamide on days three and four after HSCT (Luznik, Bolanos-Meade et al 

2011) have been shown to successfully lower the incidence and severity of chronic GvHD 

(Finke, Bethge et al. 2009, Socié, Schmoor et al. 2011). Although these techniques may 

reduce the incidence of both acute and chronic GvHD, in some patients there may then be an 

associated increased risk of graft failure and relapse. In most transplant scenarios the 

inducement of a desirable degree of GvHD with the consequent beneficial GVL effect is 

sought (Jacobsohn and Vogelsang 2007). 

1.2.2.2.6 Graft-versus-leukaemia effect  

Most recently, clinical and experimental data have supported the theory that a major 

therapeutic benefit of allogeneic transplantation is related to an immune graft-versus-

malignancy effect (Weiden, Flournoy et al. 1979, Jones, Ambinder et al. 1991). Malignant 

cells may survive chemotherapeutics and the conditioning regimens prescribed prior to 
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transplantation, but they are often successfully eradicated post transplant via the graft-versus-

leukemia effect (Mays, Fassil et al. 2013).  This desirable consequence of transplantation is 

attributed to the immunological attack directed at the host’s residual haematopoietic system 

and therefore, residual malignancy, by the allogeneic graft. Over fifty years ago, using 

experimental models by Barnes and Loutit (Barnes, Corp et al. 1956) first described  the 

precise mechanisms behind the GVL effect. The workings of these mechanisms are poorly 

understood but have been postulated to be the result of recognition, by the immune response, 

of cell surface molecules presented on the residual malignant cell population. Antigens 

presented may be unique tumour antigens or, more likely, the same antigens responsible for 

inducing and sustaining GvHD (Cutler, Antin et al. 2006).  

A clear relationship has been established between the development of chronic GvHD and an 

overall reduced relapse risk which has raised the question of whether immunosuppression 

intensity should be reduced when patients at high risk of relapse go on to develop GvHD 

(Flowers and Martin 2015). There is fine balance between the benefits resulting from 

immunological control of recipient malignant cells and the known and substantial effects 

GvHD places on morbidity and mortality when uncontrolled or severe. 

1.2.2.2.7 Clinical features 

Clinically, chronic GvHD may affect multiple organs or be restricted to one site and so is 

associated with a constellation of clinical manifestations. Features resemble autoimmune and 

other immunologic disorders such as scleroderma, Sjögren syndrome and bronchiolitis 

obliterans. Symptoms generally arise within the first year following allogeneic HSCT with 

only 10% of cases developing after this timepoint (Flowers, Inamoto et al. 2011). The skin, 

conjunctiva, oral cavity, gastrointestinal tract and liver are variably affected in chronic GvHD, 

however many other organ systems may be affected. The clinical spectrum of chronic GvHD 

is described below.   

1.2.2.2.7.1 Cutaneous chronic GvHD  

Cutaneous changes attributable to chronic GvHD are of two main types: lichenoid and 

sclerodermatous. Lichenoid lesions are traditionally considered the early presentation of 

cutaneous GvHD however may precede, develop simultaneously with, or follow 

sclerodermatous change (Andrews, Robertson et al. 1997). Sites typically involved are the 
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periorbital regions, hands, forearms and trunk (Schaffer 2006). Lesions appear as flat-topped, 

pink to violaceous, scaly papules. Approximately 70% of all patients who develop chronic 

GvHD will experience cutaneous involvement (Majhail, Rizzo et al. 2012). Early features 

may progress to sclerosis leading to ulceration and infection.  

Sclerodermatous chronic GvHD, in its early stages is termed morpheaform (Saurat 1981); 

lesions present as localised patchy areas of firm, leathery and occasionally hyperpigmented 

plaques. The lower trunk is typically affected. In later stages, an insidious progression to a 

sclerotic and even sclerodermatous stage may ensue. Lichen sclerosis is the term given to the 

most superficial manifestation of sclerodermatous GvHD. These lesions appear as 

hypopigmented plaques with scaling and follicular plugging that typically affect the neck and 

trunk.   

Eosinophilic fasciitis is a rare presentation of chronic GvHD which represents a deeper form 

of sclerodermatous change. The extremities are most commonly affected, with sparing of the 

hands and feet (Schaffer 2006).  The condition is typified by pain and oedema followed by 

induration with bullae and ulcerations typically developing on the overlying surface 

(Schaffer, McNiff et al. 2005).  

1.2.2.2.7.2 Ocular chronic GvHD 

Approximately 40 to 60% of patients with chronic GvHD will develop ocular complications 

(Flowers, Parker et al. 2002); the most common presentations including keratoconjunctivitis 

sicca, sterile conjunctivitis and uveitis.  Patients may complain of dry, gritty or painful eyes, 

which may be associated with photophobia and thick lacrimal secretions. Severe ocular sicca 

will develop in 12% of patients (Flowers, Parker et al. 2002) possibly leading  to corneal 

epithelial defects and ulceration. Frequent use of topical lubricants and protective eyewear is 

essential in its management. The presence of ocular sicca is usually indicative of a wider sicca 

syndrome including xerostomia, dryness of the skin and vaginitis (Majhail, Rizzo et al. 2012). 

Ischemic microvascular retinopathy is an increasingly recognised late-effect of HSCT and is 

thought to be associated with radiation exposure and cyclosporine use (Majhail, Rizzo et al. 

2012). Resolution of retinopathy is usually achieved with the cessation of immunosuppressive 

therapy. Lastly, patients who receive myeloablative TBI based conditioning therapy are at 

high risk of cataract formation. Onset may be delayed and the incidence reduced by 
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fractionation despite this 40 to 70% of patients will still be affected at ten years (Mohty and 

Mohty 2011). 

1.2.2.2.7.3 Hepatic chronic GvHD 

Chronic GvHD is a major cause of liver dysfunction in transplant survivors. As its, aetiology 

may be multifactorial, other common causes, such as drug injury and iron overload, must be 

eliminated. Chronic GvHD of the liver commonly presents as raised serum alanine 

transaminase, alkaline phosphatase and gamma glutamyl transferase. Liver biopsy, for the 

confirmation of chronic GvHD, is essential when chronic GvHD has not been diagnosed in 

any other site.  

1.2.2.2.7.4 Pulmonary chronic GvHD 

Bronchiolitis obliterans syndrome has been identified as a diagnostic feature of chronic 

GvHD involving the pulmonary system. Often developing insidiously it may be the only site 

of chronic GvHD activity. Current estimates in the literature suggest that approximately 2% 

to 3% of all allogeneic HSCT recipients and 6% of patients who develop chronic GvHD will 

develop bronchiolitis obliterans (Chien, Duncan et al. 2010). Clinical features may be absent 

initially and later range from chronic cough, dyspnoea on exertion and progressive airflow 

obstruction. Diagnosis is via pulmonary biopsy or clinical features such as poor pulmonary 

function or characteristic features on imaging.  

Pre transplant and regular post transplant pulmonary function tests are essential for early 

detection and timely management. Bronchiolitis obliterans syndrome often requires prolonged 

treatment and is often recalcitrant to therapy (Majhail, Rizzo et al. 2012) with patients 

demonstrating an exceptionally poor prognosis. Five year survival is reported as less than 

20% in patients who do not respond to initial therapy (Au, Au et al. 2011). 

1.2.2.2.7.5 Haematopoietic and Immune Systems  

Markers of haematopoietc and immune system dysfunction are commonly associated with 

chronic GvHD but are not sufficient to support a diagnosis without indicative features in other 

organ systems. Immune reconstitution occurs gradually and often develops over twelve to 

eighteen months after transplantation. This may be even longer in those who received UCB, 

HLA-mismatched or T cell depleted transplants and in patients with chronic GvHD (Welniak, 
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Blazar et al. 2007). T-helper lymphocyte (CD4) counts and CD4:CD8 ratios are often used as 

surrogate markers for the completion of immune reconstitution (Majhail, Rizzo et al. 2012). A 

poor prognosis has been associated with the presence of thrombocytopoenia at the time of 

chronic GvHD diagnosis (Filipovich, Weisdorf et al. 2005). Clinically, the resulting 

immunodeficiency places the patient at high risk of a wide range of opportunistic infections 

and often death.  
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1.2.2.2.7.6 Oral Chronic Graft-versus-Host Disease  

The oral cavity is one of the most commonly involved sites in the chronic GvHD clinical 

spectrum and may, in some instances, be the primary or sole site of involvement. Of all 

patients who receive allogeneic HSCT approximately 50% of survivors will develop clinical 

features of oral chronic GvHD (Hull, Kerridge et al. 2012). In patients with chronic GvHD 

affecting other organs the reported incidence of oral involvement varies widely; 45% to 83% 

of patients who experience chronic GvHD showing oral features (Schubert and Correa 2008). 

A recent multicentre study reported 72% of patients showing objective features of oral 

chronic GvHD (Treister, Chai et al. 2013).  

 Presentations include characteristic lichenoid mucosal lesions, xerostomia secondary to 

salivary gland involvement or a reduction in oral aperture, resulting from local 

sclerodermatous change. These oral manifestations closely resemble, clinically and 

histologically, common autoimmune disorders including scleroderma, Sjögrens syndrome 

(SS) and immune-mediated oral lichen planus (OLP). Any oral site may be affected and the 

degree of involvement may be extensive. Oral mucosal lesions are often a source of 

significant pain, and when extensive, may limit nutritional intake and impede the maintenance 

of oral hygiene.  

1.2.2.2.7.6.1 Mucosal lesions 

Specific to the oral cavity, the signs and symptoms identified by the NIH consensus papers as 

diagnostic for the presence of oral chronic GvHD include lichen planus-like change, typically 

fixed white striations and hyperkeratotic plaques (Image 1.1). Sclerotic changes in the perioral 

tissues, in patients with sclerodermatous cutaneous chronic GvHD, may result in a reduced 

oral aperture hindering the provision of dental care and the maintenance of oral hygiene (da 

Fonseca, Schubert et al. 1998). The complete list of both diagnostic and distinctive oral 

chronic GvHD features are listed in Table 1.6. Any oral site may be affected, however the 

buccal mucosa, tongue and labial mucosa are most commonly affected (Filipovich, Weisdorf 

et al. 2005).   
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Table 1.6: Signs and symptoms of oral chronic GvHD (Filipovich, Weisdorf et al. 2005) 

 Features Description 

Diagnostic Features: sufficient to establish a diagnosis of chronic GvHD 

 Lichen-type features Fixed, white striations (not removable with 
cotton gauze) 

Hyperkeratotic plaques Fixed, white plaques (not removable with cotton 
gauze) 

Restriction of mouth 
opening from sclerosis 

Fibrosis/hardening of the peri-oral tissues on 
palpation and reduction of oral aperture 

Distinctive Features: insufficient alone to establish a diagnosis 

 

 

Xerostomia* The subjective complaint of oral dryness 

Mucocoeles A usually painless, smooth surfaced mass. May 
appear clear or bluish in colour and be numerous  

Mucosal atrophy*  

Pseudomembranes*   

Ulceration*   

Common Features: seen in both acute and chronic GvHD 

 Include the presence of gingivitis, mucositis, erythema and pain 

* In all cases, infection, drug effects, malignancy, or other causes must be excluded 

Image 1.1 Oral chronic GvHD involving the bilateral buccal mucosa with ulceration and erythema 
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Other conditions, common in the transplant patient, may bear a resemblance to the clinical 

features of oral chronic GvHD and potentially lead to mis-diagnosis of chronic GvHD. 

Infections including herpetic and fungal causes, plus mucosal trauma are common in the 

immunocompromised patient, especially those suffering from a dry mouth, and may resemble 

the white plaques and mucosal ulceration of oral chronic GvHD. Simple clinical steps are 

often sufficient to exclude these confounding diagnoses. This may include smoothing of sharp 

teeth in the vicinity of mucosal trauma and using cotton gauze to identify if a white patch can 

be removed, as would be seen in candidosis. However occasionally, particularly in the case of 

persistent oral ulceration, biopsy may be necessary to both confirm the presence of oral 

chronic GvHD and exclude malignancy.  

The diagnosis of oral chronic GvHD is most commonly based on clinical findings however 

the minimal histopathological features for the diagnosis of both oral mucosa and glandular 

tissue are well documented. In 2006 the NIH Consensus Development Project Pathology 

Working Group published a consensus document on interpretation of biopsy results in chronic 

GvHD and proposed histological criteria for GvHD diagnosis (Shulman, Kleiner et al. 2006); 

this was further updated by the 2014 Consensus Conference (Howard, Cardona et al. 

2015).The minimal histological criteria for the diagnosis of oral mucosal chronic GvHD has 

essentially remained unchanged (Figure 1.1); features consist of localised or generalised 

lichenoid interface inflammation, exocytosis, and apoptosis. The connective tissue is 

characterised by variable amounts of perivascular inflammation and lymphocytic infiltration 

with occasional subepithelial clefting (Woo, Lee et al. 1997). Histologically there may be 

little distinction between acute and chronic GvHD so mucosal biopsies should be correlated 

with clinical observations. 

Immunohistochemical studies have established that the infiltrate in chronic GvHD is 

predominately lymphocytes and macrophages (Imanguli, Alevizos et al. 2008). The ratio of 

CD8 T cells to CD4 T varies between studies, some reporting a predominance of CD8 T cells 

(Soares, Faria et al. 2005) and others a predominance of CD4 T cells (Nakamura, Hiroki et al. 

1996).  
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Image 1.2: Oral mucosal GvHD. (A) lymphocytic infiltrate along basal layer (magnified x160).  
(B) Apoptotic change at rete ridge (Treister, Woo et al. 2005, Shulman, Kleiner et al. 2006) 

1.2.2.2.7.6.2 Xerostomia and salivary hypofunction  

Salivary gland dysfunction arising in the acute stages following allogeneic HSCT is 

predominantly attributable to conditioning regimen toxicity, especially in the case of TBI; this 

can persist for many months. Late changes are most often ascribed to chronic GvHD and 

clinically resemble the features of SS (Imanguli, Atkinson et al. 2010). Critically, in isolation 

the presence of salivary hypofunction is not diagnostic for oral chronic GvHD due to the 

existence of several other potential aetiologies, most notably drugs and/or radiotherapy to the 

head and neck (Filipovich, Weisdorf et al. 2005). Extensive involvement may result in total 

destruction of secretory units leading to permanent and profound salivary hypofunction 

(Schubert and Izutsu 1987). The most prominent risk factor implicated in the 

aetiopathogenesis of chronic GvHD affecting the salivary gland tissue remains TBI 

(Hemidahl, Johnson et al. 1985). Salivary gland dysfunction may be the sole manifestation of 

oral chronic GvHD and most often presents as a complaint of dry mouth (xerostomia). A 

recent multicentre study reported that 79% of patients with a diagnosis of chronic GvHD 

complained of a dry mouth; greater than half of these recording a dryness score of less than 

five (where ten was “worst dryness” possible) (Treister, Chai et al. 2013).  

Saliva plays a major role in maintaining oral health and oral function. A decrease in the 

quantity or quality of saliva can have a profound effect on the incidence of dental decay, oral 

candidosis, the retention of dentures, mucosal friability as well as an adverse impact on 

speech, swallowing and mastication. Patients report oral dryness as the second most 

distressing symptom both at discharge and at one year after allogeneic HSCT (Larsen, 

Nordstom et al. 2007). However, the symptom of xerostomia does not always correlate with 
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clinical signs of salivary hypofunction; likewise clinical evidence of a reduced salivary flow 

may be demonstrable in patients who do not complain of a dry mouth (Alborghetti M.R, 

Correa M.E et al. 2005).  

 

 
Image 1.3: Minor salivary gland (C) Early lobular change with focal periductal lymphocytic infiltrate 
(D) Lymphocytic infiltration, focal destruction (Treister, Woo et al. 2005, Shulman, Kleiner et al. 
2006)  
 

Microscopic examination of glandular tissue in chronic GvHD shows similar features to those 

in SS though there are often less lymphocytes and organisation into foci (Lamey, Lundy et al. 

2004). Diagnostic histological features of salivary gland chronic GvHD include: intralobular, 

periductal lymphocytic infiltration with or without plasma cells and exocytosis of 

lymphocytes into the intralobular ducts and acini (Image 1.3) (Howard, Cardona et al. 2015). 

Ductal epithelial cell apoptosis, and destruction of acinar tissues with periductal fibrosis is 

also often present (Soares, Faria et al. 2005, Shulman, Kleiner et al. 2006). The superficial 

mucoceles described in the oral chronic GvHD spectrum are most likely a result of GvHD 

induced inflammation and damage to the minor salivary gland ducts leading to duct 

obstruction and eventually destruction (Schubert and Correa 2008). 

1.2.2.2.7.6.3 Dysgeusia 

Altered taste sensation (dysgeusia) is a common conditioning regimen-related phenomenon 

which typically resolves one to two months following transplantation (Comeau, Epstein et al. 

2001). In the later stages following HSCT dysgeusia and/or hypogeusia or ageuisa can persist 

or arise and this is often coupled with the onset of chronic GvHD. Patients may report a rapid 

reduction in their sense of taste during periods of chronic GvHD flare or onset (Epstein, 
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Raber-Durlacher et al. 2009). The epithelial-derived taste receptor cell has been suggested as 

an immune based target in this setting (Marinone, Rizzoni et al. 1991).  

Importantly, calcineurin inhibitors commonly used in the management of GvHD can also 

induce neurological changes which may result in dysgeusia (Schubert and Correa 2008). 

Patients commonly complain of taste changes, which may be described as metallic, salty, 

sweet, sour or bitter. Furthermore, a reduction in the quantity of saliva, when chronic GvHD 

involves the salivary glands, may promote an altered taste perception due to the reduced 

capacity for saliva to act as a solvent.
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1.2.2.2.8 Chronic GvHD management: systemic therapies 

Therapeutic decisions in the management of oral chronic GvHD must be cognisant of the 

patient’s global disease status and often require planning with the treating physician. 

Pharmacological management of oral chronic GvHD may consist of a single agent or may 

involve combinations of several agents that may be in topical or systemic form. Primary 

treatment goals are to lessen pain, increase quality of life and circumvent further damage to 

the oral tissues.  

Critically, data is sparse on the efficacy of the commonly utilised topical and systemic agents 

in management of oral GvHD. As the biometric correlates have not been established in oral 

chronic GvHD, the majority of therapeutics utilised have a generic T cell target. The 

employment of such therapies is based on data extrapolated from their effectiveness in the 

management of more common, immune medicated mucosal diseases such as oral lichen 

planus. Often the differentiation of particular therapies is determined by the availability of 

particular agents and formulations, patient acceptance and cost (Schubert and Correa 2008). 

1.2.2.2.8.1 Corticosteroids  

The NIH Working Group Report on Diagnosis and Staging defined that systemic therapy was 

indicated in the management of chronic GvHD when three or more organs were affected or 

alternatively, when a single organ was scored as two or greater (Filipovich, Weisdorf et al. 

2005). Early therapeutic intervention may circumvent progression to severe chronic GvHD 

while the implementation of therapy alone increases the likelihood of significant infection and 

consequent TRM. Systemic therapy is often indicated in the treatment of severe oral chronic 

GvHD or when isolated oral lesions fail to respond to local measures. The development of 

immunological tolerance is the long-term objective of all chronic GvHD treatment, verifiable 

by the successful withdrawal of all immunosuppressive therapy without the return or 

exacerbation of clinical manifestations (Flowers and Martin 2015). 

Systemic therapy is generally required for at least one year in patients who are classified as 

having moderate to severe chronic GvHD, namely, with the disease affecting three or more 

organs, moderate or severe disease in any one organ, or the presence of lung involvement 

(Filipovich, Weisdorf et al. 2005). Symptomatic but mild chronic GvHD is often managed 

with topical therapy alone. Intravenous methylprednisolone, at 0.5 to 1 mg/kg per day, is 
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typically prescribed as the first line systemic management with or without the addition of 

cyclosporine or tacrolimus (Lee 2005, Wolff, Gerbitz et al. 2010, Flowers and Martin 2015). 

Gradual tapering to the minimum effective dose or to an alternate-day regimen is preferred so 

that the considerable toxicities associated with corticosteroid use are minimised.  

Corticosteroids, used therapeutically, are generally synthetic analogues of the glucocorticoid 

steroid hormones produced by the adrenal glands under the regulatory control of the 

hypothalamus and anterior pituitary. Synthetic steroid therapy is used as replacement therapy 

for endocrine deficiency states and for many non-endocrine conditions to suppress 

inflammation, allergy and, of specific relevance to GvHD, to suppress immune responses.  

Naturally occurring cortisol and synthetic glucocorticoids are lipophilic and rapidly diffuse 

into target cells and bind to a cytoplasmic glucocorticoid receptor. The receptor-drug complex 

enters the nucleus and binds to specific regulatory elements on target DNA which leads to the 

initiation or inhibition of gene transcription (Goldman and Ausiello 2007). Synthetic 

glucocorticosteroids, rather than mineralocorticoids, are preferred in this setting due to their 

higher receptor affinity, slower inactivation and little or no salt retaining activity. Several 

preparations are utilised with different potencies, anti-inflammatory activity and half lives 

(Table 1.7). In the setting of GvHD, the major beneficial therapeutic effects of corticosteroid 

therapy are their immunosuppressive and anti-inflammatory properties.  

 

Table 1.7: Properties of natural and synthetic steroids (Goldman and Ausiello 2007)  

Steroid Glucocorticoid 
effect 

Equivalent 
dose (mg) 

Mineralocorticoid 
effect 

Plasma ½ life 
(minutes) 

Biological 
½ life 
(hour) 

Cortisone 0.8 25 2 30 8-12 

Hydrocortisone 1 20 2 90 8-12 

Prednisone 4 5 1 60 12-36 

Prednisolone 4 5 1 200 12-36 

Methylpred 5 4 0 180 12-36 

Triamcinolone 5 4 0 300 12-36 

Betamethasone 20-30 0.6 0 100-300 36-54 

Dexamethasone 20-30 0.75 0 100-300 36-54 

Aldosterone 0.1  400   

Fludrocortisone 10  400   
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The synthetic corticosteroids utilised in the management of GvHD are immunosuppressive 

via their impact on the activation, production, circulation, function and survival of leukocytes. 

Of particular relevance to GvHD, this effect is more pronounced on T cells than B cells, with 

the activation of apoptosis of immature or activated T cells (Goldman and Ausiello 2007). 

Corticosteroids also are potent anti-inflammatory agents due to the inhibition of the 

arachidonic acid metabolities, with interference with the cyclo-oxygenase 2 enzyme and 

phospholipase A2. Outcomes include the generalised reduction in pro-inflammatory cytokines 

such as IL-1, IL-2 IL-6, TNF-α and the rise in anti-inflammatory cytokines such as IL-4, IL-

10 and IL-13. However, long term therapy with corticosteroids, defined as systemic therapy 

for over three weeks or a dose of prednisolone >10 mg/day, may result in the significant 

suppression of normal adrenal function and is associated with numerous and significant 

adverse effects.  

Systemic corticosteroids are known to predispose patients to significant opportunistic 

infections. This is further complicated by their anti-inflammatory properties which may mask 

many of the cardinal signs of infection, such as fever, inflammation and suppuration. 

Prolonged corticosteroid therapy is the most common cause of secondary hypoadrenalism, 

clinically presenting as Cushing’s syndrome.  

Disturbances in bone metabolism are possible, leading to osteoporosis, avascular necrosis and 

pathological fractures. Prophylactic therapy for the prevention of osteoporosis is generally 

prescribed for all patients on long-term steroid therapy. Corticosteroid therapy may also cause 

depression and psychosis. Critically, chronic GvHD has a tendency to require prolonged 

treatment with only 5% of patients ceasing immunosuppressive therapy at one year after 

diagnosis (Schubert and Correa 2008) and approximately 50% of patients being cured within 

seven years after systemic therapy is initiated (Flowers and Martin 2015). As a result, GvHD 

patients are at substantial risk of serious adverse treatment related outcomes. Chronic GvHD 

which does not respond to first line corticosteroid therapy is associated with significantly 

reduced treatment success rates. 
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1.2.2.2.8.2 Calcineurin inhibitors 

Cyclosporine 

Cyclosporine, a calcineurin inhibitor, functions by suppressing T cell proliferation by binding 

calcineurin and thereby preventing transcription of genes for IL-2, IL-2 receptor and IFN-γ. 

Major adverse effects include neurotoxicity, nephrotoxicity and immunosuppression leading 

to a predisposition to infection, hypertension and impaired glucose tolerance. Specific to the 

oral cavity, cyclosporine may be associated with generalised gingival overgrowth.  

Tacrolimus  

A second line agent, functioning in a similar fashion to cyclosporine, tacrolimus binds to the 

unique protein-FKBP-12. Preferential concentration of tacrolimus in the liver sees this agent 

used in place of cyclosporine most commonly in hepatice chronic GvHD (Jacobsohn and 

Vogelsang 2002). Adverse effects are akin to cyclosporine, although a higher incidence of 

nephrotoxicity is seen and gingival overgrowth less frequently. It is important to note that the 

United States Food and Drug Administration issued a “black box” warning for tacrolimus due 

to a theoretical increased risk of malignancy, specifically squamous cell carcinoma and 

lymphoma, when used for cutaneous psoriasis (Temeck).  

Sirolimus  

Sirolimus, a macrolide compound, with a similar but not identical mode of action as 

tacrolimus, functions by inhibiting T cell co-stimulatory pathways. Increasing evidence 

supports it’s use in steroid-refractory chronic GvHD with a 63% response rate reported when 

combined with either tacrolimus or corticosteroids (Couriel, Carpenter et al. 2006). The 

adverse event profile including infection and malignant neoplasms are similar to those 

reported with all calcineurin inhibitors. Specific to sirolimus adverse effects include renal 

impairment, thrombotic microangiopathy, hyperlipidaemia and cytopenias.  
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1.2.2.2.8.3 Other immunomodulatory agents 

Mycophenolate mofetil  

Although several alternative agents have been described for second-line therapy in chronic 

GvHD no consensus has been reached regarding the optimal choice. Mycophenolate mofetil 

(MMF) is an immunosuppressive agent commonly employed in GvHD prophylaxis and is 

also the most commonly prescribed agent for the management of steroid-refractory chronic 

GvHD. Studies have shown this agent to be well tolerated with a response rate of between 

26% to 64% when used for second-line treatment of chronic GvHD (Inamoto and Flowers 

2011). MMF is a reversible inhibitor of inosine monophosphate dehydrogenase and is 

cytostatic for both T and B lymphocytes. However, gastrointestinal discomfort and infection 

are frequently associated with therapy and may limit the use of this agent (Inamoto and 

Flowers 2011).  

Methotrexate 

Widely applied in chronic GvHD prophylaxis methotrexate is also utilised as second line 

treatment of acute and chronic GvHD. Methotrexate is a potent antagonist of the enzyme 

dihydrofolate reductase and structurally similar to folic acid. Competitive and reversible 

binding to this enzyme leads to inhibition of synthesis of both thymidylate and purine 

nucleotides required for DNA and RNA synthesis. The mechanism of action in chronic 

GvHD management being inhibition of cellular division and sustained suppression of T cell 

activation (Johnston, Gudjonsson et al. 2005). When used for chronic GvHD a complete 

response has been reported in 49.6% of patients with improved responses seen in patients 

with lower grade GvHD and isolated organ involvement (Wang, Xu et al. 2009). Common 

toxicities reported in GvHD management include hematologic cytoponieas and to a lesser 

degree mucositis, hepatotoxicity, pulmonary toxicity and gastrointestinal effects such as 

nausea and anorexia.  
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Monoclonal antibodies 

Rituximab  

Due to the emerging role of B lymphocytes in the pathophysiology of GvHD new systemic 

agents are increasingly being trialed in recalcitrant chronic GvHD specifically, monoclonal 

antibodies, including anti-CD20 (rituximab). Promising but varied results are being seen, the 

highest probability of clinical response generally reported with cutaneous and 

musculoskeletal GvHD; oral chronic GvHD also showing encouraging results. Recent meta-

analysis specified an overall response rate across all affected systems of 66% (Kharfan-

Dabaja, Mhaskar et al. 2009). Specific to the oral cavity, response rates across all studies 

ranged from 0 to 83%. The relatively small number of patients included and the small number 

of studies completed limit the ability to interpret these results (Kharfan-Dabaja, Mhaskar et al. 

2009). Although generally well tolerated, infection and recurrent malignancy are the primary 

reasons for treatment failure (Inamoto and Flowers 2011).  

Imatinib 

Early data suggests that Imatinib may improve symptoms in refractory chronic GvHD with 

fibrotic features such as sclerodermatous GvHD or bronchiolitis obliterans syndrome. 

Response rates vary with seemingly limited efficacy in more advanced disease (Inamoto and 

Flowers 2011). 

Alemtuzumab 

Also known as Campath-1H, alemtuzumab is a humanized monoclonal antibody which binds 

to the human CD52 antigen which is present on most mononuclear subsets such as 

lymphocytes, monocytes, macrophages and eosinophils but not hematopoietic stem cells 

(Gilleece and Dexter 1993). Already established for the treatment of chronic lymphocytic 

leukaemia and autoimmune conditions such as vasculitis, alemtuzumab has also been utilised 

in HSCT conditioning regimens and more recently as experimental therapy for steroid 

refractory acute and chronic GvHD. Major adverse effects are significant infectious 

complications with close monitoring for CMV reactivation and both anti-viral and anti-fungal 

prophylaxis deemed essential (Nikiforow, Kim et al. 2013).  
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1.2.2.2.8.4 Extracorporeal photopheresis  

Extracorporeal photopheresis (ECP) has been explored as an alternate management option in 

chronic GvHD. ECP involves the isolation of patient’s mononuclear cells via apheresis and 

their exposure to ultraviolet light A (UVA), the cells then subsequently re-infused. Although 

not fully elucidated, the proposed mechanisms of action include apoptosis of alloreactive T 

lymphocytes, correction of CD4:CD8 ratio and the generation of regulatory T cell subsets 

(Fimiani, Di Renzo et al. 2004). Several small studies have shown effectiveness in chronic 

GvHD as an adjunct to systemic immunosuppressive therapy, particularly with cutaneous 

chronic GvHD, promising results have also been shown in the management of oral chronic 

GvHD (Greinix, Volc-Platzer et al. 2000, Greinix, van Besien et al. 2011).  A recent review of 

the available literature on chronic GvHD concluded that 76% of patients, across all studies, 

showed a regression of skin manifestations and 63% of cases with oral involvement showed 

improvement with ECP therapy (Dall'Amico and Messina 2002). Utilisation of ECP is 

hindered by the need for intravenous access plus the prolonged treatment time involved, both 

the individual session time and the total duration of the course of treatment. 
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1.2.2.2.9 Oral chronic GvHD management: topical therapies 

Topical preparations are often the sole therapy in oral chronic GvHD or may form part of a 

more complex management schedule. The advantages of topical or local therapies in oral 

chronic GvHD include the application of intensive treatments without necessarily increasing 

systemic immunosuppression thus maintaining any desirable GVL effects and avoiding 

systemic toxicities and drug interactions (Schubert and Correa 2008). Critical features of an 

effective topical or local therapy include substantivity (persistence of therapeutic effect), 

bioavailability when applied to oral mucosa, acceptable taste and a non-inhibitory cost.  

Sparse literature is available pertaining to the efficacy of specific local and topical 

medicaments and their success specifically in the management of oral chronic GvHD. The 

preparations that make up the pharmacological armamentarium are those employed in the 

management of more common oral immune-mediated conditions such as OLP and 

vesiculobullous disorders. 

The management of oral chronic GvHD will be considered as 1) management of oral mucosal 

disease and 2) management of associated salivary hypofunction. 

1.2.2.2.9.1 Corticosteroid therapy 

The mainstay of topical therapy in the management of symptomatic oral chronic GvHD are 

steroid preparations formulated in a variety of vehicles, including gels, ointments and rinses, 

and with varying potency (Couriel, Carpenter et al. 2006). The most commonly used 

formulations available in Australia are outlined in Table 1.8. Typically, when there is 

extensive oral involvement or areas are difficult to access, such as the soft palate, a mouth 

rinse is considered the most appropriate vehicle. Where distinct lesions can be visualised and 

easily accessed, gels, ointments and creams may be effective.  

Specific to oral chronic GvHD the available literature displays predictable results with 

dexamethasone solution (0.1 mg/ml used three to six times daily). A positive response was 

shown in eleven of sixteen patients with biopsy proven oral chronic GvHD treated with a 

dexamethasone solution (0.1 mg/ml dexamethasone, four times daily in combination with 

topical antifungal therapy), nine patients demonstrating complete clinical resolution (Wolff, 

Anders et al. 2004). Treatment success was also reported in patients where oral lesions had 

been recalcitrant to systemic corticosteroid therapy. Topical budesonide rinses (3 mg capsule 
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dissolved in 5 ml water, used as an oral rinse two to three times daily) showed an overall 

success rate of 58% in twelve patients with oral GVHD in a recent study, Interpretation of 

these results is difficult due to the concurrent use of systemic therapies in both of these 

studies (Elad, Or et al. 2003). The proposed benefits specific to budesonide, a highly potent 

corticosteroid, centre on its high topical-to-systemic activity unlike other corticosteroids such 

as beclamethasone and prednisolone (Brogdan and McTravish 1992). This feature is ascribed 

to the low bioavailability of budesonide when applied to mucosal surfaces, therefore 

associated with a low risk for systemic absorption and the associated side effects.  

Transient burning and the development of secondary oral candidosis are the most common 

adverse effects of topical corticosteroid therapy. The generalised immunosuppressive and 

anti-inflammatory effects of topical corticosteroids are believed to play a major role in the 

pathogenesis of secondary oral candidosis (Seymour, Meechan et al. 1999).  It has been 

reported that the presence of oral candidosis may lead to an increase in local symptoms 

however this is not universally accepted (Ellepola and Samaranayake 2001), with the 

development of oral candidosis potentially delaying effective management and obscuring the 

original pathology of interest (Savage and McCullough 2005). Resolution is usually 

achievable with topical antifungal agents generally prescribed in a prophylactic capacity 

throughout the course of topical steroid therapy.  Several topical antifungal agents are 

available for use with the selection of the appropriate vehicle requiring consideration of the 

oral disease status, for example, patients with severely dry or ulcerated tissues do not tolerate 

the use of a lozenge. An antifungal gel is usually utilised with miconazole gel (Daktarin Oral 

Gel) the agent of choice however, established drug interactions, especially with warfarin, 

must be considered (Table 1.8). 

As data demonstrating systemic absorption following the application of topical corticosteroids 

to the oral mucosa is lacking caution is required in patients with widespread ulceration due to 

the associated reduced mucosal barrier function plus in patients with prolonged or excessive 

use of topical corticosteroids (Gonzalez-Moles, Morales et al. 2002, Sankar, Hearnden et al. 

2011). Unlike the skin, oral mucosal atrophy is rarely a significant problem with long-term 

topical corticosteroid use, but for patients with pre-existing mucosal atrophy this problem 

may be compounded. For this reason, the use of the least potent agent to achieve a therapeutic 

benefit and the discontinuation of treatment when symptoms resolve is recommended. 
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Table 1.8: Topical corticosteroids plus common anti-fungals used in the management oral chronic GvHD  

Potency Generic Name Concentration Brand Instructions for use 

Mild (Class I) 

 Hydrocortisone acetate 1.0% ointment Sigmacort Apply thin film 2-4 times daily after meals 

Moderate(Class II) 

 Triamcinolone acetonide 0.02% ointment  

0.1% emollient 

Aristocort 

Kenalog in 
Orobase 

Apply thin film 2-3 times daily after meals 

 Betamethasone valerate 0.02%, 0.05% 
ointment 

Betnovate  Apply thin layer 2-3 times daily after meals 

 Fluticasone propionate 125 cg/dose 
inhaler 

Flixotide Metered 
Dose 

1-2 s prays directed at lesion, 2-4 times daily (max 8 spray 
doses per day) 

Potent (Class III) 

 Betamethasone valerate 0.1% ointment Betnovate Apply thin film 2-3 times daily after meals 

 Betamethasone 
diproprionate 

0.05% ointment Diprosone Apply thin film 2-3 times daily after meals 

 
Dexamethasone 4mg 
tablet 

0.25mg/ml 
solution 
(0.5mg/rinse) 

1 tablet dissolved 
in 160ml water 

Gently swish with 20ml for 5min then spit out. Repeat 3-4 
times daily 
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Prednisolone 5mg tablet 0.5% solution Dissolve 1 tablet 
in 10ml water 

Gently swish with entire solution for 5min then spit out. 
Repeat 3-4 times daily. 
Bitter taste may affect compliance- dexamethasone solution 
preferred.  

 Mometasonefuroate 0.1% ointment Elocon Apply thin film 1-2 times daily 

Super potent (Class IV)  

 Betamethasone 
dipropionate 

0.05% OV* Diprosone OV Apply thin film 1-2 times daily 

Intra-lesional injection 

 
Triamcinolone acetonide 10mg/ml Kenocort-A 10  Maximum 1mg/injection site, repeat at ≥ 1 week intervals if 

required 

Commonly used topical antifungals 

 

Miconazole 20mg/g  Daktarin Oral Gel Place ½ of provided scoop on tongue, hold for as long as 
possible then swallow. Alternatively, patients using an 
ointment TC can mix both 1:1 
Be aware of drug interactions, especially Warfarin 

 

Nystatin 100 000 U/ml 
(dropper bottle) 

Nilstat Oral Drops Swirl 1ml in mouth for as long as possible then swallow. 
Repeat QID 
Alternatively, patients using mouthwash TC can add 1 drop to 
each mouthrinse. Contains sucrose-not for prolonged use in 
dentate patients 

* OV- optimised vehicle, TC- topical corticosteroids,  
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1.2.2.2.9.2 Other immunomodulatory agents  

Effective symptom management with topical corticosteroid therapy is not always achievable 

prompting the use of topical immunomodulators. A small number of studies have explored 

the use of topical cyclosporin in cases where oral chronic GvHD was not responsive to topical 

corticosteroids. Promising results were shown with cyclosporin in both a mouth rinse and 

adhesive paste, although the sample size was insufficient to provide a high level of evidence 

(Epstein and Reece 1994, Epstein and Truelove 1996). Side effects were reported as mild and 

usually consisted of transient burning. While the topical cyclosporine mouthwash (Neoral 

solution) has been utilised in some Australian transplant centres, it is prohibitively expensive 

and so is not routinely used. In addition, its unpleasant taste and high (12%) ethanol content 

makes this solution generally not suitable for the frequently ulcerated and atrophic 

presentations of oral chronic GvHD. 

Tacrolimus and pimecrolimus are newer calcineurin inhibitors with an improved safety 

profile in comparison to cyclosporin. In its topical preparation tacrolimus is widely used in 

the treatment of atopic dermatitis and cutaneous chronic GvHD. There have been promising 

results when used in the management of symptomatic OLP and the oral mucosal lesions of 

vesiculobullous conditions, with the majority of studies concluding that tacrolimus was at 

least as effective as topical corticosteroids. This has been recently reviewed elsewhere (Al 

Johani, Hegarty et al. 2009).  

Importantly, tacrolimus ointment has shown success in a limited number of studies in patients 

with oral chronic GvHD (Eckardt, Starke et al. 2004, Albert, Becker et al. 2007). In clinical 

practice, there is often a preference for the use of topical tacrolimus where oral chronic GvHD 

involves the lips and vermillion as a means of avoiding the potential atrophic effects seen 

with prolonged topical corticosteroid use in these sites. The use of topical tacrolimus in the 

management of oral mucosal disease has been shown to have reasonable safety and few 

adverse effects, those documented including the sensation of mucosal burning, taste 

disturbance and mucosal staining (Al Johani, Hegarty et al. 2009). Systemic absorption with 

therapeutic trough levels have been reported by some (Conrotto, Carrozzo et al. 2006) 

indicating that patients receiving concurrent systemic tacrolimus should be closely monitored, 

although it is unclear if whole blood tacrolimus levels need to be continuously assessed in 

patients receiving topical tacrolimus alone. 
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While tacrolimus ointment generally has an acceptable toxicity profile, the United States 

Food and Drug Administration has issued a “black box” warning for tacrolimus due to a 

theoretical increased risk of malignancy, specifically SCC and lymphoma, when used for 

cutaneous psoriasis (Temeck).  In Australia, the use of topical tacrolimus is also inhibited by 

the need for a compounding pharmacist, as ideally tacrolimus would be compounded with 

orabase to form a 0.1% ointment. Paraffin wax has been used for skin preparations, but it is 

not suitable for oral use due to poor adhesion. For these reasons, tacrolimus use is limited and 

often restricted to second line therapy when treatment with topical corticosteroids has failed.  

1.2.2.2.10 Oral chronic GvHD management: non-pharmacological 

Non-pharmacological management strategies form a critical adjunct in the overall 

management of patients suffering from oral mucosal chronic GvHD, this includes the 

avoidance of known irritants such as sodium-lauryl-sulphate (SLS) containing toothpastes and 

alcohol-containing mouthwashes. The practice of gentle yet thorough oral hygiene practices 

on a daily basis combined with regular professional cleaning is also of great importance in the 

management of oral mucosal GvHD. A bland diet is recommended and often better tolerated 

with the avoidance of spices, chilli and acidic foods during symptomatic phases.  The use of 

topical analgesics, such as lignocaine viscous (2% solution, 15 ml swished for thirty seconds 

every three hours) may be helpful when symptomatic oral chronic GvHD impedes daily 

activities and nutritional intake. 

1.2.2.2.10.1 Light-based therapies  

Exposure to UVA following the oral administration of 8-methoxypsoralen, known as PUVA 

therapy, has been described for the treatment of several cutaneous conditions. 8-

methoxypsoralen diffuses into the cell nucleus causing cross-linkage of DNA. Once exposed 

to UVA, it leads to cellular apoptosis. It has been suggested that rapidly proliferating cells, 

such as T lymphocytes and antigen presenting cells, may be particularly sensitive to these 

effects (Yoo, Rook et al. 1996). PUVA is more commonly employed for the management of 

cutaneous GvHD. Several case series have also reported a beneficial response with local 

intraoral PUVA therapy for steroid-refractory oral chronic GvHD (Vogelsang, Wolff et al. 

1996, Wolff, Anders et al. 2004). More recently Wolff et al. reported promising results with 

seven patients with recalcitrant oral chronic GvHD who were treated with intraoral PUVA 

therapy using a flexible glass fibre extension. Of note, all but one patient received concurrent 
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systemic immunosuppression. Overall six of the seven patients responded to intraoral PUVA 

therapy with four patients showing complete resolution of active oral chronic GvHD after 

requiring a median of thirty six treatments (range from eleven to ninety two) (Wolff, Anders 

et al. 2004).  

Common adverse effects associated with PUVA therapy include nausea associated with 

methoxypsoralen administration and phototoxicity. This is generally well managed with 

antiemetic pre-medication. Potential adverse effects include methoxypsoralen-associated 

hepatotoxicity, requiring regular monitoring of liver function. Potential cataract development 

has been reported with UVA exposure following photosensitiser administration necessitating 

appropriate eye protection following ingestion of methoxypsoralen. The use of topical 

psoralens has been suggested as a method of avoiding the side effects attributable to systemic 

administration (Al-Hashimi, Schifter et al. 2007). An important long-term side effect 

identified with cutaneous PUVA is the risk for cutaneous malignancies, particularly SCC and 

basal cell carcinoma, over an extended time frame of ten to twenty years (Lindelof, 

Sigurgeirsson et al. 1991). At this stage there is insufficient data available to determine the 

actual risk for oral malignancy (Schubert and Correa 2008).  

Significantly there has been increasing interest in the applications of ultraviolet light B 

(UVB), instead of UVA, to treat skin conditions. The proposed benefits of UVB include 

efficacy without the use of a photosensitising agent combined with the fact that an increased 

malignancy risk has not been reported with UVB (Schubert and Correa 2008). Wackernagel et 

al. compared the efficacy of PUVA and UVB therapy in patients with diffuse OLP. Out of the 

fifteen patients treated with PUVA 67% (n=10) showed complete resolution following 

therapy compared to 31% (n=4) of the thirteen patients in the UVB group (Wackernagel, 

Legat et al. 2007). There is limited available data on the application of UVB therapy in oral 

chronic GvHD. Two cases of steroid-refractory oral chronic GvHD treated with UVB 

radiation have been reported. Both patients responded early and effectively, displaying only 

minimal side effects at a relatively low cumulative dose (Elad, Garfunkel et al. 1999). More 

work is needed on both the use of PUVA and UVB in the treatment of oral chronic GvHD.  

Lastly, the use of low-level laser therapy (LLLT) and CO2 laser treatment has been described 

in a small number of case reports (Table 1.9). The positive features of LLLT, include its 

regenerative effects and immunomodulatory potential demonstrated in vivo, as the inhibition 

of the proliferation of lymphocytes (Dyson, Agaiby et al. 2002). Marked improvement in oral 
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chronic GvHD lesions has been reported in a case study where LLLT was used (Chor, Mello 

de Azevedo et al. 2004). A recent study investigated the use of CO2 laser for pain control in 

oral chronic GvHD. Using a low power emission (1 W), treatment was provided without local 

analgesia with patients reporting an immediate reduction in pain following 82% of sessions 

(Elad, Or et al. 2003). Emission of infrared radiation at a wavelength of 10.6 mm via CO2 

laser allows high water and soft-tissue absorption. Although the underlying mechanism for 

the analgesic effect seen with CO2 laser has not been fully elucidated, the activation of c-

fibres leading to the induction of a central somatosensory response is proposed (Tran, Inui et 

al. 2002). An alternative theory suggests a spinal inhibitory effect via peripheral nerve 

stimulation (Weng and Schouenborg 1996). 

 

Table 1.9: Alternative non-steroidal local therapies (Schubert and Correa 2008) 

Formulation Specific agent Concentration Instructions for use 

Rinse Cyclosporine 100 mg/ml 5 ml swished for several min, 
spit out. 3 times day 

 Azathioprine 5-10 mg/ml 5-10 ml swished for 3-5 min, 
spit out. Repeat 2-6 times day 

Gel or 
ointment Cyclosporine 0.5 mg/ml Applied to lesions 2 times daily 

 Azathioprine 5 mg/ml in 3% methylcellulose 
base 

1-2 ml applied to lesion 3-4 
times day 

 Tacrolimus 0.1% gel Apply on gauze, hold on lesion 
15-20 min. 2 times day 

Phototherapy PUVA 
0.3 mg/kg psoralen given orally 
followed by 0.05-6.0 J/cm2 
UVA radiation 

UVA dose increased (by 0.5-
6.0 J/cm

2
) as tolerated. 3-4 

times per week until resolution 

 UVB 0.02mJ/cm2 Escalating doses by 0.02 
mJ/cm2 every 4th use  

 Low-level laser 
therapy 632-660 nm, 2-3 J/cm2

 
per use Treat 2-3 times per week until 

healed 

 Carbon dioxide 
laser Defocused 1 W Held 1 cm from surface for 2-3 

seconds. Surface kept moist 
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1.2.2.2.11 Salivary chronic GvHD management 

Successful management of the symptom of xerostomia associated with chronic GvHD can be 

enormously challenging with only temporary relief often achievable through the use of oral 

moisturisers, chewing sugar-free gum, saliva substitutes and frequent sips of water. Artificial 

saliva products are available in various preparations with unique qualities, yet few studies 

have compared their effectiveness. One study compared the efficacy of commercially 

available mucin-based products with carboxymethylcellulose (CMC) preparations, finding 

that mucin-containing products were better tolerated and accepted by patients (Visch, 

Gravenmade et al. 1986). Most available products, including those in Australia, are, CMC 

preparations, which increase the viscosity but do not reproduce the physical or chemical 

properties of saliva (Agha-Hosseini, Mirzaii-Dizhag et al. 2007). Patient acceptance of these 

preparations is often hindered by taste, viscosity, lubrication properties, and poor retention in 

the mouth (Epstein and Stevenson-Moore 1992).  

Longer lasting results may be seen with the use of sialagogues, such as pilocarpine 

hydrochloride, which directly stimulate the salivary glands to increase output. Functional 

glandular tissue is required for successful outcomes of such therapy. Pilocarpine is most 

commonly prescribed for the treatment of glaucoma as a locally acting meiotic agent of the 

papillary muscles. Via its cholinergic effect, pilocarpine hydrochloride also increases the 

secretions of exocrine glands including the salivary, lacrimal, sweat and gastric glands along 

with the mucous cells of the respiratory tract. In Australia, off label uses of pilocarpine 

(Isopto Carpine eye drops) is seen in numerous conditions associated with salivary 

hypofunction, namely, SS and more recently salivary hypofunction of chronic GvHD (Table 

1.10). Adverse effects seen with pilocarpine hydrochloride may include urinary urgency and 

an increase in perspiration, lacrimation and nausea. More significant adverse effects include 

an increase in airway resistance and bronchial secretions as well as bradycardia and postural 

hypotension. Pilocarpine should therefore be avoided in patients with significant 

comorbidities including pulmonary or gastrointestinal GvHD.  

Several studies have shown promising results with pilocarpine therapy for patients who have 

had head and neck radiotherapy and, more recently, in patients with salivary chronic GvHD. 

One study demonstrated a statistically significant difference in salivary flow rate one hour 

following administration of pilocarpine hydrochloride (5 mg oral pilocarpine, Salagen™) 
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(Agha-Hosseini, Mirzaii-Dizhag et al. 2007). However salivary levels rapidly returned to 

baseline following cessation of treatment, suggesting continuous administration is necessary. 

While longer acting sialagogues have been studied in chronic GvHD (cevimeline-Evoxac™) 

none are currently available in Australia (Fox 2004). Common products used in the 

management of dry mouth are listed in Table 1.10.  

Patients should also be encouraged to use a fluoride containing toothpaste that is also SLS 

free, as this is often better tolerated.  Detailed oral hygiene and dietary instruction is also 

essential. Saliva is a reservoir for ions that facilitate tooth remineralisation and so avoidance 

of acidic and sugar-containing foods and beverages are essential in minimising the rampant 

dental decay that is frequently seen in patients with low salivary flow.
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Table 1.10: Management of xerostomia in chronic salivary GvHD 

Use Specific agent Main ingredients Instructions for use 

SLS free toothpastes 
(fluoride containing) 

Biotène Toothpaste  0.14% w/v sodium 
monofluorophosphate 

 

Oral Seven toothpaste 0.76% w/w sodium 
monofluorophosphate 

 

Curasept chlorhexidine 
toothpaste 

0.05% fluoride 

0.05% chlorhexidine 

 

Curaprox Enzycal Sodium fluoride 950 ppm  

Xerostom toothpaste  Sodium fluoride 995 ppm Online only 

Sialagogues 4% Isopto Carpin Eye Drops 
(15 ml) 

pilocarpine hydrochloride Place 3-4 drops on a spoon, stir into a 
small amount of water. Drink solution 
immediately. Repeat 3 times daily 

Mucosal lubricants Biotène Oralbalance gel Glycerin and sorbitol base  
Carbomer 
Hydroxyethycellulose 
Sodium hydroxide 

Apply on fingertip to affected areas when 
required, especially at night. Biotène® 
range: mouthwash, spray 

 

Oral Seven Gel Glycerin, sorbitol base 
Aloe barbadensis 
Lactoperoxidase 
Lactoferrin, Lysozyme 

Apply by fingertip to affected areas when 
required, especially at night. Oral Seven 
range: mouthwash, spray 
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 Hamilton Aquae Oral Gel Carmellose sodium 20 mg/g 
 

PBS approval for 4 months in palliative 
care where dry mouth is a symptom 

 Hamilton Aquae Liquid Per ml contains: 
Sorbitol solution 42.86 mg 
Carmellose sodium10 mg 

1-2 sprays into mouth as required. PBS 
approval for 4 months in palliative care  

 

Xerostom® Gel (biocosmetic 
laboratories) 

Glycerin based 
Extra virgin olive oil 
Provitamin B5 
Provitamin E 
Parsley oil 
(See fact sheet for full list)  

Apply by fingertip to affected areas when 
required, especially at night. Online only. 
Xerostom range: spray, pastilles, gum, 
mouthwash 

 
General salad oils Patients can use any palatable salad oil as 

an oral lubricant e.g. coconut oil, olive oil  
Place a small amount in mouth, use tongue 
to spread over affected tissues 
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1.2.2.2.12 Prognosis and long-term screening 

Chronic GvHD has long been associated with impaired functional status, the need for 

prolonged immunosuppressive therapy and reduced survival (Duell, van Lint et al. 1997, 

Sutherland, Fyles et al. 1997, Lee, Klein et al. 2002). This is the chief cause of late transplant 

related mortality in long-term survivors of allogeneic HSCT, with a five-year survival rate for 

transplant recipients who develop chronic GvHD being as low as 70% in certain populations 

(Arora, Klein et al. 2011). Approximately one-quarter of deaths in long-term allogeneic 

transplant survivors for leukaemia are attributed to chronic GvHD and even those who 

develop chronic GvHD experience a reduction in quality of life and significant morbidity 

(Ratanatharathorn, Ayash et al. 2001).  

Specific patient and disease features have been associated with higher TRM in chronic GvHD 

patients; these include the occurrence of chronic GvHD in multiple organs, a poor clinical 

performance score, thrombocytopoenia at onset of chronic GvHD plus the development of 

chronic GvHD on the background of pre-existing acute GvHD (Filipovich, Weisdorf et al. 

2005). Transplant related mortality has been reported to increase with the increasing global 

severity of chronic GvHD, a relative risk of 0.6 in mild chronic GvHD relative to 6.3 in 

severe chronic GvHD (Lee, Klein et al. 2002).  

Despite these unfavourable outcomes, the presence of chronic GvHD has been associated 

with fewer leukaemic relapses, a low relapse rate of 8-9% reported after the onset of chronic 

GvHD, is thought to reflect the GVL effect (Lee, Klein et al. 2002). The overall impact 

chronic GvHD plays on survival depends on a fine balance between its adverse and desirable 

effects in each individual. When severe, chronic GvHD is the primary cause for non-

malignant mortality following allogeneic transplantation.   

Examination and surveillance of the oral tissues of survivors of allogeneic HSCT, with timely 

biopsy of persistent or suspicious lesions to exclude dysplasia or malignancy, should form 

part of the long-term follow-up and screening following transplantation. Guidelines on the 

long-term management of patients with Fanconi anaemia recommend oral mucosal review on 

a six monthly basis while EBMT guidelines for long-term follow-up of transplant recipients 

recommend oral mucosal review annually (Majhail, Rizzo et al. 2012, Elad, Raber-Drulacher 

et al. 2015).  
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1.2.2.3 Second malignancies  

The development of subsequent neoplasms following HSCT has long been recognised as a 

rare but devastating complication for long-term survivors of transplantation and are a leading 

cause of nonrelapse mortality amongst survivors. Second malignancies are grouped into three 

categories: B and T cell malignancies (including lymphoproliferative disorders), 

myelodysplastic syndrome/acute myeloid leukaemia (AML), and solid tumours. In the early 

post-transplant period, particularly in the first one to two years, lymphoproliferative disorders 

and haematologic malignancies are the most frequently observed with solid tumours tending 

to a longer latency (Elad, Meyerowitz et al. 2008).  

Survivors of allogeneic transplantation face a significant risk of secondary solid malignancies, 

with 2 to 6% of survivors developing a secondary solid malignancy at ten years (Mawardi, 

Elad et al. 2011), which was two to three times higher when compared to an age, gender and 

region matched population (Rizzo, Curtis et al. 2009, Tichelli, Rovo et al. 2009). 

Retrospective analysis of 17 545 adult allogeneic HSCT recipients in Japan showed a 1.8-fold 

higher risk of invasive solid cancers compared with the general population; the risk increasing 

as time from transplantation increase (Atsuta, Suzuki et al. 2014). In the oral cavity, the vast 

majority of malignancies are squamous cell carcinomas (SCC) and may involve the buccal 

mucosa, gingiva, lip and tongue (Curtis, Metayer et al. 2005). Solid tumours of the lip can 

also occur with an incidence ratio of 26.8 in HSCT survivors compared to the general 

population (Rizzo, Curtis et al. 2009). Risk factors include the use and dose of irradiation to 

the head and neck region, the presence and severity of oral chronic GvHD plus an underlying 

diagnosis of Fanconi anaemia (Majhail, Rizzo et al. 2012).  

In general, the risk for solid tumour development is proportional to the survival time post 

HSCT with the median time from HSCT to solid tumour diagnosis being seven years (range 

0.9 to 22.9 years) and a cumulative incidence of 1.1% at twenty years (Curtis, Metayer et al. 

2005). The biologic mechanisms involved in the higher incidence of post-transplant 

squamous cell carcinoma have not been fully elucidated, however it is postulated that the 

prolonged immune deficiency following HSCT, in combination with prolonged periods of 

immunosuppressive therapy and cytotoxic chemo-radiotherapy preparatory regimens may 

lead to the propagation of oncogenic viruses and may render tumour development more likely 

(Curtis, Metayer et al. 2005, Morton, Saber et al. 2017). Several studies have discussed the 

association between chronic GvHD and the development of subsequent neoplasms, indicating 
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that the development of subsequent neoplasms may be due to both the extended periods of 

tissue destruction and repair seen in chronic GvHD and the prolonged immunosuppressive 

therapy required for management (Curtis, Metayer et al. 2005).  Several authors have 

described the development of solid malignancies at sites previously or concurrently affected 

with chronic GvHD, proposing chronic GvHD as an independent risk factor (Abdelsayed, 

Sumner et al. 2002, Demarosi, Lodi et al. 2005).  

Long-term follow up is essential for all survivors of allogeneic HSCT especially those with a 

history of oral chronic GvHD. Dysplastic, pre-malignant lesions and frank malignancies may 

potentially be obscured by, or may even resemble, oral chronic GvHD.  A low threshold for 

incisional biopsy is paramount in this patient group to allow early detection and management. 

Oral and cutaneous malignancies following HSCT have a tendency toward aggressive 

behaviour and a tendency to recur with median survival time following the diagnosis of 

invasive SCC shown to be 1.7 and 4.1 years respectively (Abdelsayed, Sumner et al. 2002). 

Patients should be informed of the cancer risk and educated on the avoidance of known high-

risk behaviours such as cigarette smoking, chewing tobacco and the consumption of alcohol 

(Majhail, Rizzo et al. 2012). 
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1.3 Biomarkers in Chronic Graft-versus-Host Disease 

Biomarkers, or biology-based markers, are defined as a metric, which can be objectively 

measured and evaluated as an indicator of a normal biologic or pathogenic process, a 

pharmacologic response to a therapeutic intervention, or a surrogate end-point intended to 

substitute for a clinical relevant end-point (Biomarkers Definitions Working Group 2001). 

They are a critical area of research in chronic GvHD, highlighted in the chronic GvHD 

Biomarker Working Group 2006 NIH Consensus paper (Schultz, Miklos et al. 2006). At this 

time there are no validated biomarkers for chronic GvHD, as progress in this field is 

hampered by the complex and incompletely understood pathophysiology of chronic GvHD. 

Several classification systems have been proposed for the categorisation of biomarkers in 

chronic GvHD, with classification via process or mechanism of involvement in chronic 

GvHD pathology favoured by the NIH consensus. Specifically, this classification system 

includes those involved in allogeneic disparity, direct allogeneic immune response, 

inflammatory responses, regulatory immune cell populations, immune consequences of 

GvHD and non-immune biomarkers with examples listed in Table 1.11 (Schultz, Miklos et al. 

2006).  

Table 1.11 Classification of GvHD biomarkers based on process-specific mechanisms # 

Type of response  Examples which are established or under research 

Allogeneic disparity HLA typing 

Direct allogeneic immune 

response 

Immunity against miHAs e.g. H-Y antigen in female to 

male donor-host relationship 

Inflammatory responses Th1 and Th2 cytokine measurement 

Regulatory immune cell 

populations 

Regulatory T cells are being explored but contradictory 

results 

Immune consequences of GvHD Platelet counts, salivary IgA 

Non-immune biomarkers von Willebrand factor 

# Modified from (Schultz, Miklos et al. 2006) 
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As already discussed (Section 1.1.1) successful allogeneic HSCT relies on molecular typing 

to facilitate precise HLA matching between donor and host, with HLA mismatching well 

established as a prognostic marker for the development of chronic GvHD (Beatty, Anasetti et 

al. 1993). When incompatible with the host, HLA antigens eliciting both humoral and cell-

mediated host responses, may progress to the rejection and destruction of the graft. HLA-A, 

HLA-B, and HLA-DR are routinely evaluated prior to donor selection to ensure compatibility 

(Petersdorf, Anasetti et al. 1998). 

Minor histocompatibility antigens are a primary example of biomarkers involved in the 

allogeneic immune response with the most convincing evidence relating to H-Y antigen 

involvement.  Even with precise HLA matching between donor and recipient considerable 

genetic disparity may exist via the miHAs as the identification of these miHAs by donor T 

cells generates an immune response potentially resulting in GvHD (Copelan 2006). The H-Y 

antigen, a cell surface antigen unique to the Y chromosome, distinguishes male from female 

and has been proposed as the cause for the increased incidence of chronic GvHD in male 

patients who have a female donor (Randolph, Gooley et al. 2004, Miklos, Kim et al. 2005). 

Conflicting evidence supports the involvement of both high and low levels of regulatory T 

cell populations in chronic GvHD (Clark, Gregg et al. 2004, Zorn, Kim et al. 2005). Other 

regulatory immune populations put forward as biomarkers in chronic GvHD include 

plasmacytoid dendritic cells and the production of autoantibodies by activated B cells 

however contrasting data prevents a definitive position at this time (Schultz, Miklos et al. 

2006).  

Autoimmune mechanisms are believed to be at least partially responsible for some of the 

clinical expressions of chronic GvHD. Cell surface markers for these effector cells have been 

investigated as biomarkers representing immune modulatory consequences (Kotani, Ishikawa 

et al. 2001, Schultz, Miklos et al. 2006). Early observational studies have proposed non-

immune biomarkers such as Von Willebrand factor and thrombomodulin, specifically in the 

context of endothelial damage in chronic GvHD (Biedermann, Sahner et al. 2002). Further, 

Grkovic et al showed that reduced albumin, raised C-reactive protein, and higher platelets 

were consistently seen in the routine blood tests of patients with active disease, this also 

correlated with global severity (Grkovic, Baird et al. 2012).  Non-immune biomarkers specific 

to oral chronic GvHD have also been reported. A recent study confirmed the findings of 

earlier research where altered albumin concentration, acute-phase reactants and total 
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complement were reflective of ongoing tissue inflammation in oral chronic GvHD (Gabay 

and Kushner 1999, Fassil, Mays et al. 2012).  

Lastly, chronic GvHD has been associated with an imbalance in the ratio of Th1 and Th2 cell 

populations; a predominance of Th1/cytotoxic T cell type 1 with aberrant IFN-γ production or 

conversely Th2 involvement has also been suggested (Tanaka, Imamura et al. 1994, Tanaka, 

Imamura et al. 1997), with a predominance of one over the other probably associated with the 

onset of different clinical presentations of chronic GvHD (Schultz, Miklos et al. 2006). 

Cytokines, as chronic GvHD biomarkers reflective of inflammatory responses, are discussed 

further below with a specific focus on oral chronic GvHD findings.  

1.3.1 Cytokines 

Cytokines are a broad range of structurally diverse, pleiotropic proteins which are secreted by 

a wide variety of cells (Bone 1996) with growth, differentiation and activation functions 

which direct and regulate immune responses. Cytokines are fundamentally involved in 

virtually all aspects of immunity and inflammation, their effects mediated via binding to 

specific high-affinity receptors on target cells.  The cytokine family is extensive, over 100 

cytokines are now identified. Many cell types are capable of producing cytokines with the T 

cell and macrophage being the most prominent. Individual cytokines are known to potentially 

interact with several cell types, leading to varied outcomes, although considerable 

"redundancy" also exists with many cytokines sharing similar functions.  

Cytokines accomplish their outcomes via cell-receptor interactions, most commonly, with 

receptors on cells in their vicinity (paracrine activity).  They may also act on the cell of 

production (autocrine) or systemically (endocrine) (Fein and Abraham 2011). Following 

receptor interaction a subsequent cascade of intracellular signals leads to the alteration of cell 

function; the effect of a particular cytokine depending on the cytokine, its extracellular 

concentration, the presence and abundance of the complementary receptor, and downstream 

signals activated by receptor binding. Outcomes may include the up regulation and/or down 

regulation of several genes and their transcription factors, resulting in the production of other 

cytokines, an increase in the number of surface receptors for additional cytokines, or the 

suppression of their own effect by feedback inhibition. 
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1.3.2 Classification  

The identification and classification of cytokines has evolved over time. 

Historically cytokines were characterised and named by their individual effects on cellular 

function and biological activities, for example ‘T cell growth factor’. The recognition of the 

vastly pleiotropic and redundant activities of cytokines has led lead to the awareness of 

cytokine “networks”, the concept of groups of cytokines working synergistically to regulate 

normal physiology and disease-related activity (Chittock, Joseph et al. 1994). Current 

thinking supports the model that no individual cytokine is likely to be responsible for 

controlling a specific cellular function or physiological process (Fein and Abraham 2011), 

rather, the complete cytokine profile generated in response to a specific immune insult will 

ultimately define if an immune response develops, and the subsequent immune response. 

There is no unified approach to the classification of cytokines. Several categorisations have 

been put forward, including but not limited to, receptor structure, cell of origin and functional 

activity. Current literature favours classification into five cytokine superfamilies whose 

receptors are akin structurally but do not necessarily share functional similarities (Table 1.12).  

Table 1.12: Classification of Cytokines by Receptor Class (Mc Pherson and Pincus 2011) 

Receptor Class Structure and Signalling Pathway Examples 

Immunoglobulin 
superfamily 

Share structural homology with immunoglobulins. 
Receptors contain paired antiparallel β sheets 
forming a sandwich structure known as Ig-fold 

IL-1, IL-18, M-
CSF 

Tumour Necrosis 
Factor 

Receptors all contain a cysteine-rich extracellular 
domain and activate the NFκB pathway 

TNF-α, TNF- β, 
CD20 

G-protein-coupled 
receptor 

Receptors contain a 7-transmembrane helix which 
couples to G-protein activating MAP kinase 

IL-8, CCR1 

Type 1 
(hemopoietin 
receptors) 

Lack intrinsic tyrosine kinase activity. 
Transmembrane receptors with high-affinity α and 
β chains and a common WSXWS motif 

IL-2, IL-12, 
GM-CSF 

Type II Lack intrinsic tyrosine kinase activity. 
Transmembrane receptors with similar signalling 
pathways to Type 1 group but lack WSXWS motif 

IL-6, IL-10, IL-
13 
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Cytokines may also be classified according to the predominate cell of origin or primary 

function. The two main classes of cytokines, when grouped according to function, are those 

that promote cell-mediated immunity and those that promote antibody-mediated immunity. 

Cytokines may then be further subdivided according to their major activities, for example, 

pro-inflammatory, lymphocyte growth factor, anti-inflammatory, among others (Mc Pherson 

and Pincus 2011).  

1.3.3 Cytokines in Graft-versus-Host Disease 

Clinical and animal studies have shown that numerous T cell subsets including Th1, Th2, 

Th17, T follicular helper cells and regulatory T cells, play a role in chronic GvHD onset and 

progression, with cytokines and chemokines produced by these cell types mediating both 

tissue inflammation and damage associated with chronic GvHD (Presland 2016). Many of 

these same mediators have been studied as candidate biomarkers for chronic GvHD and are 

often explored as objective indicators of disease presence or as markers or targets for 

pharmacologic response. At this time there are no consistently validated biomarkers for 

chronic GvHD, with progress complicated by the complex and incompletely understood 

pathophysiology of chronic GvHD. Candidate serum biomarkers currently being explored 

include IL-6, IL-1β, IL-1α, TNF-α and soluble B cell activating factor (sBAFF), their 

increased concentration appears to be of value in the diagnosis and grading of chronic (non-

oral, extensive) GvHD (Bazzichi, Rossi et al. 2007, Sarantopolous, Stevenson et al. 2007, 

Baird and Montine 2008, Fujii, Cuvelier et al. 2008).  

Increased transcription of TNF-α in transplant recipient T cells and raised serum levels have 

been shown to predict the onset of chronic GvHD (Ritchie, Seconi et al. 2005, Skert, Damiani 

et al. 2009). Further, sBAFF was elevated in paediatric allogeneic HSCT patients who 

developed extensive chronic GvHD (Fujii, Cuvelier et al. 2008). However, blood-derived 

biomarkers may not exclusively reflect local disease activity in the organ of interest (Schultz, 

Miklos et al. 2006) highlighting the need for information on cytokine levels in the local tissue 

or fluid of relevance. Few studies have investigated locally-derived biomarkers for the 

diagnosis and grading of chronic GvHD in different tissues and organs. Tear cytokine profile 

has been shown to reflect both the presence of chronic GvHD and the severity of ocular 

symptoms with IL-10, IL-6 and TNF-α showing strong correlation with the diagnostic 

parameters of ocular chronic GvHD (Jung, Han et al. 2015). Increased expression of IFN-γ 
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has been demonstrated in skin biopsy specimens from patients with cutaneous chronic GvHD 

compared to transplant patients without cutaneous GvHD, suggesting a potential role as 

mediator of local tissue injury (Ochs, Blazar et al. 1996). In relation to oral chronic GvHD, 

significantly less research has been conducted into the identification of potential biomarkers 

present in oral secretions, such as saliva, or oral mucosal biopsy, to diagnose the presence and 

extent of oral chronic GvHD.  

1.3.4 Cytokines in Oral Chronic Graft-versus-Host Disease 

It is now apparent that blood-derived biomarkers may not exclusively reflect local disease 

activity in the organ of interest (Schultz, Miklos et al. 2006). Ongoing research is focused on 

locally derived biomarkers for oral chronic GvHD, namely, the application of oral secretions 

like saliva or tissue biopsy, to reflect disease presence and activity in the local area.  

Although expanding, the current literature specific to locally measured biomarkers in oral 

chronic GvHD is sparse. Fall-Dickson et al found a statistically significant increase in 

salivary IL-1α and IL-6 in patients with clinical features of oral chronic GvHD compared to 

healthy volunteers; IL-6 showing a positive association with erythema and ulceration (Fall-

Dickson, Mitchell et al. 2010). Hayashida et al reported increased mRNA expression of Th1 

cytokines such as IL-2 and IFN-γ in the buccal mucosal tissue and labial salivary glands of 

oral chronic GvHD affected tissue, not duplicated when PBMC were analysed from the same 

patients suggesting a local production of the analysed cytokines (Hayashida, Nakamura et al. 

2013). Imanguli et al demonstrated increased expression of IL-15 and IFN within the 

infiltrating cells and keratinocytes of affected oral mucosal tissue in chronic GvHD (Imanguli, 

Swaim et al. 2009). 

Further knowledge may be gleaned from other, more common immune-mediated conditions 

which resemble features of the oral chronic GvHD disease spectrum, with data on these 

conditions potentially identifying biomarkers of interest for oral chronic GvHD. Sjögren 

syndrome closely approximates, both clinically and histologically, oral salivary chronic 

GvHD. When whole saliva was examined elevations in the levels of IL-2 and IL-6 was seen 

in primary S.S patients compared to controls (Streckfus, Bigler et al. 2001). This was 

confirmed by Tishler et al who demonstrated raised IL-6 in whole unstimulated saliva (WUS) 

in SS patients relative to non-SS sicca patients and controls (Tishler, Yaron et al. 1999). 
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Higher concentrations of IL-7 were reported in the saliva of SS patients relative to non-SS 

associated sicca patients (Bikker, van Woerkom et al. 2010).  

More extensive research has taken place for OLP, a condition often likened to oral mucosal 

chronic GvHD. Findings have shown significantly raised levels of IL-6 in oral exfoliated 

cells, mouth rinse samples and whole unstimulated saliva (Gu, Martin et al. 2004, Rhodus, 

Cheng et al. 2005, Zhang, Lin et al. 2008). Zhang et al analysed the whole unstimulated saliva 

supernatant in thirty patients with biopsy proven OLP with IL-8, IL-6 and TNF-α elevated in 

both reticular and erosive OLP forms when compared to healthy controls (Zhang, Lin et al. 

2008). Similar findings were reported by Gu et al who examined buccal exfoliated cells from 

twenty OLP patients using cytological smears from lesional sites suspended in sterile 

phosphate buffered saline (PBS). Elevated IL-6 was found in ulcerative OLP patients when 

compared to both reticular OLP and healthy controls (Gu, Martin et al. 2004). Oral rinse 

samples, WUS and tissue transudates were examined by Rhodus et al with elevated levels of 

IL-8, IL-6 and TNF-α shown in all oral fluid types when compared to controls (Rhodus, 

Cheng et al. 2005). Although preliminary, this data suggests that it may be possible to identify 

biomarkers in oral fluid or tissue samples of allogeneic HSCT recipients that may be used as 

the basis for a simple, non-invasive test for the diagnosis, management and monitoring of oral 

chronic GvHD. Identification of biomarkers of interest within the saliva of allogeneic 

transplant recipients is an ongoing field of research with several candidates of interest 

currently being explored.  
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1.4 Saliva as a diagnostic fluid 

Genomic DNA for genetic analyses has traditionally been derived from blood samples. 

Peripheral blood has been traditionally favoured due to its ability to provide a high yield of 

DNA/RNA, which is typically free of nonhuman DNA. However, venipuncture is often a 

deterrent to patients, requires a trained phlebotomist and DNA degrades rapidly without 

refrigeration (Quinque, Kittler et al. 2006).  With the availability of newer polymerase chain 

reaction (PCR) techniques requiring only minute amounts of DNA a less invasive and simpler 

method to obtain DNA or RNA is preferred (Lum and Marchand 1998). Saliva, a complex 

fluid containing a diverse range of enzymes, hormones, antibodies, antimicrobial components 

and cytokines, provides an alternate, non-invasive route for the isolation and amplification of 

DNA or RNA isolates in the evolving field of biomarkers for local (oral) and systemic health.  

An essential consideration when utilising saliva for downstream expression applications is 

which oral fluid is the most appropriate for use; whole saliva or the cell free portion of saliva. 

DNA and RNA within whole saliva are likely to represent both local cellular and microbial 

origins, potentially masking or diluting the disease-specific DNA/RNA of interest (Wong 

2008). Whole saliva is a complex biological fluid, primarily, but not exclusively, comprised 

of saliva excreted from the three major salivary glands and the numerous minor salivary 

glands scattered throughout the oral cavity. Remaining, non-exocrine, components can be 

divided into host-derived features such as gingival crevicular fluid (GCF), sloughed oral 

epithelial cells, intact or fragments of blood cells, nasopharyngeal discharge and fluid 

potentially entering the oral cavity via oral mucosal seepage. Non-host derived constituents 

include food debris along with microorganisms and their products (Wong 2008). Blood 

plasma proteins are also found in saliva, they are thought to arise from both active and passive 

cellular diffusion, extracellular filtration and via the gingival crevice (Spielmann and Wong 

2011).  

1.4.1 Saliva collection 

Accuracy in the measurement and analysis of salivary composition and flow rate is essential 

in any diagnostic protocol utilising saliva. Several limitations with saliva collection have been 

identified which may influence the exactness of sample collection. Sample evaporation and 

fluid retention within the collecting device may influence the volume of whole saliva 

measured. Secretion rates are known to vary in accordance with diurnal rhythm.  Other 
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confounding factors include hydration level, emotional state, numerous medications and 

temperature. These features and others highlight the need for standardised conditions when 

using saliva as a diagnostic tool. Ideal conditions when collecting whole and glandular saliva 

are suggested by Wong et al (Table 1.13). 

Table 1.13. Standardised collection of whole and glandular saliva (Wong 2008) 

• Samples should be collected at the same time of day, preferably between 9:00 
and 11:00am 

• Subjects should refrain from eating and drinking for 90 minutes prior 

• Xerogenic medication should be ceased if safe and feasible with reference to 
pharmacological half-life  

• Prior to collection subjects should rinse their mouth with deionised water to 
void the mouth of saliva 

General principles in the collection of saliva as a diagnostic sample have been well 

established. Non-human contaminating DNA and RNA is a recognised potential confounder 

when measuring oral DNA and RNA quantity. Median contamination may vary according to 

the relative amounts of cell constituents in saliva such as viruses, fungi, bacteria and food 

debris. Median bacterial DNA in mouthwash samples has been reported as high as 49.5% by 

Garcia-Closas but only 11.5% with cytological brush samples (Garcia-Closas, Egan et al. 

2001).  To minimise the impact of contaminate DNA/RNA, participants are asked to refrain 

from eating and drinking for one hour prior to sample collection. Samples are also collected 

into ice-cooled vials to slow down the activity of hydrolytic enzymes and frozen immediately 

to avoid bacterial growth (Rogers, Cole et al. 2007) (Wong 2008).  

As a diagnostic sample whole saliva is often favoured as it is both simple and non-invasive to 

collect. The collection of individual glandular secretions often requires specialised equipment 

such as Carslon-Crittenden cups (parotid gland) or slow-speed suction (sublingual and 

submandibular glands). Whole saliva collected can be measured during stimulation or at rest. 

Saliva collected during masticatory stimulation, such as with paraffin wax, has been 

postulated to be of benefit when the biomarker to be studied originates from serum or where 

the biomarker is expected to enter the oral fluid via minute wounds in the mucosa. However, 

stimulated salivary secretion, via both mechanical and gustatory mechanisms, trigger 

increased secretion from the parotid glands leading to a more watery secretion which is rich in 

bicarbonate (Wong 2008). As such, stimulated saliva has been postulated to cause a dilution 
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of salivary analytes this, combined with the relative simplicity of collecting whole 

unstimulated saliva (WUS), means WUS is generally utilised for salivary biomarker analysis 

in systemic disease. 

1.4.2 Recovery of salivary DNA and RNA for downstream applications  

Various methods for example the use of a buccal swab, oral rinse and WUS have been used in 

the recovery of DNA from the oral cavity and the comparison of the quality and quantity of 

DNA recovered. Blood and whole saliva have been shown to be excellent sources of DNA 

(van Schie and Wilson 1997, Etter, Neidhart et al. 2005, Hansen, Simonsen et al. 2007, 

Rogers, Cole et al. 2007). DNA amplification via PCR is routinely practiced on blood 

samples with high success rates shown using whole saliva samples (84%) relative to only 

23% of DNA obtained from mouth swabs (Hansen, Simonsen et al. 2007). Similar findings 

were reported by Rodgers et al who found a significantly greater DNA yield in whole saliva, 

with three times the yield in an oral rinse and more than twelve times the median yield for 

cytological brush techniques (Rogers, Cole et al. 2007). However, selection of the most 

appropriate oral sample must take into account the disease of interest. Specifically, when 

ulceration or erosions are expected or, when significant salivary hypofunction is likely, such 

as seen in oral chronic GvHD, the use of whole saliva may not be feasible; a significant 

proportion of patients likely to be unable to produce sufficient quantities of saliva for analysis 

due to pain or a reduction in quantity. 

Disparate conclusions have been reported with the use of an oral rinse to collect exfoliated 

cells. Numerous studies have shown that mouthwash samples yield higher amounts of high-

quality DNA relative to cytological brush and swab samples but this is not universally 

accepted (Garcia-Closas, Egan et al. 2001, Rogers, Cole et al. 2007). The medium used for 

oral rinsing has been shown to impact on the quality and quantity of DNA isolation, alcohol-

containing mouthwashes generally demonstrating high quality DNA isolation but their use 

may lead to a reduction in patient acceptance due to taste and burning sensation (Garcia-

Closas, Egan et al. 2001, Rogers, Cole et al. 2007). Saline would be the ideal medium for oral 

rinse collection in oral conditions commonly presenting with oral ulceration or erosion due to 

the commonly associated oral symptoms of severe oral sensitivity, dryness and pain. However 

questionable results with DNA isolation have been reported with lower DNA yield and 

stability relative to the alcohol-containing mouthwashes tested (Heath, Morken et al. 2001).  
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RNA extracted from saliva has been used successfully in gene expression profiles for cancer 

and in genetic studies (Punnoose, Atwal et al. 2010, Tiwari 2011). However, unlike DNA, 

RNA is often associated with a lower yield and higher degradation via RNases and other 

nucleases present in saliva. Several commercial kits have been released for reliable extraction 

and stabilisation of RNA from saliva but these can be costly (Debey-Pascher, Eggle et al. 

2009). Some of the current saliva specific reagents used in the literature include 

RNAprotect® and RNAlater® (Qiagen, Inc. Germany), OraGene RNA reagent and collecting 

devices (DNA Genotek, Canada) and RNAStable® (Biomatrica, USA).  

1.4.3 RNA extraction from oral fluids 

RNA, extracted from oral fluids, is thought to arise from salivary secretions, gingival 

crevicular fluid and desquamated oral epithelial cells. In salivary secretions likely sources are 

acinar cells or via the circulation (Aps and Martens 2005, Park, Li et al. 2006). When oral 

rinse samples are utilised for downstream application utilisation of both the supernatant and 

cellular phase is possible, although the supernatant seems by far the most commonly used. 

Reasons given include minimisation of the impact of microorganisms, oral epithelial cells and 

foreign substances which are known to be present in whole saliva (Li, Zhou et al. 2004). It is 

also postulated that RNA integrity may be reduced in the cellular phase of saliva with the 

degradation of oral epithelial cells probably initiated prior to epithelial turnover and 

exfoliation (Klaassen, Copper et al. 1998). 

The supernatant from unstimulated whole saliva has been shown to be a consistent source of 

human mRNA and of suitable quality for downstream applications (Li, St John et al. 2004, 

Lee, Zhou et al. 2011). A recent publication also compared the RNA yield from supernatant 

and cell pellet of WUS and showed high quality and yield from both sources using the 

QIAzol lysis reagent, a phenol based lysis agent for standard tissue use (Qiagen) (Pandit, 

Cooper-White et al. 2013). There is little literature pertaining to the use of RNA in oral fluids 

or tissue specific to oral chronic GvHD.  Some research has been done on other, more 

common oral immune-mediated conditions which share similarities with oral chronic GvHD, 

the majority utilised oral mucosal tissue for RNA extraction.  

Significantly increased expression of IL-7 on numerous cell types was shown in the labial 

salivary gland tissue (LSG) of fifteen patients with Sjögren’s syndrome, a condition likened 

to salivary chronic GvHD, relative to fifteen  patients with non-SS associated sicca 
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symptoms. Further, raised levels of IL-7 were also seen in the saliva of SS patients relative to 

non-SS associated sicca patients, this was not replicated in serum (Bikker, van Woerkom et 

al. 2010). The authors concluding that an increased expression of IL-7 is present in the LSGs 

of SS patients which correlated with the levels of IL-7 measured the saliva and with disease 

parameters such as lymphocytic focus score. Ichimura et al examined gingival tissue samples 

from patients with biopsy proven OLP and healthy controls, frozen tissue was used for total 

RNA extraction and RT-PCR extraction with increased expression of TNF-α and IFN-γ seen 

in the epithelial cell population of OLP patients. The authors concluding that the epithelial 

cells of OLP are capable of producing both TNF-α and IFN-γ (Ichimura, Otake et al. 2005). 

Specific to oral chronic GvHD both oral mucosal and salivary tissue damage has been shown 

to be associated with changes in the gene expression of various pro-inflammatory cytokines 

within the affected tissue. Hayashida et al examined oral buccal mucosal tissue and LSG 

tissue from 16 patients with oral chronic GvHD and 10 healthy controls, total RNA was 

extracted for RT-PCR application. The authors reporting increased mRNA expression of Th1 

cytokines including IL-2 and IFN-γ and Th2 cytokines IL-4 and IL-5 in the buccal mucosa of 

chronic GvHD patients when compared to controls. Similar findings were reported in the 

LSGs of chronic GvHD patients for IL-2, IFN-γ and IL-5. The rate of expression of Th2 

cytokines IL-4 and IL-5 showed a strong correlation with the degree of lymphocytic 

infiltration in the tested tissue, furthermore, the degree of lymphocytic infiltration was 

significantly associated with the presence of significant tissue damage, defined as the clinical 

presence of erosive mucosal lesions (Hayashida, Nakamura et al. 2013). These findings were 

not duplicated when PBMC were analysed from the same patients suggesting a local 

production of the analysed cytokines (Hayashida, Nakamura et al. 2013). The authors 

postulated that local production of Th1 cytokines may be primarily involved in disease 

initiation and Th2 cytokines in the progression of oral chronic GvHD.  

Imanguli et al examined fresh frozen oral mucosal tissue from 37 patients with oral chronic 

GvHD compared to 6 patients with non-oral chronic GvHD, total RNA was extracted and RT-

PCR demonstrated increased expression of IL-15 and t-bet within affected tissues. IL-15, a 

critical cytokine in the generation, proliferation and maintenance of effector memory CD8 

and CD4 cells has been implicated in several inflammatory autoimmune conditions 

(Waldmann 2004); expression was confirmed on keratinocytes, endothelial and infiltrating 

cells within the oral mucosal tissue of chronic GvHD unlike the tissue from patients with non-
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oral chronic GvHD. Infiltrating effector-memory T cells were shown to express T-bet, a 

transcription factor marking type 1 cytokine polarisation (Imanguli, Swaim et al. 2009) the 

authors postulating that the local production of IL-15, along with other chemokines, direct 

and sustain T-cell polarisation toward the Th1 phenotype in chronic GvHD.  

The available literature on oral chronic GvHD and other oral immune-mediated conditions 

show that reliable quantities of RNA are able to be extracted from oral tissue and fluids which 

are suitable for downstream application. 
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1.5 Overall hypotheses and aims of the study 

Overall hypothesis: 

That the concentration of particular chronic inflammatory cytokines are raised in the saliva of 

patients with oral chronic GvHD and that local production is reflected in the gene expression 

within the associated cellular component of saliva.  

Hence the primary goal was to investigate the measured concentration of chronic 

inflammatory cytokines in oral rinse samples of patients with current oral chronic GvHD and 

compare these with levels measured in patients with non-oral chronic GvHD and patients 

without any chronic GvHD. Thus, a set of specific hypotheses was addressed in this study. 

Specific hypotheses: 

1. That patients with oral chronic GvHD have a unique salivary cytokine profile when 

compared to other common oral conditions 

2. That patients with oral chronic GvHD report higher scores on mouth specific symptom 

scales than patients without oral disease 

 3. Patients with current oral chronic GvHD will exhibit a distinct inflammatory cytokine 

profile in their saliva and that this can be distinguished from that seen in HSCT recipients 

with ‘non-oral’ chronic GvHD and those without any form of GvHD 

4. A unique cytokine profile is present pre-transplant in the saliva of patients who go on to 

develop oral chronic GvHD 

5. The concentration of interleukin-6 in saliva is associated with the clinical presence of oral 

ulceration and erythema 

6. That RNA is present and measurable in the cellular phase of oral rinse samples 

7. That increased IL-6 concentration in saliva corresponds to increased gene expression 

within the cellular phase of saliva 
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Therefore, the specific aims were: 

To identify the concentration of a panel of chronic inflammatory cytokines in mouth rinse 

samples of patients with current oral chronic GvHD and to compare these to those measured 

in patients with other oral chronic inflammatory conditions 

1. To show the symptoms of oral chronic GvHD are accurately reflected in mouth specific 

questionnaires 

2. To identify if oral chronic GvHD status affects the measurable concentration of chronic 

inflammatory cytokines in saliva 

3. To identify if, pre-transplantation, there are any differences in the concentrations of chronic 

inflammatory cytokines in the saliva of patients who subsequently develop oral chronic 

GvHD 

4. To identify if the concentration of interleukin-6 in mouth rinse samples of oral chronic 

GvHD patients is associated with the presence of oral ulceration and erythema 

5. To confirm that the cellular phase of saliva (cell pellet) can be successfully used for RNA 

extraction and provide sufficient quantity and quality of RNA for downstream applications 

6. To assess the correlation between salivary IL-6 cytokine concentration in patients suffering 

from oral chronic GvHD and the gene expression of IL-6 in the associated salivary cell pellet 
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Chapter 2:  GENERAL METHODS 
2.1 Pilot study: Oral GvHD; comparison with common mucosal 

conditions 

A stand alone pilot study comprised of 26 patients- eleven patients with established oral 

chronic-graft-versus host disease and a further 5 patients within each of remaining sub-groups 

of oral lichen planus, Sjögren syndrome and controls were recruited. Oral chronic GvHD 

patients were sequentially recruited from the Royal Melbourne Hospital and Alfred Hospital 

BMTUs as they presented for routine follow up post transplant. Only those who satisfied the 

diagnostic features highlighted in the NIH consensus document (Filipovich, Weisdorf et al. 

2005) were approached. Patients within the remaining disease groups were recruited from the 

Oral Medicine Clinic at the Royal Dental Hospital of Melbourne. Patients were excluded 

from participation if they were current smokers, had active periodontal disease or dental 

infection or were under 18 years of age.  

Oral lichen planus subjects were required to have symptomatic features of OLP which had 

been previously confirmed on histology according to the established diagnostic criteria 

(Krutchkoff and Eisenberg 1985). Sjögren syndrome patients were required to fit the 

diagnostic criteria established by the American College of Rheumatology (Shiboski, Shiboski 

et al. 2012). Healthy controls were those being seen in the department for temporomandibular 

joint disorder (TMD).  

Subjects were seen once for examination and sample collection. Oral examination and 

salivary sample collection were carried out as described in detail in Section 2.2.7 and 2.2.8.  

Patients were asked to complete three numerical visual analogue scales (VAS) recording 

patient perceived severity of oral pain, sensitivity and dryness as described by the NIH 

response criteria report (Pavletic, Martin et al. 2006) (outlined in section 2.2.6.1). 
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2.2 Main study: Oral GvHD in HSCT recipients over a 9 month period  
2.2.1 Recruitment 

All patients attending the Alfred Hospital and Royal Melbourne Hospital BMTU, who were 

about to undergo allogeneic HSCT, were sequentially approached to participate. Patients were 

excluded if this was not their first allogeneic HSCT or if they were below the age of 18.  

Subjects were recruited over a 6-month period from June 2013 to December 2013. 

2.2.2 Study structure and time points 

Study participants were examined 1-2 weeks prior to admission and the commencement of 

conditioning therapy; this was taken as the baseline time point (time point 1). All consenting 

participants re-presented for examination and sample collection over a 9 month period after 

HSCT.  Time points after HSCT were at 3, 6 and 9 months when possible. Participants who 

went on to develop oral chronic GvHD had additional samples collected at the onset of oral 

chronic GvHD (Figure 2.1). 

During the study period patients were assigned to one of three groups dependent on their 

chronic GvHD experience post transplantation; specifically those who developed oral GvHD, 

non-oral GvHD group and controls. Participants who did not develop any chronic GvHD 

during the study period made up the control group. The presence of, or a past diagnosis of 

GvHD, was made by the treating bone marrow transplant physician and was obtained from 

either the treating physician or the patient’s medical records. The diagnosis of oral chronic 

GvHD was made by the researcher according to the NIH consensus document on the staging 

and diagnosis of GvHD (Filipovich, Weisdorf et al. 2005). 

2.2.3 Exclusion criteria 

Inclusive and exclusion criteria are expanded in Table 2.1. Throughout the post HSCT period, 

patients who relapsed or went on to required donor lymphocyte infusion (DLI) were excluded 

from ongoing participation. Salivary samples from subjects who had active oral-dental 

infection within the study period were also excluded.  



   68 

Table 2.1 Inclusion and exclusion criteria for main study: oral chronic GvHD over a 9 month period 

 Inclusion Exclusion  

Patient features >18 years Smoker 

  Medical/cognition impairment 

Oral/Dental features  Periodontal disease 

  Active dental infection 

  
Current mucosal ulceration/pathology 
not associated with oral chronic 
GvHD e.g. HSV% reactivation 

HSCT features Allogeneic HSCT# Relapsed  

 First allogeneic HSCT#  Required DLI 
# HSCT - hematopoietic stem cell transplantation 
$ DLI- donor lymphocyte infusion 
% HSV: herpes simplex virus 

 

2.2.4 Ethical approval  

Ethical approval was obtained for the duration of the study across three participating sites: the 

Royal Melbourne Hospital (Melbourne Health HREC, approval number 2011.090), the Alfred 

Hospital (Alfred Hospital Ethics Committee, approval number 113/12) and the Royal Dental 

Hospital of Melbourne (Dental Health Services Victoria HREC, approval number 283). 

Informed consent was obtained utilising the patient information and consent form (PICF) 

approved by each local HREC. 
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2.2.5 Outline of method 

At each designated study time point (Figure 2.1) oral examination included screening of the 

oral and peri-oral tissues for oral chronic GvHD using the Schubert Oral Mucositis Rating 

Scale (OMRS) and diagrammatically identifying the oral tissues involved (Section 2.2.7.1). 

Periodontal health was assessed via the Community Periodontal Index of Treatment Needs 

(CPITN) scoring (2.2.7.2). Questionnaires completed at each time point are expanded in 

Section 2.2.6 and included numerical VAS for oral pain, dryness and sensitivity, the 

Xerostomia Inventory and Oral Health Impact Profile. Karnofsky Performance Scale was 

completed by the researcher as an indication of overall performance status.  

Samples collected are expanded in Sections 2.2.8-2.2.10 below but included a 10ml saline 

mouth rinse collected by the researcher. Patients had blood drawn by a phlebotomist 

including 10ml of serum and 10ml of whole blood with EDTA anticoagulant.  

Figure 2.1: Study participant timeline of examination and sample collection 

 

All Adults 
planned for 

HSCT  

RMH 

Alfred 

Pre-HSCT 
Exam & 
Samples 

Day 100 
Exam & 
Samples 

6 month 
Exam & 
Samples 

9 month 
Exam & 
Samples 

Diagnosis 
of Oral 
cGvHD 

Exam & 
Samples at 
Oral onset 

Exam & Samples 
at Oral Resolution 

At each visit  

1. Oral examination 

2. Samples:  

    10ml saline oral rinse 

    10ml serum tube 

    10ml whole blood (EDTA)  

3. Questionnaires:  

    VAS oral pain, dryness and sensitivity 

    Xerostomia Inventory 

    Oral health impact profile 



   70 

2.2.6 Questionnaires 

2.2.6.1 Numerical Visual Analogue scale 

A 10cm numerical VAS was used to record patient perceived severity of oral pain, sensitivity 

and dryness as described by the NIH response criteria report (Pavletic, Martin et al. 2006). 

Subjects were asked to rate each symptom, over the last 7 days, where 0 represented “none 

present” and 10 “as bad as you can imagine”. Mouth pain was defined as the presence of pain 

in the absence stimulation (Pavletic, Martin et al. 2006). Several studies have demonstrated a 

high test-retest reliability for the measurement of pain intensity via VAS in other oral disease 

conditions (Escudier, Ahmed et al. 2007) (Chainani-Wu, Silverman et al. 2008).  

Sensitivity was defined as irritation resulting from normally tolerated spices and flavours. 

Oral dryness, defined as the subjective reduction in mouth wetness. Visual analogue scales for 

oral pain, sensitivity and dryness were incorporated into the approved Oral Examination Form 

(Appendix A) for the assessment of each subject’s subjective oral complaints. Questionnaires 

were completed at the onset of the study and repeated at each time point there after. 

2.2.6.2 Xerostomia Inventory 

Xerostomia, the subjective perception of oral dryness is, unlike the assessment of salivary 

hypofunction, difficult to clinically assess and monitor. As of yet, there is no universally 

accepted tool to measure xerostomia. A single-item approach, often a question related to the 

degree of dryness perceived, is often employed by researchers. However, interpretation of a 

single question may differ amongst responders and may not reflect the truly multidimensional 

experience of xerostomia.  

The subjective sensation of dry mouth incorporates a wide constellation of symptoms which 

together form the xerostomia experience (Thomson, Chalmers et al. 1998). A specialised and 

validated questionnaire, the Xerostomia Inventory (XI), was employed to record and quantify 

the symptoms associated with xerostomia (Thomson, Chalmers et al. 1998) (Thomson and 

Williams 2000) (Appendix B). The XI consists of 11 questions describing the range of 

possible symptoms associated with xerostomia. Subjects were instructed to circle one of six 

possible responses which best described the frequency of each descriptor over the preceding 2 

week period: never, hardly ever, occasionally, fairly often, very often and don’t know. Each 

response was then allocated a defined numerical value; “never” scored one through to “very 
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often” scoring the maximum five. A difference of six points has been shown to be the 

minimum difference needed to reflect a clinically meaningful worsening of xerostomia 

(Thomson 2007).  

2.2.6.3 Oral Health Impact Profile 

The effects of both cGvHD and its treatment on the physical health and QoL of HSCT 

recipients can be extensive (Socie, Stone et al. 1999) however utilising QoL, as a measure of 

response or as a predictor of outcome, can be imprecise. NIH Consensus publications 

proposed the use of The Functional Assessment of Chronic Illness Therapy with additional 

18-item disease-specific module as an oncology-specific quality-of-life instrument (FACT-

BMT) combined with The Medical Outcomes Study Short Form 36-item Questionnaire 

version 2 (SF-36) (McQuellon, Russell et al. 1997, Ware 2000). As oral complications of 

transplant were the specific focus of this study a QoL tool which focused on the impact of 

oral disorders on well-being was deemed more appropriate hence an oral-health related QoL 

instrument was selected (OHIP-14) (Appendix C) (Locker 1988).  

The Oral Health Impact Profile (OHIP) has been reported to be the most sophisticated 

measure of oral health (Locker 1998) with established reliability and validity (Slade and 

Spencer 1994). OHIP measures a subject’s perception of the social impact that a specific oral 

disorder has on overall wellbeing (Slade 1997). More recently a condensed OHIP, the OHIP-

14, was validated where the original 49-item questionnaire was condensed to 14 questions. 

These questions capture the seven dimensions of oral health formulated by Locker (Locker 

1988) including functional limitation, physical pain, psychological discomfort, physical 

disability, psychological disability, social disability and handicap. This shortened version, 

OHIP-14, was used as the oral health-related QoL questionnaire for this study. Subjects were 

instructed to circle one of five possible responses which best described the frequency of each 

descriptor over the preceding 2 week period: never, hardly ever, occasionally, fairly often and 

very often. Each response allocated a numerical value where “never” is scored zero through to 

“very often” scoring the maximum four.  

Further to the oral specific quality of life measure the Karnofsky Performance Scale (KPS) 

(Karnofsky, Abelmann et al. 1948) was completed by the researcher at each study visit as a 

measure of overall performance status and ability to perform activities of daily living. A 

single score, ranging from 10, defined as moribund; fatal processes progressing rapidly, to 
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100, defined as normal with no complaints or evidence of disease, was allocated by the 

researcher where decreasing scores represented a reduced performance status.  

2.2.7 Oral Examination 

Transplant Data Collection and Oral Examination Forms (Appendix D) were used to record 

pertinent transplant related information such as intensity of conditioning, use of TBI plus the 

presence of active oral-dental disease.  Examination included a visual assessment of the oral 

and peri-oral tissues. Location and extent of oral mucosal pathology was recorded 

diagrammatically on a schematic of the oral cavity; each feature scored mild, moderate or 

severe utilising the newly proposed modification of the Schubert Oral Mucositis Rating Scale 

(OMRS) (Figure 2.2) (Pavletic, Martin et al. 2006) as described in section 2.2.7.1. Periodontal 

assessment was carried out via WHO periodontal probe and CPITN scoring (section 2.2.7.2). 

2.2.7.1 Schubert Oral Mucositis Rating Scale 

The clinical diagnosis of oral chronic GvHD followed published NIH consensus development 

project criteria for diagnosis and staging of chronic GvHD in clinical trials (Filipovich, 

Weisdorf et al. 2005). The location and extent of any features of oral chronic GvHD were 

recorded diagrammatically on a schematic of the oral cavity; each feature was scored mild, 

moderate or severe utilising the newly proposed modification of the OMRS (Figure 2.2.) 

(Pavletic, Martin et al. 2006). Features of chronic oral GvHD assessed included (a) erythema, 

scored 0-3, where grading was based on colour intensity and surface area involved; (b) lichen-

type hyperkeratosis, scored 0-3, based on total percentage of oral surface area involved; (c) 

ulceration, scored 0-6, based on percentage of oral surface area affected; and (d) the presence 

of mucoceles, scored 0-3, according to the number of mucoceles present. The final cumulative 

score represented the overall extent of oral chronic GvHD.  

Figure 2.2: Modified Schubert Oral Mucositis Rating Scale (Filipovich, Weisdorf et al. 2005) 
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2.2.7.2 Community Periodontal Index of Treatment Needs 

Periodontal assessment consisted of the Community Periodontal Index of Treatment Needs 

(CPITN) scoring (Cutree, Ainamo et al. 1987) with a world health organisation (WHO) 

periodontal probe. CPITN, primarily a screening tool, defines the presence or absence of 

periodontal disease via assessment of periodontal pockets, calculus and gingival bleeding. All 

teeth were examined; the highest score for each sextant recorded. Each sextant required a 

minimum of 2 teeth present to be scored. Where only 1 tooth was present, this tooth was 

included in the adjoining sextant. Scoring ranged from 0, representing healthy periodontal 

tissues through to 4, reflecting significant periodontal disease.  When examined prior to 

transplantation, subjects who scored 3 or above in any sextant were excluded from 

participation due to the presence of periodontal disease. 

2.2.8 Salivary sample collection 

10ml saline mouth rinse samples were collected from each subject at each study time point.  

Clinical Conditions 

1. Subjects were asked to refrain from eating and drinking for 1 hour prior to examination 

to minimise contamination of the samples 

2. Subjects were allowed to rest for at least 10 minutes prior to sample collection 

3. All samples were collected by the researcher in a standardised manner 

Namely, samples were collected between 9-12pm. Subjects were asked to rub their tongues 

around the inside of their mouth for 15 seconds after which they were given 10 mls of 

deionised water in a de-identified, labelled 50ml falcon tube. Subjects were asked to 

vigorously swish the entire solution for 45 seconds (Heath, Morken et al. 2001). The study 

sample was the fluid expectorated. Samples were stored on ice. 

Mouth rinse samples were processed on the day of collection within one hour after collection. 

Samples were centrifuged at 2000 rpm at 4 °C for 5 minutes with acceleration and 

deceleration. The supernatant was removed and stored as 2 1 ml aliquots. Residual 

supernatant was transferred to a second falcon tube and stored at -800C. The salivary cell 

pellet was re-suspended and treated with RNA fixative (TRIzol), the pellet suspension divided 

into 2 1ml aliquots. All aliquots were stored at -800C until batch analysis. 
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2.2.9 Serum sample collection and storage 

An extra tube of serum (10ml serum separator tube) was taken during routine blood collection 

at each study time point by a phlebotomist. Samples were processed within 24 hours of 

collection, centrifuged at 2600 rpm for 10 minutes at room temperature. Serum was removed 

using soft pipette within a sterile hood and aliquoted into 2 1 ml de-identified, labelled 

aliquots. Remaining serum was discarded. Samples were stored at -800C until batch analysis. 

2.2.10 PBMC isolation and storage 

One tube of whole blood was collected for peripheral blood mononuclear cell (PBMC) 

isolation at each study time point. Tubes containing EDTA anticoagulant were used; samples 

processed within 24 hours at room temperature (18-200C). Ficoll separation of mononuclear 

cells was completed according to standard operating procedure. Specifically, whole blood was 

transferred into de-identified, labelled 50ml falcon tubes and diluted to 35 ml with sterile PBS 

then mixed by gentle inversion. Using an aseptic technique 15 ml of Ficoll solution was 

transferred into a second labelled 50 ml falcon tube. A plastic cannula and 20 ml syringe were 

used to draw up the whole blood mixture. The tube containing Ficoll was held at a 45 degree 

angle to allow gradual layering of the whole blood over the Ficoll medium this was then 

centrifuged for 20 minutes at 2000 rpm at room temperature with the brake off.  

The mononuclear cell layer was removed from the Ficoll/plasma interface under a sterile 

hood and transferred into a new labelled 50 ml falcon tube with a final volume of 50 ml made 

up with PBS. After gentle mixing the sample was centrifuged for a further 10 minutes at 1500 

rpm at room temperature with the break on. Supernatant was discarded, cells resuspended in 5 

ml RBC lysis solution and then incubated at 370C for 5 minutes. PBS was added to achieve a 

total volume of 50 ml and gently mixed followed by a final spin at 1500 rpm for 10 minutes at 

room temperature with break on; the supernatant then discarded.  

Finally the mononuclear cell pellet was re-suspended in equal volumes of chilled ‘freeze mix’ 

which consisted of dimethylsulphide (DMSO) and heated fetal calf serum (HIFCS); 500 µl 

was added per tube resulting in a final concentration of HIFCS/10%DMSO with 1 µl per 

cryovial. Vials were immediately transferred into a ‘Mr Frosty’ Freezing Chamber (Thermo 

Scientific™) previously stored at 40C, transferred into a -800C freezer overnight. Each 

cryovial was relocated to a liquid nitrogen storage tank the next day. 
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2.2.11 Cytometric Bead Array analysis of salivary sample 

The BD™ cytometric bead array (CBA) human Th1/Th2/Th17 cytokine kit (Catalogue 

5600484) was used in this experiment. Cytokines included were those commonly associated 

with chronic inflammation namely IL-2, IL-4, IL-6, IL-10, INF-γ, TNF and IL-17A. 

2.2.11.1 Sample preparation and dilution 

Early experimentation of CBA array on healthy control mouth rinse samples demonstrated 

cytokine levels below the reliable level of detection as indicated by the manufacturer. 

Standard sample preparation was modified for the purposes of this study to include a protein 

concentration step. Approximate 10-fold concentration was achieved by addition of filtration 

and concentration step utilising centrifugal filter devices (Amicon Ultra Centrifugal Filters, 

Merck Millipore); achieving detectable cytokine levels.  

Specifically, one aliquot of mouth rinse supernatant for each subject was thawed at room 

temperature. Total thawed supernatant volume was measured and transferred to a 2 ml 

Amicon Ultra Centrifugal Filters (Merck Millipore) labelled with subject unique identifiers; 

volumes ranged from 1.0 ml to 1.5 ml. Centrifugal filters were placed in a balanced 

centrifuge, positioned according to manufactures instructions and spun at 3273 xg for 27 

minutes. Base compartment and contents were discarded, the filter inverted and spun for a 

further 2 minutes at 3273 xg. Final filtered volume was shown to be concentrated by 

approximately 10-fold. Final volume of the retained concentrated sample was recorded and 

ranged from 100 µl to 190 µl.  

2.2.11.2 Preparation of the cytokine standards 

Cytokine standards were reconstituted and serially diluted immediately before mixing with 

capture beads and phycoerythrin (PE) detection reagent. The contents of the human 

Th1/Th2/Th17 cytokine standards vial was transferred to a 15 ml conical, polypropylene tube 

and labelled “Top Standard”. Standards were reconstituted with 2 ml of assay diluent, allowed 

to equilibrate for 15 minutes at room temperature, then gently mixed via pipette. Twelve 75 

mm tubes were labelled and arranged in the following order: 1:2, 1:4, 1:8, 1:16, 1:32, 1:64, 

1:128, and 1:256. 100 µl of assay diluent was pipetted into each of the 12 tubes, serial dilution 

was performed according to kit instructions. Negative control consisted of 300 µl of assay 

diluent alone (0 pg/mL). 
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2.2.11.3 Th1/Th2/Th17 cytokine assay 

Assay wells were labelled and arranged according to kit instructions across 2 x96 well plates. 

This included 10 standards and all samples in duplicate. Total number of assay wells was 

determined for the particular experiment: 2 µl of each of the 7 capture beads was required for 

each assay well, total volume per capture bead was calculated, each bead suspension was 

vortexed for 3 to 5 seconds then total volume added to tube labelled “mixed Capture Beads”. 

Assay diluent added to “mixed Capture Bead” tube to create a final volume, which allowed 30 

µl of final Capture Bead mix per assay well. 

The capture bead mix was vortexed before use. 30µl of the Human Th1/Th2/Th17 Cytokine 

Standard dilutions was added to corresponding control wells, 30µl of the vortexed Capture 

Bead mix was added to each sample well only. 30µl of each unknown sample, in specified 

dilution, and 30 µl of Human Th1/Th2/Th17 PE Detection Reagent was added to each sample 

well. Plates were incubated for 3 hours at room temperature, protected from light. Following 

incubation, 700 µl of Wash Buffer was added to each sample well, plates were centrifuged at 

200 xg for 5 minutes. Gentle vacuum suction was used to remove supernatant; this was then 

discarded. 300 µl of Wash Buffer was added to each assay well to resuspend the bead pellet. 

Data was acquired immediately via flow cytometry using BD FACS Canto II instrument. 

FCAP Array software was used for analysis. 

2.2.12 Isolation of RNA in salivary cell pellet for downstream application 

Sample selection  

Following CBA assay, salivary cell pellets from allogeneic HSTC subjects and the time 

points described in section 2.2.2 were utilised for real-time polymerase chain reaction (RT-

PCR). That is, subjects within 

Group 1: Those which developed oral chronic GvHD (n=6) 

Group 2: Age and sex matched patients with non-oral chronic GvHD (n=6) 

Controls: Age and sex matched patients who did not develop any GvHD (n=6) 

For Groups 1 and 2 cell pellets corresponding to all study time points were analysed. Salivary 

cell pellets associated with baseline and 9 month time points were studied for the control 



   77 

group. All samples were run in triplicate. As described in 2.2.8 all salivary cell pellets had 

been stored in 1 ml of RNA fixative TRIzol at -800 C. 

2.2.12.1 Isolation of total RNA using PureLink®  RNA mini kit 

At the time of bulk analysis all study sample aliquots were thawed at room temperature. 0.2 

mL chloroform was added per 1 mL TRIzol® Reagent. Aliquots were shaken vigorously by 

hand for 15 seconds then incubated at room temperature for 2–3 minutes. Samples were 

centrifuged at 12,000 × g for 15 minutes at 40 C. 400 µL of the colourless, upper phase was 

transferred to a fresh RNase–free tube with an equal volume of 70% ethanol added to obtain a 

final ethanol concentration of 35%. Tubes were vortexed then inverted to disperse any visible 

precipitate that formed after ethanol addition. 700 µL of each sample was transferred to a 

labeled Spin Cartridge and centrifuged at 12,000 × g for 15 seconds at room temperature. 

Flow-through was discarded and the Spin Cartridge reinserted into the same Collection Tube. 

This process repeated until the entire sample was processed.  

700 µL of Wash Buffer I was added to the Spin Cartridge then centrifuged at 12,000 × g for 

15 seconds at room temperature. Flow-through and Collection Tube was discarded. The Spin 

Cartridge was inserted into a new Collection Tube. 500 µL Wash Buffer II was added with 

ethanol to the Spin Cartridge then centrifuged at 12,000 × g for 15 seconds at room 

temperature. Flow-through was discarded with the Spin Cartridge reinserted into the same 

Collection Tube. This was repeated once then centrifuged at 12,000 × g for 1 minute at room 

temperature to dry the membrane. The collection Tube was discarded and Spin Cartridge 

inserted into a Recovery Tube. 35 µL RNase–Free Water was added to the center of the Spin 

Cartridge then incubated at room temperature for 1 minute, centrifuged for 2 minutes at 

12,000 × g at room temperature. Resultant purified RNA used for downstream application. 

2.2.13 One-step Real-time polymerase chain reaction 

TaqMan® RNA-to-CT 
TM 1-Step Kit was used (Life Technologies, catalogue 4392938) 

combined with TaqMan® Gene Expression Assay for IL-6 (Life Technologies, catalogue 

4331182. Assay ID Hs00985639_m1) according to manufacturers instructions. CDKN1A 

TaqMan® Gene Expression Assay was used as a housekeeping gene (Life Technologies, 

catalogue 4331182). The context sequence, namely, the probe binding site was 

TCAGCCCTGAGAAAGGAGACATGTA (as provided by the manufacturer). 
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The volume of components needed, based on the number of reactions, including excess was 

calculated. The total volume for one reaction was taken as 10 µL with component volumes 

being 

• TaqMan® RT-PCR Mix 5.0 µL 

• TaqMan® Gene Expression Assay 0.5 µL 

• TaqMan® RT Enzyme Mix 0.25 µL 

• RNA template and RNase-free water 4.25 µL 

Tubes for the TaqMan® RT-PCR Mix, TaqMan® RT Enzyme Mix, TaqMan® Gene 

Expression Assay, and RNA templates were stored on ice. After all reagents were thawed, 

tubes were gently inverted then returned to ice. Required volumes of reaction components 

were combined in microcentrifuge tubes on ice, inverted to mix, then centrifuged briefly. 

Reactions were pipetted into wells of a MicroAmp® Optical 384-Well Reaction Plate: 10 µL. 

The reaction plate was sealed with optical adhesive film, and then centrifuged briefly at 140 x 

g for 60 seconds. 

The PCR instrument used was the Applied Biosystems ABI PRISM 7900HT Sequence 

Detection System. Samples were run in triplicate and analysis of data was via the SDS 

software. Sample results were disregarded if a comparative threshold was not determined in 

duplicate as a minimum.  

2.2.13.1 Comparative Ct method for relative quantification 

Analysis of qPCR data used the Comparative CT Method (ΔΔCT method) which differs from 

the Relative Standard Curve method by using arithmetic formulas to achieve the result for 

relative quantification. The amount of target gene (IL-6) is normalised to an endogenous 

reference gene (CDKN1A house keeping gene) and expression is then considered as a fold 

change relative to the expression in a calibrator sample. 

Arithmetic Formula: 

2-ΔΔCT 

ΔΔCt = ΔCT (sample) - ΔCT (calibrator), and where 

ΔCT  = CT target gene (IL-6) - CT housekeeping gene (CKDN1A) 
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In the following ΔΔCT calculations the “calibrator sample” value (ΔCT (calibrator)) was 

derived from time point 1 data (baseline) connected with the control patient that most closely 

approximated the mean for all controls (Table 2.2, identifier 14).  

 

Using the ΔΔCt formula stated above the calculation of the calibrator value used for the 

following calculations was as follows: 

ΔCT (calibrator) = Mean CT target gene (IL-6) - CT housekeeping gene (CKDN1A)  

    = 27.87 – 25.29 

    = 2.5

Table 2.2 IL-6 gene expression at Baseline (time point 1) in control samples 

Identifier CT replicates Mean (+/- SD) 

11 30.75 31.45 32.34 31.51 (0.80) 

14* 27.84 27.58 28.19 27.87 (0.31) 

26 26.52 17.85 26.34 23.57 (4.95) 

54 28.47 28.72 28.57 28.58 (0.13) 

23 27.42 25.00 25.08 25.83 (1.38) 

37 n/a # n/a 

 Overall mean 27.47 (3.39) 

# CT replicates not listed for patient 37 as PCR output not obtained for minimum of 2 replicates 
* patient 14 selected as calibrator sample 
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Chapter 3: SALIVARY CYTOKINE PROFILE OF ORAL GVHD & 

OTHER ORAL DISEASES	
3.1 Abstract  

The clinical features of oral chronic GvHD closely resemble other common immune-mediated 

disorders, which affect the oral tissues (Baird and Pavletic 2006).  The diagnostic lichenoid 

striations seen in oral mucosal chronic GvHD may be clinically indistinguishable from 

mucosal changes synonymous with oral lichen planus (OLP).  Furthermore, the clinical and 

histological features of chronic GvHD involving the salivary glands are akin to those seen in 

Sjögren syndrome (SS) (Imanguli, Atkinson et al. 2010). The focus of this study was to 

measure the level of 7 chronic inflammatory cytokines in mouth rinse samples of patients 

with established, active oral chronic GvHD, OLP and Sjögren syndrome and to determine if 

distinctions exist between the disease processes and with healthy controls.  

Analysis of salivary cytokines across disease groups suggested a unique combination of 

cytokines was present in the saliva of oral chronic GvHD patients; namely raised IL-6, IFN- γ 

and TNF combined with a marked absence of IL-4 and IL-2. Most similarities were evident 

between OLP and oral chronic GvHD patients however oral GvHD subjects demonstrated an 

absolute absence of detectable levels of IL-4 and significantly reduced IL-2; in stark contrast 

to OLP subjects where both IL-4 and IL-2 were statistically significantly elevated compared 

to all other groups tested (p<0.01, p=0.004 respectively). Findings support the hypothesis that 

a unique cytokine profile is measurable in the local environment (saliva) of oral chronic 

GvHD patients. No one cytokine was a clear marker for oral chronic GvHD and accurately 

distinguished between all other conditions tested however when changes across the entire 

panel of cytokines were assessed holistically a unique combination of changes was reflective 

of the presence of oral chronic GvHD disease. Although showing promise, verification is 

required in a larger study.  
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3.2 Introduction 

Biomarkers, or biology-based markers, are defined as a metric, that can be objectively 

measured and evaluated as an indicator of a normal biologic or pathogenic process, a 

pharmacologic response to a therapeutic intervention, or a surrogate end-point intended to 

substitute for a clinical relevant end-point (Biomarkers Definitions Working Group 2001). 

They are a critical area of research in chronic GvHD as highlighted by the chronic GvHD 

Biomarker Working Group 2006 NIH Consensus paper (Schultz, Miklos et al. 2006). At this 

time there are no validated biomarkers for chronic GvHD, progress in this field hampered by 

the complex and incompletely understood pathophysiology of chronic GvHD. 

Identification of biomarkers of interest within the saliva of allogeneic transplant recipients 

may allow a non-invasive, simple diagnostic method to predict and monitor local disease 

activity via the cytokine profile expressed. This may allow further research into targeted local 

therapies thus potentially influencing and broadening the management armamentarium of oral 

chronic GvHD by allowing targeted therapy rather than the current approach of broad 

spectrum immunosuppression. The focus of this current study was to analyse a panel of 

chronic inflammatory cytokines in the oral rinses of oral chronic GvHD patients and to 

examine if the findings differed to measured in other, more common oral immune-mediated 

conditions.  

Candidate serum biomarkers of chronic GvHD are currently being explored. Elevated levels 

of IL-6, IL-1β, IL-1α, TNF-α and soluble B cell activating factor (sBAFF) have been shown 

to be associated with chronic GvHD or in autoimmune and chronic inflammatory diseases 

that clinically parallel chronic GvHD (Fall-Dickson, Mitchell et al. 2010). Increased 

transcription of TNF-α and INF-γ in transplant recipient T cells has been shown to predict the 

onset of extensive chronic GvHD (Ritchie, Seconi et al. 2005); sBAFF was elevated in 

paediatric allogeneic HSCT patients who developed extensive chronic GvHD (Fujii, Cuvelier 

et al. 2008). However, blood-derived biomarkers may not exclusively reflect local disease 

activity in the organ of interest (Schultz, Miklos et al. 2006) highlighting the need for 

information on cytokine levels in the local tissue or fluid of relevance.  To date, few studies 

have investigated locally derived biomarkers for oral chronic GvHD, namely, within oral 

secretions such as saliva or tissue biopsy. Fall-Dickson et al found a statistically significant 

increase in salivary IL-1α and IL-6 in subjects with clinical features of oral chronic GvHD 
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compared to healthy volunteers. IL-6 was shown to have a positive association with erythema 

and ulceration (Fall-Dickson, Mitchell et al. 2010). Studies on SS, an autoimmune condition 

with similar clinical and histological features to salivary chronic GvHD, have shown 

significant elevations in whole saliva levels of IL-2 and IL-6 in primary SS patients compared 

to controls (Streckfus, Bigler et al. 2001). This preliminary data shows promise for the 

identification of salivary markers specific for local disease and is the basis of the current 

study on oral chronic GvHD.  

3.3 Hypothesis and Aims of the study  

This study hypothesised that: 

1.  Chronic inflammatory cytokines are detectable in saline mouth rinse samples  

2.  Oral chronic GvHD patients have a unique salivary cytokine profile when compared to 

other common oral conditions 

The aims of the present study were: 

1.  To establish methodology to detect cytokine levels within mouth rinse samples  

2.  To identify the concentration of a panel of chronic inflammatory cytokines in mouth rinse 

samples of subjects with oral chronic GvHD and to identify differences between those seen in 

patients with other oral chronic inflammatory conditions  
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3.4 Methodology 

A total of 26 patients, 11 diagnosed with oral chronic GvHD plus 5 from each disease sub-

groups for comparison (OLP and SS), plus 5 healthy controls were sequentially recruited to 

participate.  Patients with established, symptomatic oral chronic GvHD were recruited from 

Royal Melbourne Hospital and Alfred Hospital bone marrow transplant units (BMTU). The 

diagnosis of oral chronic GvHD was based on the diagnostic features described in the NIH 

consensus document (Filipovich, Weisdorf et al. 2005). The remaining subjects were 

recruited from the Oral Medicine Unit at the RDHM. OLP subjects were required to have 

symptomatic features of OLP previously confirmed on histology based on the modified 

World Health Organisation criteria (Van Der Meij and Van Der Waal 2003). Patients were 

excluded if they had a concurrent diagnosis of systemic lichen planus such as cutaneous or 

genital involvement. Sjögren syndrome patients were required to fit the diagnostic criteria 

established by the American College of Rheumatology (Shiboski, Shiboski et al. 2012).  

Five patients, under review for temporomandibular joint disorder (TMD) within the Oral 

Medicine Unit at the RDHM, served as age- and sex- matched healthy controls. Patients were 

excluded from participation if they were current smokers and had active periodontal disease 

or dental infection; moreover, patients were omitted if any topical oral preparations were 

prescribed in the previous 28 days. The BD™ cytometric bead array (CBA) human 

Th1/Th2/Th17 cytokine kit (Catalogue 5600484) was performed according to manufacturer’s 

instructions as outlined in Methods section 2.2.11. Data were acquired immediately via flow 

cytometery. The BD FACSCanto II instrument was used and FCAP Array software for data 

analysis. 

The study was approved by the Human Research Ethics Committee at each site (Alfred 

Hospital project number 113/12, Royal Melbourne Hospital project number 2011.090 and 

Royal Dental Hospital of Melbourne approval number 283) with all subjects providing 

written informed consent. 
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3.4.1 Statistical methods 

For comparisons between disease groups non-parametric tests were used, Kruskal Wallis test 

for multiple comparisons and Mann-Whitney test for pairwise comparisons when data was 

continuous. Fishers Exact test was used when data was binary with the assay specified level 

of detection (LOD) used as the binary point. Statistical analyses were performed with Minitab 

software version 17; a p-value of less than 0.05 was taken to be statistically significant. 

3.5 Results  
3.5.1 Methodology for detection of inflammatory cytokines in oral rinse samples 

Early experimentation with the CBA assay on healthy control mouth rinse samples 

demonstrated cytokine levels below assay level of detection, low but detectable levels in 

chronic GvHD samples and very high concentrations in OLP samples. Methodology was 

therefore modified for the experimental assay to include a protein concentration step during 

sample preparation. A filtration and concentration step was integrated into standard 

methodology utilising centrifugal filter devices (Amicon Ultra Centrifugal Filters, Merck 

Millipore) directly after aliquots of mouth rinse supernatant were thawed at room temperature 

(Section 2.2.11.1). A higher proportion of detectable cytokine levels were then achieved with 

an approximate 10-fold protein concentration. Due to the comparatively high concentrations 

seen in early analysis of OLP samples methodology was modified and these were diluted with 

assay diluent 1:10, remaining samples were analysed in the concentrated state (oral chronic 

GvHD, SS and healthy controls). 

3.5.2 Concentration of Th1/Th2/Th17 cytokines in all mouth rinse samples 

A panel of 7 chronic inflammatory cytokines were measured in a total of twenty-six samples 

in this experiment (Figure 3.1). Of the seven cytokines measured, 4 were present in 

concentrations above the assay LOD in over 50% of samples. IL-6 the most reliably measured 

with 25 samples (96%) showing levels above the LOD. The mean IL-6 concentration in oral 

rinse samples was 311.9 pg/ml (median 39.9 pg/ml, range 2.4-4741.7 pg/ml). TNF was 

measured above assay LOD in 73% of samples (n=19) with a mean of 26.2 pg/ml (median 

13.7 pg/ml, range 3.8-122.8 pg/ml) followed by IL-2 (n=16, 62%) with a mean of 10.1 pg/ml 

(median 3.9 pg/ml, range 2.6-42.3 pg/ml). In 54% of samples (n=14) IFN- γ was measured 
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above assay LOD the mean concentration 7.5 pg/ml (median 4.0 pg/ml, range 3.7-24.3 

pg/ml).  

The remaining 3 cytokines were measured in less than 50% of all samples. IL-10 recorded in 

46% of samples (n=12), a mean concentration of 12.4 pg/ml (median 4.5 pg/ml, range 4.5-

46.8 pg/ml). Both IL-4 and IL-17A were frequently below assay LOD in oral rinse simples.  

Specifically, IL-4 was only detected in 5 of 26 samples (19%), these all belonging to the OLP 

group. Mean concentration of IL-4 was 10.9 pg/ml (median 4.9 pg/ml, range 4.9-42.2 pg/ml). 

IL-17A was detected in only 4 of the 26 samples (15%) all belonging to the oral chronic 

GvHD group with a mean concentration of 25.9 pg/ml (median 18.9 pg/ml, range 18.9-146.9 

pg/ml). When cytokine concentration was measured as lower than the stated level of detection 

for the CBA assay kit, the lowest limit of detection was used. 

 

Figure 3.1: Cytokine concentration in mouth rinse samples across all groups (n=26) 

* Measurements in pg/ml except for IL-6 represented as ng/ml due to much higher concentrations recovered 

^ Diagrammatically outliers were removed which were > 100 pg/ml or > 100 ng/ml for IL-6. 3 outliers were 

removed; one sample from IL-17A at 146.9 pg/ml, TNF at 122.8 pg/ml and IL-6 at 4741.7 pg/ml 
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3.5.3 Cytokine concentrations detected in individual disease sub-groups 

3.5.3.1 Oral chronic GvHD patients  

Of the 7 chronic inflammatory cytokines analysed both IL-6 and TNF were present at 

concentrations above the assay LOD in all oral chronic GvHD samples. Mean IL-6 

concentration was measured as 253.9 pg/ml (median 136.8 pg/ml, range 32.4-987.8 pg/ml) 

and mean TNF 34.2 pg/ml (median 20.3 pg/ml, range 12.6-122.8 pg/ml) (Figure 3.2). 

Interferon was detected in the majority of oral chronic GvHD samples (n=7, 64%) with mean 

concentration of 6.7 pg/ml (median 4.4 pg/ml, range 3.7-5.6 pg/ml). 

Remaining cytokines were less consistently measureable. Both IL-10 and IL-2 were recorded 

above the assay detection level in 45% of subjects (n=5). Mean IL-10 was 8.4 pg/ml (median 

4.5 pg/ml, range 4.5-6.9 pg/ml) whereas IL-2 showed a mean of 3.2 pg/ml (median 2.6 pg/ml, 

range 2.6-4.2 pg/ml). IL-17 was detected in only 4 of 11 subjects with a mean concentration 

of 35.3 pg/ml (median 18.9, range 18.9-146.9 pg/ml). IL-4 was measured below the assay 

LOD in all samples within the oral chronic GvHD group (<4.9 pg/ml).  

 

Figure 3.2: Cytokine concentration in mouth rinse samples of oral GvHD patients (n=11) 

* Measurements in pg/ml except for IL-6 represented as ng/ml due to much higher concentrations recovered 
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3.5.3.2 Oral lichen planus patients  

Of the 7 chronic inflammatory cytokines investigated five - IL-6, IL-2, IL-4, IFN- γ and IL-10 

- were measured above the assay level of detection in all OLP patients (Figure 3.3). IL-6 

showed a mean concentration of 974.5 pg/ml (median 23.9 pg/ml, range 12.9-4741.7 pg/ml). 

Mean concentration of IL-2 was 37.9 pg/ml (median 38.9 pg/ml, range 33.7-42.3 pg/ml), IL-4 

showed a mean of 36.4 pg/ml (median 35.9 pg/ml, range 28.2-42.2 pg/ml). Interferon was 

also present with a mean of 15.8 pg/ml (median 16.4 pg/ml, range 7.9-24.3 pg/ml), and IL-10 

with a mean of 35.6 pg/ml (median 35.5 pg/ml, range 19.5-46.8 pg/ml).  

Tumour necrosis factor was measured above the assay LOD in 4 of 5 subjects with a mean 

concentration of 30.6 pg/ml (median 27.5 pg/ml, range 3.8-76.9 pg/ml). IL-17A was 

measured below the assay level of detection in all OLP samples. 

 

 

Figure 3.3: Cytokine concentration in mouth rinse samples from OLP patients (n=5) 

* Measurements in pg/ml except for IL-6 represented as ng/ml due to higher concentrations recovered 

^ Diagrammatically outlier removed which was > 100 ng/ml for IL-6; specifically one sample from IL-6 

at 4741.7 pg/ml 
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3.5.3.3 Sjögren syndrome patients 

Only 3 of the 7 cytokines tested were above the assay LOD in the majority of oral rinse 

samples from SS patients, IL-6, TNF and IL-2 (Figure 3.4). Interlukin-6 had a mean 

concentration of 80.7 pg/ml (median 5.9 pg/ml, range 2.4-378.6 pg/ml). Tumour necrosis 

factor was above assay LOD in 4 of 5 SS patients with a mean concentration of 25.9 pg/ml 

(median 8.1 pg/ml, range 3.8-98.9 pg/ml), IL-2 was only detectable in 3 patients; a mean 

concentration was 3.7 pg/ml (median 3.3 pg/ml, range 2.6-5.5 pg/ml). Interferon was 

measurable in only 2 SS subjects with a mean of 4.8 pg/ml (median 3.7 pg/ml, range 3.7-8.7 

pg/ml) and IL-10 in one subject only at a level of 6.0 pg/ml (median 4.5 pg/ml, range 4.5-11.9 

pg/ml). Both IL-4 and IL-17A were below the assay LOD in all SS patients.  

 

 

Figure 3.4: Cytokine concentration in mouth rinse samples of Sjögren syndrome patients (n=5) 

* Measurements in pg/ml except for IL-6 represented as ng/ml due to higher concentrations recovered 
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3.5.3.4 Healthy controls  

Only IL-6 and IL-2 were consistently measured above assay LOD in healthy controls (Figure 

3.5). Interlukin-6 having a mean concentration of 7.9 pg/ml (median 4.6 pg/ml, range 3.9-19.5 

pg/ml) and IL-2, a mean of 3.8 pg/ml (median 4.3 pg/ml, range 2.6-5.3 pg/ml). The remaining 

cytokine panel was largely undetectable in healthy controls with IL-17A, IFN and IL-4 below 

the LOD in all healthy control samples and TNF and IL-10 detected in one control only; TNF 

at a concentration of 4.7 pg/ml (median 3.8 pg/ml, range 3.8-8.3 pg/ml) and IL-10 4.6 pg/ml 

(median 4.5 pg/ml, range 4.5-5.1 pg/ml).  

 

Figure 3.5: Cytokine concentration in mouth rinse samples of healthy controls (n=5) 

* Measurements in pg/ml except for IL-6; represented as ng/ml due to higher concentrations recovered 
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3.5.4 Oral chronic GvHD patients compared to remaining groups 

When comparing cytokines levels in oral chronic GvHD patients to those found in the 

remaining subgroups (Figure 3.6) the mean IL-6 concentration (253.9 pg/ml, +/- 327.4 pg/ml) 

was significantly elevated relative to healthy controls (mean 7.9 pg/ml, +/- 6.6 pg/ml) and SS 

patients (mean 80.7 pg/ml, +/- 166.6 pg/ml ) (p=0.036, p=0.002 respectively) (Table 3.1). No 

significant difference was seen between oral chronic GvHD and OLP patients (p=0.16).  Both 

IFN- γ (6.7 pg/ml, +/- 4.3 pg/ml) and TNF (mean 34.2 pg/ml, +/- 33.2 pg/ml) were also raised 

in oral chronic GvHD patients but this difference was only significant when compared to 

healthy controls (p=0.044, p=0.002 respectively) (mean 3.7 pg/ml, +/- 0) (mean 4.7 pg/ml, +/- 

2.0 pg/ml respectively). There was no significant difference in the levels of the remaining 

cytokine panel when comparing oral GvHD patients to the other disease groups (Table 3.1). 

In respect to OLP patients, IL-4 and IL-2 concentrations were higher in the OLP group 

compared to all other groups tested (p<0.01, p=0.004) (Table 3.1); with IFN, TNF, IL-10 and 

IL-6 also higher in OLP mouth rinse samples but only relative to healthy controls (p=0.008, 

p=0.034, p=0.048, p=0.028). None of the panel of chronic inflammatory cytokines tested 

were significantly elevated in mouth rinse samples of SS patients relative to the other disease 

groups analysed (Table 3.1). 
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Mean 
concentration 
(pg/ml) 

IL-6 is represented as ng/ml with one outlier removed diagrammatically (group 2- 4741.7 pg/ml) 
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Table 3.1: Descriptive comparison of concentration of inflammatory cytokine panel across 4 study groups 

                                                                        Groups 
Cytokine Subjects >LOD Oral chronic GvHD OLP SS Controls p-value 

Number of patients 11 5 5 5  

IL-17A n>18.9 pg/ml (%) 
mean, +/- SD 

4 (36.4) 
35.3 (39.2) 

0 
18.9 (0) 

0 
18.9 (0) 

0 
18.9 (0) 0.135 

IFN n>3.7 pg/ml, (%) 
mean, +/-SD 

7 (63.6) 
6.7 (4.3)* 

5 (100) 
15.8 (6.2)* 

2 (40.0) 
4.8 (2.2) 

0 
3.7 (0) 0.009 

TNF n>3.8 pg/ml, (%) 
mean, +/- SD 

11 (100) 
34.2 (33.2)* 

4 (80.0) 
30.6 (28.5)* 

4 (80.0) 
25.9 (41.0) 

1 (20.0) 
4.7 (2.1) 0.012$ 

IL-10 n>4.5 pg/ml, (%) 
mean, +/-SD 

5 (45.5) 
8.4 (7.4) 

5 (100) 
35.6 (10.3)#* 

1 (20.0) 
6.0 (3.4) 

1 (20.0) 
4.6 (0.3) <0.001 

IL-6 n> 2.4 pg/ml, (%) 
mean, +/-SD 

11 (100) 
253.9 (327.4)#* 

5 (100) 
974.5 (2106.1)* 

4 (80.0) 
80.7 (166.6) 

5 (100) 
7.9 (6.6) 0.004$ 

IL-4 n> 4.9 pg/ml, (%) 
mean, +/-SD 

0 
4.9 (0) 

5 (100) 
36.4 (5.7)^#* 

0 
4.9 (0) 

0 
4.9 (0) <0.001 

IL-2 n> 2.6 pg/ml, (%) 
mean, +/- SD 

5 45.5) 
3.2 (0.7) 

5 (100) 
37.9 (3.4)^#* 

3 (60.0) 
3.7 (1.3) 

3 (60.0) 
3.8 (1.2) 0.320 

LOD: assay limit of detection for particular cytokine 
p-value indicates result from Fisher’s exact test for categorical variables unless otherwise indicated 
$ Kruskal-Wallis test used for comparison of more than 2 groups for continuous variables IL-6 and TNF 
*p < 0.05 for pairwise comparison versus controls 
# p < 0.05 for pairwise comparison versus Sjögren syndrome group 
^ p < 0.05 for pairwise comparison versus oral GvHD group 
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3.5.5 Clinical features and correlation with salivary cytokine levels 

3.5.5.1 Associations between features of oral GvHD and salivary cytokines  

Within the oral chronic GvHD group, of the diagnostic features established by the NIH 

consensus project (Filipovich, Weisdorf et al. 2005), lichenoid change was the most common 

clinical presentation with all patients demonstrating some degree of lichenoid change the 

majority graded moderate to severe (n=7, 63.6%). Some degree of erythema was present in 

most oral chronic GvHD patients (n=8, 72.7%) and when present, the mucosal surface area 

involved was generally classified as mild (n=6, 75%).  Remaining diagnostic features are 

outlined in Table 3.2. 

3.2: Clinical presentation of oral chronic GvHD patients (n=11) 

Diagnostic feature Not present Present: Mild Present: Moderate-Severe 

Number of subjects, % 

Lichenoid change 0 (0) 4 (36.4) 7 (63.6) 

Ulceration 6 (54.6) 0 (0) 5 (45.5) 

Erythema 3 (27.3) 6 (54.6) 2 (18.2) 

Mucoceles  10 (91.0) 1 (9.1) 0 (0) 

 

All oral chronic GvHD patients displayed some degree of lichenoid change therefor it was not 

possible to assess differences between the inflammatory cytokine profile of lichenoid GvHD 

versus atrophic or ulcerative chronic GvHD. Patients with oral chronic GvHD exhibited 

variable degrees of erythema and ulceration, however no significant association was seen 

between the level of any chronic inflammatory cytokine and the presence of erythema or 

ulceration. Only one subject exhibited mucoceles and so further analysis was also not possible 

for this clinical feature.  

Although no significant association was seen between the presence and absence of ulceration 

and the measured level of any cytokine when the severity of ulceration was considered a 

significant association was observed in patients who had severe ulceration, a significantly 

higher level of IL-6 measured in these patients relative to those who had no ulceration 

(p=0.028, Mann-Whitney). A significant difference was not observed between those with 

moderate ulceration in comparison with those with no ulceration or severe ulceration (p=0.15, 
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p=0.24 respectively). No other statistically significant differences were observed with the 

remaining cytokines or when the severity of oral erythema or lichenoid change was 

considered. 

3.5.5.2 Associations between features of OLP and salivary cytokines  

All OLP patients presented with some degree of erythema, the majority mild in severity (n=4, 

80%). Possible associations between cytokine concentrations and the presence of erythema 

was therefore not able to be examined. The majority of OLP patients also presented with 

lichenoid change (n=4, 80%) all of which were mild in severity, no association was observed 

between the presence of lichenoid change and the concentration of any cytokines tested. Oral 

ulceration was only seen in a small proportion of OLP subjects (n=2) and no significant 

association was observed between both the presence of ulceration, its severity, and the 

concentration of salivary cytokines. Mucocoeles were not observed in this cohort of OLP 

patients.  

3.5.6 Symptoms of oral chronic GvHD: association with salivary cytokine levels 

All oral GvHD patients identified some degree of xerostomia at the time of examination with 

a mean VAS dryness score of 5 (median 5.4, range 1-10). All but one subject identified some 

level of mouth pain; mean VAS score 5 (median 5.2, range 0-9) and a degree of mouth 

sensitivity with a mean VAS score of 6 (median 6.3, range 0-10).  

3.5.6.1 Comparison of oral symptoms across the study groups 

The reported level of mouth dryness was seen to vary significantly according to disease group 

but this did not reach statistical significance (Table 3.3) (p=0.057). However, further pairwise 

analysis (Mann Whitney test, 95% confidence) identified a significantly higher level of 

reported oral dryness in oral GvHD patients compared with controls (p=0.023). Sjögren 

syndrome patients, as expected, also described higher levels of oral dryness however this did 

not reach statistical significance (p=0.056 compared to controls). No other significant 

differences were seen between groups. 

In relation to mouth pain, a significant difference was identified between groups (p=0.039). 

Specifically, both oral chronic GvHD and OLP patients recorded significantly higher VAS 

pain scores when compared to healthy controls (p=0.008, p=0.011 respectively). No other 
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significant difference was seen between pain scores with pairwise comparisons, with no 

significant difference between GvHD and OLP patients.  

Mouth sensitivity scores were also significantly different between study groups (p=0.036). 

Again, both oral chronic GvHD and OLP patients reported significantly higher oral sensitivity 

compared to healthy controls (p=0.022, p=0.011). No other significant differences were seen. 

Table 3.3: Comparison of visual analogue scale scores across study groups 

 Oral chronic 
GvHD OLP SS Healthy 

controls p-value$ 

Number of patients 11 5 5 5  
Oral Dryness Score     

       Mean (+/- SD^) 5.36 (2.98)* 3.60 (2.51) 6.40 (3.65) 1.40 (3.13) 0.057 

Mouth Pain Score     

       Mean (+/- SD^) 5.18 (2.68)* 6.40 (2.07)* 3.20 (4.38) 0.60 (0.89) 0.039 

Oral Sensitivity Score      

       Mean (+/- SD^) 6.27 (3.10)* 8.20 (1.30)* 5.00 (4.18) 1.60 (2.51) 0.036 

$ p-value using Kruskal-Wallis test, adjusted for ties between 4 patient groups ^Standard deviation 
* p<0.05 for pairwise comparison versus controls 

 

3.5.6.2 Oral symptom scores and cytokine level across all study groups 

To look for associations between the reported symptom levels and the measured cytokine 

concentrations VAS scores for each patient were categorised as low (scoring 0-5) and high (6-

10). Within the oral chronic GvHD group analyses of IL-4 was not possible as IL-4 was 

measured below the assay LOD in all GvHD subjects. For the remaining cytokines only high 

VAS mouth dryness scores were seen to be significantly associated with cytokine 

concentrations, the level of TNF raised in patients with higher VAS dryness scores (p=0.04, 

Mann Whitney test). No other significant associations were seen with mouth dryness and no 

significant associations were seen for any of the remaining cytokines and pain and sensitivity 

scores.  Across the whole study group (n=26) no significant associations were found between 

measured cytokine level and the recorded VAS for oral dryness, pain or sensitivity.
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3.6 Discussion 

This study focused on the detection of local, specifically salivary, chronic inflammatory 

cytokines in patients suffering from oral chronic GvHD. The clinical and histological features 

of oral mucosal and salivary chronic GvHD are liken to other, more common oral conditions 

such as OLP and SS. This study revealed that the combination of cytokines detected in the 

saliva of oral GvHD patients differed from those detected in OLP, SS and healthy controls. 

Findings support the hypothesis of a unique cytokine profile present in the saliva of oral 

chronic GvHD patients; namely raised IL-6, IFN- γ and TNF combined with a marked 

absence of IL-4 and IL-2. Most similarities were evident between OLP and oral chronic 

GvHD patients however oral GvHD subjects demonstrated an absolute absence of detectable 

levels of IL-4; all samples exhibiting levels below assay level detection in stark contrast to 

OLP where both IL-4 and IL-2 were statistically significantly elevated compared to all other 

groups tested (p<0.01, p=0.004 respectively). These associations merit exploration and 

validation in a larger study and show promise as a panel of local biomarkers which accurately 

reflect the presence of oral chronic GvHD.  

Biomarkers for chronic GvHD are an evolving field of research. Candidate serum biomarkers 

for chronic GvHD are currently being explored with elevated levels of IL-6, IL-1β, IL-1α, 

TNF-α and soluble B cell activating factor (sBAFF) shown to be associated with chronic 

GvHD and other chronic inflammatory processes which clinically parallel chronic GvHD 

(Gu, Martin et al. 2004, Szodoray, Alex et al. 2005, Bazzichi, Rossi et al. 2007). Increased 

transcription of TNF-α and INF-γ in transplant recipient T cells has been shown to predict the 

onset of extensive chronic GvHD (Ritchie, Seconi et al. 2005) and sBAFF has been seen to be 

elevated in paediatric allogeneic HSCT patients who develop extensive chronic GvHD (Fujii, 

Cuvelier et al. 2008). Importantly, blood-derived biomarkers may not exclusively reflect local 

disease activity in the organ of interest (Schultz, Miklos et al. 2006) highlighting the need for 

information on cytokine levels in the local tissue or fluid of relevance.   

To date, few studies have investigated locally derived biomarkers for oral chronic GvHD, 

namely, within oral secretions such as saliva or tissue biopsy. Fall-Dickson et al have reported 

a statistically significant increase in salivary IL-1α and IL-6 in oral chronic GvHD patients 

compared to healthy volunteers, further, IL-6 was shown to have a positive association with 

erythema and ulceration (Fall-Dickson, Mitchell et al. 2010). Similarly, significantly raised 
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levels of IL-6 levels have been identified in oral exfoliated cells, mouth rinse samples and 

whole unstimulated saliva from OLP patients; a condition which closely resembles oral 

GvHD both clinically and histopathologically (Gu, Martin et al. 2004, Rhodus, Cheng et al. 

2005). These findings were replicated in the current study where the concentration of IL-6 

were also significantly elevated relative to healthy controls (p=0.036). These findings were 

expanded in the current study with additional inflammatory cytokines also elevated in the 

saliva of oral GvHD patients including IFN- γ and TNF (p=0.044, p=0.002). However, 

individually the salivary concentrations of IL-6, IFN- γ and TNF did not allow distinction 

from OLP, differences not reaching statistical significance between these two conditions. IL-4 

and IL-2 did reach statistical significance with elevated measured in OLP compared to oral 

chronic GvHD and all other groups tested (p<0.01, p=0.004 respectively). Only when viewed 

holistically could the combination of cytokines measured in saliva accurately discriminate 

between oral chronic GvHD and the remaining conditions assessed, suggesting that not one 

singular cytokine may identify disease presence rather, the patterns expressed within a set 

inflammatory panel. Validation of these findings may present saliva as a non-invasive 

medium to detect disease presence, monitor disease and provide the basis for investigation of 

the utility of specific therapies targeting these key cytokines in the management of oral 

chronic GvHD. 

Our results also demonstrated a highly significant association between salivary levels of IL-6 

and the presence of severe mucosal ulceration occurring in the setting of oral chronic GvHD 

(p=0.028). The mean concentration of IL-6 rose from 109 pg/ml (+/- 47.7) when ulceration 

was not present to 683 (+/- 384) pg/ml when severe ulceration was recorded, similar 

associations reported by others in both oral chronic GvHD and OLP (Gu, Martin et al. 2004, 

Zhang, Lin et al. 2008, Fall-Dickson, Mitchell et al. 2010). It is generally believed that the 

symptoms of oral mucosal chronic GvHD are secondary to the atrophic and erosive 

components of the disease, patients with a purely lichenoid presentation generally 

experiencing little or no pain. The association of IL-6 with the presence ulceration provides 

preliminary support for the basis of IL-6 being further investigated and, eventually, perhaps 

being considered as a potential target for therapy and symptom control.  

Lastly, the results of this study also suggest that specific salivary cytokines may be associated 

not simply with the presence of oral chronic GvHD but also with the associated oral 

symptoms experienced by HSCT recipients. Fall-Dickson et al examined the saliva of 29 oral 



 98 

chronic GvHD patients for correlations between IL-1α and IL-6 with VAS symptom scores, 

raised IL-1α associated with the presence of oral dryness (Fall-Dickson, Mitchell et al. 2010). 

While IL-1α was not evaluated in our study, a significant association was found between the 

reported oral dryness (VAS score) and measured TNF concentrations. Oral chronic GvHD 

patients recording VAS scores greater than 6 (out of a possible 10) showed significantly 

raised TNF levels in their saliva (p=0.04). TNF appears to be of especial interest in Sjögren 

syndrome, significantly higher concentrations demonstrated in the saliva of SS patients when 

compared to both healthy controls and non-SS patients complaining of sicca symptoms 

(Kang, Lee et al. 2011) however the authors did not collect or analyse the potential 

association with patient reported dryness level.  Nonetheless, TNF continues to be a cytokine 

of interest in the xerostomia experience.    

In the current study, the ability to measure cytokines at concentrations above assay LOD 

varied depending on disease group. All cytokines, excluding IL-17A, were measurable at a 

levels above assay LOD in OLP subjects whereas concentrations in oral GvHD subjects 

ranged from 100% (for IL-6 and TNF) to as low as 0%; IL-4 concentrations below assay 

LOD in all samples. Distinctions in cytokine concentrations between disease groups should be 

interpreted with caution in the current study, one potential confounder being systemic 

immunosuppressive therapy. Systemic corticosteroids are a mainstay therapy for chronic 

GvHD; all oral GvHD patients in this study undergoing active therapy with prednisolone 

(range 0.5-1.0 mg/kg/day alone or combined with a second agent) at the time of sample 

collection. This was in contrast to OLP subjects where no current systemic therapy was in 

place. Marked reductions in salivary IFN- γ and TNF have been shown in OLP patients 

treated with both systemic (Ghallab, El-Wakeel et al. 2010) and topical corticosteroid therapy 

(Rhodus, Cheng et al. 2006) when compared to pre treatment levels. Concurrent systemic 

immunosuppressive therapy must be considered as potentially influencing cytokine detection 

in this cohort and should be considered as a potential confounder in a larger study. 

The choice of salivary collection technique may also play a part in measureable cytokine 

concentrations. Whole saliva, measured during stimulation or at rest, is often favoured for 

diagnostic sampling when compared to oral rinsing. Both techniques are relatively simple, 

non-invasive and largely do not require specialist equipment however, when compared, whole 

unstimulated saliva has been shown to contain higher concentrations of inflammatory 

cytokines such as TNF and IL-6 (Rhodus, Cheng et al. 2005). Nevertheless, available 
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literature suggests both mediums do allow detection of salivary cytokine concentrations 

which are above those seen in healthy controls (Rhodus, Cheng et al. 2005). Sample 

collection using whole unstimulated saliva may not be feasible with oral chronic GvHD 

patients, one of the most common oral manifestations seen post HSCT being significant 

salivary hypofunction.  

The literature is slowly expanding in relation to candidate biomarkers of organ-specific 

disease in chronic GvHD. From the current study saline mouth rinsing, a quick and non-

invasive fluid to collect, shows promise for the identification of local biomarkers of disease. 

Identification of biomarkers of interest within the saliva of allogeneic transplant recipients 

may provide a simple diagnostic method to predict and monitor local disease activity via the 

cytokine profile expressed; associations with IL-6, IFN- γ and TNF meriting further 

evaluation using larger sample sizes. 

3.7 Conclusion  

Findings from this study support the hypothesis of a unique cytokine profile present in the 

saliva of oral chronic GvHD patients; namely raised IL-6, IFN- γ and TNF combined with a 

marked absence of IL-4 and IL-2. No, one cytokine was able to distinguished oral chronic 

GvHD from both healthy patients and mucosal disease processes which show similarities to 

oral GvHD such as OLP however, examination of a panel of cytokines may allow distinction 

and aid in diagnosis. Validation of these findings is required through the use of a larger cohort 

of HSCT recipients. 
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Chapter 4: TRANSPLANT FEATURES, QUALITY OF LIFE AND 

ORAL SYMPTOMS	
4.1 Abstract  

 Despite significant advances in transplant techniques and immunosuppressive therapy, 

chronic GvHD remains highly prevalent. The oral cavity is frequently affected, resulting in a 

significant impact on oral function and quality of life. Symptom profile and quality of life of 

patients who developed oral chronic GvHD was the focus of this study. Patients, planned for 

allogeneic stem cell transplantation, were recruited over a 6-month period and examined prior 

to transplantation as well as at Days 100, 180 and 270 after transplantation. Patients who 

developed oral chronic GvHD were also assessed at disease onset if this occurred between 

scheduled examination points. Measures including the National Institutes of Health (NIH) 

chronic GvHD Activity Assessment: Patient Self Report, Xerostomia Inventory (XI) and Oral 

Health Impact Profile (OHIP) were completed at each time point. Of 48 participants, 6 

developed diagnostic features of oral chronic GvHD demonstrating, on average, a pre-

transplant XI score of 7 points higher than those who went on to develop chronic GvHD 

elsewhere. Oral pain, sensitivity and oral-health related QoL scores were also significantly 

raised compared to the remaining patients when oral chronic GvHD was present at the 9-

month examination time point. Findings support the routine use of validated, mouth-specific 

questionnaires to accurately reflect oral chronic GvHD activity. Elevated XI scores pre-

transplantation may warrant investigation as a tool to identify patients at risk of oral chronic 

GvHD. 

4.2 Introduction 

Chronic Graft-versus-Host Disease (chronic GvHD) is one of the most significant long-term 

complications of allogeneic haemopoietic stem cell transplantation (HSCT). Despite 

significant advances in transplant techniques and post-transplant immunosuppressive therapy, 

(Flowers and Martin 2015) 50% or more of long-term survivors of allogeneic-HSCT 

experience some degree of chronic GvHD (Mays, Fassil et al. 2013).  

One of the most frequent sites affected by chronic GvHD is the oral cavity which may be the 

primary or sole site of involvement and is often recalcitrant to treatment (Woo, Lee et al. 

1997). The reported incidence of oral chronic GVHD varies widely within the literature with 
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45-83% of patients who experience chronic GvHD showing features of oral involvement 

(Schubert and Correa 2008). Oral chronic GVHD can present with painful ulceration and 

mucosal sensitivity frequently causing a significant and detrimental impact on oral health, 

function and oral-health related quality of life after transplantation. 

This phase of the study assessed the accuracy of a set of mouth-specific questionnaires in 

capturing the symptom profile and impact of oral chronic GvHD and examined if associates 

were present between transplant and patient-related features and the development of oral 

chronic GvHD. 

4.3 Hypothesis and aims of the study  

This study hypothesized that: 

1.  Time after transplantation and disease status affected oral symptom scores 

2.  Patients with oral chronic GvHD report higher scores on mouth specific symptom 

scales 

The aims of the present pilot study were: 

1.  To show the relationship between oral chronic GvHD and oral symptom scores 

2.  To show the symptoms of oral chronic GvHD are accurately reflected on mouth 

specific questionnaires 



 102 

4.4 Methodology 

Patients 18 years of age and older, planned for allogeneic HSCT, were consecutively enrolled 

in this prospective observational study at one of two sites (RMH and AH) from June to 

December 2013.  Patient and transplant features were recorded including age at 

transplantation, underlying diagnosis, stem cell source, conditioning intensity, the use of total 

body irradiation (TBI) and the use of methotrexate-containing graft-versus-host disease 

(GvHD) prophylaxis. The occurrence of early complications of HSCT which may have arisen 

between study visits, such as acute GvHD and mucositis, were obtained from patient medical 

records. The WHO Oral Toxicity Scale was used by all clinicians for mucositis grading 

(World Health Organization 1979). Mucositis severity grades were condensed into mild 

(Grade I-II mucositis) and severe (Grade III-IV). Comprehensive clinician- and patient-based 

clinical measures (as outlined below) were completed pre-transplant and then repeated at 

Days 100, 180 and 270 after HSCT.  Patients who developed oral chronic GvHD during the 

study period had an additional assessment at the time of onset and, where relevant, resolution 

of oral cGvHD.  

The protocol was approved by the Human Research Ethics Committee at each site (Alfred 

Hospital project number 113/12 and Royal Melbourne Hospital project number 2011.090 with 

all patients providing written informed consent. 

4.4.1 Patient-reported clinical measures 

A number of patient-reported questionnaires were completed at each study time point. Data 

focused on patient-perceived severity of oral complications after HSCT. Specifically, 

standardised questionnaires outlined in the 2005 National Institutes of Health (NIH) 

Consensus Development Project on Criteria for Clinical Trials in Chronic Graft-versus-Host 

Disease (Pavletic, Martin et al. 2006) were utilised. This included 10cm VAS for oral pain, 

sensitivity and dryness as described in Section 2.2.6.1 where patients were asked to rate 

severity over the preceding 7 days on a scale of 0 (not present) to 10 (as bad as you can 

imagine).  

The Xerostomia Inventory (XI) (Thomson, Chalmers et al. 1998, Thomson and Williams 

2000) was used as a specialised measure of symptoms associated with oral dryness as 

described in Section 2.2.6.2 Patients were required to circle one of 6 possible responses for 11 
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questions on a Likert scale where “never” was scored 1 through to “very often” scoring the 

maximum 5. A cumulative score recorded for overall level of xerostomia at each time point. 

Previous authors have also proposed a difference of 6 points as the minimum difference 

needed to reflect a clinically meaningful worsening of xerostomia (Thomson 2007). 

Oral Health Impact Profile-14 (OHIP-14), a quality of life (QoL) tool focusing on the impact 

of oral disorders on well-being was also administered (Section 2.2.6.3). Patients were 

instructed to circle one of five possible responses on a Likert scale that best described the 

frequency of each descriptor over the preceding 1-month period where “never” was scored 

zero through to “very often” scoring the maximum four. The scores for all 14 questions were 

added (range from 0 to 56 points) to give an overall indication of oral health impact on QoL, 

higher cumulative scores were reflective of poorer QoL.  

4.4.2 Clinician-reported measures 

Oral chronic GvHD involvement was defined as any mouth abnormality scored on the 2005 

NIH Chronic GvHD Activity Assessment Form A: Clinical Assessment (Pavletic, Martin et 

al. 2006) specifically; erythema, lichenoid change, ulceration and the presence of mucoceles. 

Composite and individual scores for the severity of each parameter were obtained by 

following the prescribed definitions for mild, moderate or severe disease and the associated 

scoring as previously described (Section 2.2.7.1). A composite score was obtained by adding 

the individual scores for the 4 clinical parameters; final score ranging from zero (no oral 

chronic GvHD) through to a maximum of 15.  

The Karnofsky Performance Status Scale (Karnofsky and Burchenal 1949), as defined in 

Section 2.2.6.3, was completed by the researcher at each study visit. A single score was 

allocated, ranging from 10, defined as moribund; fatal processes progressing rapidly, to 100, 

defined as normal with no complaints or evidence of disease. Decreasing scores represented a 

reduced performance status. 

4.4.3 Statistical methods 

To enable statistical analysis of disease status with baseline patient and transplant-related 

features- patients were arranged into 3 groups according to their chronic GvHD status 

throughout the observational period; those who developed oral chronic GvHD, those who 

developed non-oral chronic GvHD and those who did not develop any chronic GvHD. Group 
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allocation was dependent on disease status across the study period, namely, patients who 

developed oral chronic GvHD at any time point after transplantation were allocated to the oral 

chronic GvHD group.  Statistical comparisons between the three groups were made with the 

ANOVA test and then Tukey Pairwise Comparisons for differences in means between groups 

with continuous variables. When data was not normally distributed non parametric tests were 

applied. Mann-Whitney tests were used for pairwise comparisons; Kruskal-Wallis test for 

multiple comparisons. Due to the number of patients, Fishers exact test was used for 

categorical variables. Two patients were excluded when describing patient-reported symptom 

measures at baseline due to recent dental extractions (1-2 days prior to data collection) as this 

was thought likely to influence perceived mouth symptoms at this time.  

To assess the effects of time and disease status on the 5 measured oral symptom scores a 

linear mixed-model was fitted. The interaction model examined the effect of baseline score, 

time post-transplantation and the presence of disease (oral chronic GvHD or non-oral 

disease). This model included a random effect of the individual as an additional variable as 

data was considered dependent. When assessing associations over time the presence or 

absence of disease, namely oral and non-oral chronic GvHD, could vary across time for each 

individual and allocation to each disease group was dependent on disease status at each time 

point. Specifically, patients who developed oral chronic GvHD were allocated to the oral 

chronic GvHD group only over time points when disease was present, assigned to the “no 

disease” group over remaining time points.  

For each oral symptom scale the interaction of disease and time was considered, where this 

interaction could not be detected, variables were described individually (main effects model). 

As some combinations of time and disease group generated small group size the variances for 

these combinations were assumed to be equal to those of other disease and time combinations. 

Statistical analyses were performed with Minitab software version 17; a p-value of less than 

0.05 was taken to be statistically significant. Linear mixed model was fitted in GenStat 

version 16. 
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4.5 Results  
4.5.1 Patient characteristics 

Over a 6-month period between June and December 2013 fifty-four patients planned for 

allogeneic HSCT consented to participate in this study. Seven of these patients did not 

proceed: one withdrew consent, three relapsed prior to transplantation and oral rinse samples 

were not collected from three patients due to insufficient time before transplantation.  The 

final study population therefor consisted of forty-seven patients. 

The average age at transplantation was 47 years (ranging from 22 to 65 years) with 34% of 

transplant recipients in the 50-59 years age group (n=16). Patients were transplanted for a 

range of haematological malignancies and bone marrow failure conditions, the most common 

acute myeloid leukaemia (AML, n=19) followed by multiple myeloma (n=7). Just over half of 

the study participants (53.2%, n=25) received reduced intensity conditioning regimens 

including 17 who received non-myeloablative conditioning regimens. The majority of patients 

(89.4%, n=42) received peripheral blood stem cell grafts (PBSC).  

Standard GvHD prophylaxis consisted of cyclosporin combined with or without a short 

course of methotrexate (cyclosporin 3 mg/kg from Day -1, methotrexate 8 mg/m2 IV Days 2, 

4, 8 and 12 or 15 mg/m2 Day 1 and 10 mg/m2 days 3, 6, 11 depending on the transplanting 

institution). Recipients receiving grafts from unrelated or HLA mismatched family donors 

also received anti-thymocyte globulin (ATG) for T-cell depletion and additional 

immunosuppression. Patients receiving very low intensity conditioned allogeneic HSCT 

received mycophenolate (15 mg/kg BD IV or 1000 mg BD orally) combined with 

cyclosporin. Tacrolimus replaced cyclosporin in select patients intolerant of cyclosporin or 

where unacceptable toxicities developed (0.03 mg/kg/day IV or 0.12 mg/kg/day orally in 2 

divided doses). Patient’s prescribed non-myeloablative conditioning regimens also potentially 

received Alemtuzumab (anti-CD52 antibody, Campath) for T-cell depletion. In the current 

patient cohort there was a predominance of methotrexate-containing GvHD prophylaxis 

regimens (61.7%, n=29).  

 



 106 

4.5.2 Patient reported clinical measures pre-transplantation 

Prior to transplantation the majority of patients reported no or low levels of oral dryness 

(median 0, range 0-8), mouth pain (median 0, range 0-6) and mouth sensitivity (median 0, 

range 0-7). Xerostomia inventory scores were also generally low with a median score of 17 

(range 11-42) as were the oral health related QoL scores (median 5, range 0-21). At 

enrollment, Karnofsky performance score (KPS) for patients planned for transplantation 

ranged from 70 (cares for self, unable to carry out normal activity) through to 90 (able to 

carry out normal activity, minor signs of disease) with a median score of 80 (n=24, 51%).  

4.5.3 Participant attrition over the 9-month study period 

Of the forty-seven participants who progressed to HSCT nine were lost from the study by Day 

100; five due to relapse (55.5%), and four patients died due to severe acute GvHD, 

aspergillus, interstitial pneumonitis or multi-organ failure.  

At the study end-point (9 months after HSCT) 55% of participants were alive and relapse free 

(n =27). The reason for participant attrition is outlined in Figure 4.1, the most common cause 

being death (n=9) followed by relapse (n =7). Two patients withdrew their consent: one due 

to distance travelled and the other as a result of severe needle phobia which prevented 

complete sample collection after removal of a central line. Significant medical impairment 

lead to two additional patients being excluded from ongoing participation. One subject was 

intubated in the intensive care unit and the second suffering significantly diminished 

cognition and mobility secondary to cerebral toxoplasmosis.  
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Of the 9 patients who died within the prescribed study period two belonged to the oral chronic 

GvHD group and the remainder to the control group, those who did not develop any chronic 

GvHD. There was no significant difference at baseline between the age at transplantation, and 

any other transplant feature, in those who went on to die during the study period (n=9) and 

those who survived (n=38). Prior to transplantation the majority of patients reported no or low 

levels of oral dryness, pain and sensitivity (Section 4.5.4). For this reason subject VAS scores, 

between those who died and those who survived, were compared as the number of patients 

scoring >0. No significant difference was found for VAS scores for oral dryness, pain and 

oral sensitivity at baseline. Median scores for XI questionnaires at baseline was 17 (lowest 

score possible being 11 up to a total of 48) and 5 for OHIP scale (lowest score possible being 

0 through to 56); no significant difference was seen between the number of patients scoring 

above the median pre-transplantation in those who went on to die and those who survived in 

both the XI and OHIP questionnaires (Table 4.1).  

 

Table 4.1 Baseline median scores for those who lived versus those who died within the study period 

  VAS Dryness VAS Pain VAS Sensitivity OHIP XI 

               Median score (range) 

Lived (n= 38) 0 (0-8) 0 (0-6) 0 (0-7) 5 (0-21) 16 (11-42) 

Died (n= 9) 1 (0-5) 0 (0-2) 0 (0-2) 6 (0-12) 26 (13-37) 

p-value  0.26 0.89 0.67 0.62# 0.06# 

p-value obtained from Kruskal Wallis test unless otherwise indicated (data not normally distributed) 
# p-value obtained from ANOVA test 
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4.5.4  Adverse effects of HSCT in the early transplant phase  

4.5.4.1 Mucositis 

Over half of the transplanted patients (57.5%, n=27) developed some degree of mucositis with 

25.9% (n=7) classified as Grade I-II severity; the majority (74.1%, n=20) experiencing severe 

mucositis (Grade III-IV WHO scale). Mucositis was significantly associated with age; a lower 

mean age in patients who developed some degree of mucositis (p=0.032). When the features 

of transplantation were considered, significant associations were seen between those who 

developed mucositis and methotrexate containing GvHD prophylaxis (p<0.001), 

myeloablative conditioning regimens (p<0.001) and the absence of TBI (p=0.012) (Table 

4.2). Binary logistic regression analysis investigating the influence of age at transplantation, 

sex, donor source, conditioning intensity, use of TBI and methotrexate containing GvHD 

prophylaxis, showed that myeloablative conditioning (OR=10.0), and TBI (OR=0.07) were 

significant positive and negative predictors of oral mucositis respectively (Table 4.3). 
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Table 4.2 Presence of mucositis and associations with transplant features (n=47) 

 Mucositis No mucositis  p-value# 

N 27 20  
Mean age (SD) 43.9 (+/- 10.8) 51.6 (+/- 12.8) 0.03* 

Sex     
    Female (%) 13 (48.1%) 11 (55.0%) 

0.64 

    Male (%) 14 (51.9%) 9 (45.0%) 
Diagnosis     
    Myeloid neoplasias 17 9 

0.17^ 

    Lymphoid neoplasias 9 11 
    ALD^ 1 0  
Conditioning intensity    
    Myeloablative  19 3 

<0.001* 

    Reduced-intensity$ 8 17 
Donor     
    Related 14 10 

0.90     Unrelated 13 10 
TBI    
     Yes 9 14 

0.012* 

     No 18 6 
Methotrexate-containing 
GvHD Prophylaxis 

   

     Yes 23 6 
<0.001* 

     No 4 14 
# Unless stated otherwise, p-value reported using one-way ANOVA for continuous data and Fishers Exact 
Test for categorical data between 2 groups  
^Diagnosis group ALD (adrenoleukodystrophy) not included in this analysis  

$ Reduced-intensity conditioning - inclusive of regimens listed as reduced intensity and non-myeloablative 

 

Table 4.3: Binary logistic regression for development of mucositis 

   Odds ratio 

Variable Level Baseline Estimate 95% CI p-value 

Age x+1 x 0.94 (0.86, 1.02) 0.13 

Sex Female Male 0.34 (0.05, 2.22) 0.25 

HSCT Type MUD Sibling 0.51 (0.08, 3.16) 0.46 

Stem Cell Source Other Peripheral blood 0.14 (0.01, 2.12) 0.15 

GvHD Prophylaxis Methotrexate No Methotrexate 4.88 (0.63, 38.07) 0.12 

Conditioning Myeloablative RIC$ 10.01 (1.00, 100.19) 0.037* 

TBI Yes No 0.07 (0.01, 0.58) 0.004* 
$ Reduced-intensity conditioning - inclusive of regimens listed as reduced intensity and non-myeloablative 
MUD: matched unrelated donor,     * p-value <0.05 
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4.5.4.2 Acute graft-versus-host disease 

Of the patients who progressed to transplantation (n=47) 3 did not survive the early transplant 

phase (death at day 22, 26 and 34) and were excluded from further analysis. There was no 

evidence of acute GvHD at the time of death. In the remaining patients (n=44) some degree of 

acute GvHD developed in 64% (n=28) of the patients who survived beyond 5 weeks. Of the 

patients who did develop acute GvHD, most (71%) had Grade I or II disease severity with 

28% (n=8) progressing to Grade III-IV severity. Acute GvHD was most commonly seen in 

one organ only with the most common site being the skin (n=11, 39%) followed by the 

gastrointestinal tract (n=8, 29%). A proportion of patients (n=6, 21%) developed acute GvHD 

in 2 or more organs. A significant association was seen between TBI containing conditioning 

regimens and the development of acute GvHD (p=0.03). Younger patients appeared to be 

more likely to develop acute GvHD but the differences were not statistically significant 

(p=0.056), no other patient or transplant-related feature was associated with an increased rate 

of acute GvHD development. 

4.5.5 Adverse effects of HSCT in the late transplant phase 

4.5.5.1 Chronic GvHD in the study cohort 

During the 9-month study period sixteen patients (36%) developed chronic GvHD, the 

majority with single organ involvement (n=11, 69%). Oral (n=6), pulmonary (n=4) and gut 

(n=4) being the most common sites affected during the prescribed follow up period. No 

significant associations were seen between patient or transplant-related features and 

development of chronic GvHD.  

For evaluation of chronic GvHD disease status and potential associations with patient and 

transplant-related features, patients were divided into 3 cohorts depending on their chronic 

GvHD status across the study period: those who developed oral chronic GvHD (n=6), those 

who developed non-oral chronic GvHD (n=10) and those who did not develop any chronic 

GvHD (n=28) throughout the study period. Findings are outlined in Table X. There was no 

significant difference in age at transplantation (p=0.990) or association with any other patient 

or transplant feature and the development of chronic non-oral GvHD (Table 4.4).  
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Table 4.4: Patient features at enrollment within oral, non-oral cGvHD and no cGvHD groups (n=44)$ 

 Oral cGvHD Non-oral cGvHD No cGvHD Total p-value# 

N 6 10 28 44  
Median age (range) 51 (22-64) 49 (27-63) 46 (25-65)  0.99 
Sex       
    Female (%) 3 (50%) 2 (20%) 17 (60.7%) 22 

0.08 

    Male (%) 3 (50%) 8 (80%) 11 (39.3%) 22 
Diagnosis       
    Myeloid neoplasias 3 6 16 25 

0.82^ 

    Lymphoid neoplasias 3 3 12 18 
    ALD^ 0 1 0 1  
Conditioning intensity      
    Myeloablative  2 8 12 22 

0.09     Reduced-intensity* 4 2 16 22 
Donor       
    Related 4 3 14 21 

0.41     Unrelated 2 7 14 23 
TBI      
     Yes 5 5 12 22 

0.23      No 1 5 16 22 
Methotrexate-containing 
GvHD Prophylaxis 

     

     Yes 2 8 17 27 
0.20      No 4 2 11 17 

Karnofsky Performance 
Status Scale 

     

90% 5 4 12 21 
0.20 80-70% 1 6 16 23 

$ 3 patients who died within the first 35days after transplantation were excluded from analyses when 
patients were divided into groups according to overall chronic GvHD status as there death was deemed to 
early after transplantation to know with any certainty if chronic GvHD would develop within the study 
period, therefor, n=44 
# Unless stated otherwise, p-value reported using one-way ANOVA for continuous data and Fishers Exact 
Test for categorical data between 3 groups  
^Diagnosis group ALD (adrenoleukodystrophy) not included in this analysis  

* Reduced-intensity conditioning - inclusive of regimens listed as both reduced intensity and non-
myeloablative 
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4.5.5.1.1 Oral chronic GvHD 

During the 9-month post-transplant study period sixteen patients developed chronic GvHD, of 

whom 37.5% (n=6) developed oral chronic GvHD. Lichenoid change was the most common 

clinical presentation of oral chronic GvHD seen to some degree in all patients. When present, 

lichenoid change was most commonly graded as moderate in severity and most frequently 

involved the buccal and labial mucosa (n=4). Erythema was the next most common feature of 

oral chronic GvHD, present in 66.7% (n=4) of patients and was most frequently mild in 

presentation. Ulceration was only present in 2 patients (Figure 4.2) with mucoceles the least 

frequent manifestation, observed in only 1 subject. The mean overall mucosal score, using the 

2005 NIH Chronic GvHD Activity Assessment Form A: Clinical Assessment at onset of oral 

chronic GvHD, was 4.50 (range 2-10, out of a possible 15). No significant difference was 

seen between any patient or transplant feature and the development of oral chronic GvHD 

(Table 4.4). 

Figure 4.2 Onset of oral chronic GvHD involving the bilateral buccal mucosa with ulceration and erythema 
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4.5.5.2 Subjective, patient reported symptoms across study duration  

Patients completed a mean of 3 of the scheduled examination time points (range 1-4); 

incomplete sample collection was most commonly due to death or disease relapse and hence 

exclusion from ongoing participation (Section 4.5.3).  Prior to transplantation the majority of 

patients reported no or low levels of oral dryness (median 0, range 0-8), mouth pain (median 

0, range 0-6) and mouth sensitivity (median 0, range 0-7).  Xerostomia inventory scores were 

also generally low at baseline with a median score of 17 (range 11-42) as were the oral health 

related QoL scores (median 5, range 0-21). 

To examine potential pre-transplantation differences between the various oral symptom scores 

and final chronic GvHD status patients were again considered as 3 cohorts based on their 

chronic GvHD status across the study period, patients who went on to develop oral chronic 

GvHD (n=6), those who developed non-oral chronic GvHD (n=10) and those who did not 

develop any chronic GvHD (n=28) during the observational period. 

4.5.5.2.1 Symptom scores at baseline between disease groups 

VAS symptom scores were compared at baseline between groups, no statistically significant 

difference was seen (Table 4.5). Patients who went onto die within the study period (n=6) 

were extracted as a fourth comparison group and again, no statistically significant difference 

was found between the VAS symptoms scores across the four groups at baseline (Table 4.5). 

Table 4.5: VAS symptoms scores between groups at baseline (n=44) 

 Groups  

Symptom scale Oral cGvHD Non-oral GvHD No GvHD Deaths p-value# 

      Median (IQR)     

Dryness 1.5 (3.5) 0.5 (2.3) 0 (0.8)  0.12 

 1.5 (2.5) 0.5 (2.3) 0 (0.8) 0 (3.5) 0.30 

Pain 0 (1.0) 0 (1.0) 0 (0.0)  0.42 

 0 (0.8) 0 (1.0) 0 (0.0) 0 (0.3) 0.81 

Sensitivity 0 (1.0) 1 (4.2) 0 (1.0)  0.24 

 0 (0.8) 1 (4.3)  0 (1.0) 0 (1.0) 0.38 
#p-values obtained from Kruskal Wallis test comparing 3 then 4 groups, data not normally distributed 
IQR: interquartile range 
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Cumulative OHIP scores were compared between groups at baseline and no statistically 

significant difference was seen (F=0.17, df 2, 41, p=0.84). Patients who went on to die within 

the study period were extracted and used as a fourth comparison group (n=6) and again, no 

statistically significant difference was found between the OHIP scores across the four groups 

at baseline (F=0.38, df 3,40, p=0.77) (Table 4.6). 

 

Table 4.6: Oral Health related Quality of Life scores between groups at baseline 

 Group  

 Oral cGvHD Non-oral GvHD No GvHD Deaths p-value 

OHIP scores     

   Number 6 10 28   
   Mean (SD) 6.8 (6.4) 5.4 (5.6) 6.5 (5.7)  0.84 

Number 4 10 24 6  

Mean (SD) 7.3 (6.6) 5.4 (5.6) 6.9 (6.0) 4.7 (4.4) 0.77 

p-values derived from one-way ANOVA due to normally distributed data 
SD, standard deviation 

 

Cumulative XI scores were compared between groups at baseline and no statistically 

significant difference was seen between the 3 disease groups (F=1.75, df 2, 41, p=0.19). 

Patients who went on to die within the study period (n=6) were used as a fourth comparison 

group, and again, no statistically significant difference was found between XI scores across 

the four groups at baseline (F=1.44, df 3, 40, p=0.25) (Table 4.7). However, when a minimum 

difference of 6 points in cumulative XI score was taken to represent clinically meaningful 

worsening of xerostomia oral chronic GvHD sufferers, on average, showed a mean XI score 

of 8 points higher pre-transplant than those patients who would later develop chronic GvHD 

at a non-oral site, 6 points higher than those who did not develop any (Table 4.7).  

 

 

 



 115 

Table 4.7 Xerostomia Inventory scores between groups at baseline 

 Group  

 Oral cGvHD Non-oral GvHD No GvHD Deaths p-value 

Xerostomia Inventory scores     

   Number 6 10 28 -  
   Mean (SD) 25.3 (8.3) 17.6 (6.3) 19.5 (8.7) - 0.19 

   Number 4 10 24 6  
   Mean (SD) 22.5 (7.6) 17.6 (6.3) 18.9 (8.9) 25.5 (7.9) 0.25 

p-values derived from one-way ANOVA due to normally distributed data 
SD, standard deviation 
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4.5.5.3 Oral symptom scores: associations with time and disease status 

In sections 4.5.5.3.1 to 4.5.5.3.5 cumulative oral symptom scores are initially described 

within the entire patient cohort across the 9-month study period with time points 1 to 4 

referring to data collected prior to transplantation then again at Days 100, 180 and 270 after 

transplantation. 

To assess the effects of time and disease status on the 5 recorded oral symptom scores a linear 

mixed-model was fitted. The interaction model examined the effects of variables baseline 

score, time post-transplantation and the presence of disease (oral chronic GvHD or non-oral 

disease). This model included a random effect of the individual as an additional variable as 

data was considered dependent. For each oral symptom scale the interaction of disease and 

time was considered; where this interaction could not be detected, variables were described 

individually (main effects model).  

When assessing associations over time the presence or absence of disease, namely oral and 

non-oral chronic GvHD, could vary across time for each individual, allocation to each disease 

group was dependent on disease status at each time point. Specifically, patients who 

developed oral chronic GvHD were allocated to the oral chronic GvHD group only over time 

points when disease was present, assigned to the “no disease” group over remaining time 

points. As some combinations of time and disease group generated small group numbers the 

variances for these combinations were assumed to be equal to those of other disease and time 

combinations.  
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4.5.5.3.1 Oral dryness across study period  

Assessing the whole patient cohort over time (n=44), without reference to disease status, it 

was seen that the median VAS oral dryness scores increased at time point 2 (Day 100) and 

then gradually declined as time post-transplantation increased (Figure 4.3). 

A linear mixed-model regression analysis showed a small and non-significant interaction 

between baseline score, disease presence and time after transplantation (p=0.65). Description 

of the individual explanatory variables is therefore reported (Table 4.8). The effect of the 

baseline score was quantified by the regression coefficient. The estimate indicates a predicted 

increase of 0.67 in VAS oral dryness score for each one-point increase in baseline score. 

Table 4.8: Results from linear mixed-model for VAS oral dryness score 

 F df p-value 

Interaction model    
Baseline score 8.99 1, 23.4  0.006* 

Disease type by Time-point 0.63 4, 59.2 0.65 

Main effects model    

Baseline score 8.98 1, 24.0  0.006* 

Disease type (oral or non-oral cGvHD) 1.32 2, 57.3 0.28   
Time point after transplantation 2.23 2, 47.8 0.12 

Regression coefficient for Baseline score 

Estimate 95% confidence interval p-value 

0.67 0.21, 1.13 0.006* 

Figure 4.3 Median VAS Mouth Dryness score across time (error bars as interquartile range) 
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4.5.5.3.2 Oral pain across study period  

Across the whole patient cohort (n=44), without reference to disease status, no change was 

apparent in the reported oral pain scores over time post-transplantation (Figure 4.4) 

A linear mixed-model showed a significant interaction effect (p<0.001). The difference in 

scores between disease groups most evident at time point 4 (9-months post-HSCT) where 

patients with oral chronic GvHD had an estimated VAS pain score of 6.37 points higher (95% 

CI 4.49, 8.26) than those who had no disease and an increase of 5.47 (95% CI 2.86, 8.07) 

compared to those who had non-oral chronic GvHD (Figure 4.5). An effect of baseline score 

was seen and quantified by the regression coefficient (p=0.04), estimate indicated an increase 

of 0.29 in pain score for a one point increase in baseline score (Table 4.9). 

Figure 4.4 Median VAS mouth pain scores across time (error bars as interquartile range) 
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Table 4.9: Results from linear mixed-model for VAS oral pain score 

 F df p-value 
Interaction model    
Baseline score 5.12 1, 20.2  0.04* 

Disease type by time point 8.03 4, 67.5 <0.001* 

Regression coefficient for Baseline score 

Estimate 95% confidence interval p-value 

0.29 0.02, 0.55 0.04* 

Pairwise comparisons for interaction model  

Time point Group comparison Estimate 95% CI 

2 Oral- non oral -0.30 -3.91, 3.31 
2 Oral- none -1.30 -3.90, 1.31 
2 Non oral- none -1.00 -3.60, 1.60 
3 Oral- non oral -0.07 -2.87, 2.74 
3 Oral- none -0.49 -3.11, 2.13 
3 Non oral- none -0.42 -1.73, 0.89 
4 Oral- non oral 5.47* 2.86, 8.07 
4 Oral- none 6.37* 4.49, 8.26 
4 Non oral- none 0.91 -0.49, 2.30 

* significant pairwise comparison 
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4.5.5.3.3 Oral sensitivity across study period  

Little change was observed in the reported oral sensitivity scores across the study period 

when the whole cohort was assessed without reference to disease status (Figure 4.6). 

 

 

 

 

 

 

 

 

When a linear mixed-model was fitted a significant interaction effect was seen (p<0.001). The 

difference in scores between disease groups most evident at time point 4 (9-months post-

transplantation) where patients with oral chronic GvHD showed an estimated 6.88 higher 

VAS pain score (95% CI 3.66, 10.09) versus those who had non-oral disease and 6.78 higher 

(95% CI 4.49, 9.08) than those who developed no chronic GvHD (Figure 4.7) (Table 4.10).  

Figure 4.6 VAS mouth sensitivity scores over time (error bars as interquartile range) 
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Table 4.10: Results from linear mixed-model for VAS oral sensitivity score 

 F df p-value 
Interaction model    
Baseline score 1.97 1, 26.1  0.17 

Disease type by time point 6.38 4, 55.6 <0.001* 

Regression coefficient for Baseline score 

Estimate 95% confidence interval p-value 

0.23 -0.11, 0.56 0.17 

Pairwise comparisons for interaction model  

Time point Group comparison Estimate 95% CI 

2 Oral- non oral 0.20 -4.23, 4.63 
2 Oral- none -1.48 -4.63, 1.68 
2 Non oral- none -1.68 -4.92, 1.57 
3 Oral- non oral -0.93 -4.32, 2.46 
3 Oral- none -0.57 -3.75, 2.61 
3 Non oral- none 0.36 -1.21, 1.93 
4 Oral- non oral 6.88* 3.66, 10.09 
4 Oral- none 6.78* 4.49, 9.08 
4 Non oral- none -0.09 -1.79, 1.60 

* significant pairwise comparison 
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4.5.5.3.4 Oral health related quality-of-life across study period  

Little change was seen in reported oral health related quality-of-life scores across the study 

period when the whole cohort was assessed without reference to disease status (Figure 4.8).  

When a linear mixed-model was fitted a significant interaction effect was seen (p=0.03). The 

difference in scores between disease groups most marked at time point 4 (9-months post 

HSCT) where patients with oral chronic GvHD showed an estimated difference in OHIP 

scores of  +19.06 (95% CI 5.42, 32.70) relative to those who had no disease and +18.63 (95% 

CI 8.65, 28.61) compared to those who had non-oral disease (Figure 4.9) (Table 4.11). No 

effect of baseline score was seen (p=0.77). 

Figure 4.8 OHIP scores over time (error bars as interquartile range) 
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Table 4.11: Results from linear mixed-model for OHIP score 

 F df p-value 
Interaction model    
Baseline score 0.09 1, 23.2  0.77 

Disease type by time point 2.92 4, 61.3   0.03* 

Regression coefficient for Baseline score 

Estimate 95% confidence interval p-value 

0.05 -0.32, 0.43 0.77 

Pairwise comparisons for interaction model  

Time point Group comparison Estimate 95% CI 

2 Oral- non oral -0.77 -19.76, 19.22 
2 Oral- none -6.09 -19.81, 7.64 
2 Non oral- none -5.32 -19.03, 8.39 
3 Oral- non oral -3.20 -17.91, 11.51 
3 Oral- none -2.81 -16.62, 11.00 
3 Non oral- none 0.39 -6.45, 7.22 
4 Oral- non oral 19.06* 5.42, 32.70 
4 Oral- none 18.63* 8.65, 28.61 

4 Non oral- none -0.43 -7.78, 6.92 
* significant pairwise comparison 

432

25

20

15

10

5

0

Pr
ed

ic
te

d 
m

ea
n 

fo
r O

H
IP

 sc
or

e

Non oral
None
Oral

Figure 4.9 OHIP scores across time according to disease status 

Time point 

Mean 
OHIP 



 124 

4.5.5.3.5 Xerostomia Inventory scores across study period  

Assessment of the combined patient cohort (n=44), without reference to disease status, 

showed a rise in XI scores at time point 2 (Day 100) followed by a steady decline not 

reaching baseline by time point 4 (Figure 4.10).  

 

A linear mixed-model showed a small and non-significant interaction between baseline score, 

disease presence and time after transplantation (p=0.06). Description of the individual 

explanatory variables is therefore reported (Table 4.12). The effect of the baseline score was 

quantified by the regression coefficient. The estimate indicates a predicted increase of 0.50 in 

XI score for each one point increase in baseline score (p<0.001).  

Table 4.12: Results from linear mixed-model for Xerostomia Inventory score 

 F df p-value 
Interaction model    
Baseline score 19.63 1, 24.7  <0.001* 

Disease type by Timepoint 2.35 4, 66.5 0.06 
Main effects model    

Baseline score 18.87 1, 24.0  <0.001* 

Disease type (oral or non-oral cGvHD) 3.34 2, 64.4  0.04*  
Timepoint after HSCT 2.70 2, 48.0 0.08 
Regression coefficient for Baseline score 

Estimate 95% confidence interval p-value 

0.50 0.26, 0.74 <0.001* 

Figure 4.10 Xerostomia Inventory scores across time (error bars as interquartile range) 
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The effect of each explanatory variable is expanded in Figure 4.11 and Table 4.13 below. 

 

 

 

 

 

Table 4.13 Pairwise comparisons of explanatory variables 

Comparison of disease status 

Disease group Estimate 95% confidence interval 

Oral –  Non oral -0.02 -7.9, 7.86 
Oral –  None 4.97 -1.8, 11.74 

Non oral –  None 4.99 0.50, 9.48 

Comparison of time point after baseline 

 Estimate  95% confidence interval 
2 –  3 3.33 -0.25, 6.91 
2 –  4 3.63 0.20, 7.06 

3 –  4 0.30 -3.22, 3.82 

Figure 4.11 Effect of disease status and time point on XI score 

Disease Group     Time point 

Mean 
XI score 
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A minimum difference of 6-points was taken as a clinically significant worsening in 

xerostomia, scores in oral chronic GvHD patients showed significant worsening at disease 

onset relative to baseline, with a mean increase of 9 points at the time of oral chronic GvHD 

onset (Figure 4.12). At the time of disease onset oral chronic GvHD patients recorded a mean 

XI score 8 points higher than those who developed chronic GvHD at a non-oral site. XI scores 

remained relatively stable across the study period in those patients who did not develop any 

chronic GvHD, a maximum mean change in XI score of 2 points across time.  

Onset score for Group 3 represents the final recorded time point for each subject 
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4.6 Discussion 

This prospective study looked at the incidence and impact of oral chronic GvHD in a 

population of allogeneic HSCT patients observed over a 9-month period. The reported 

incidence of oral chronic GVHD varies widely within the literature with 45-83% of patients 

reported to experience some form of chronic GvHD showing features of oral involvement 

(Schubert and Correa 2008). A study of 104 adult allogeneic HSCT patients found that 71% 

of those surviving to Day 100 developed some form of chronic GvHD with 54% of these 

showing oral features (Busca, Locatelli et al. 2005). Different approaches in both the 

classification of chronic GvHD and describing its incidence often results in difficulties in 

comparing outcomes between studies (Vigorito, Campregher et al. 2009, Socie and Ritz 

2014). In the present study of 49 patients, 42% of those who survived to day 100 (n=38) 

developed chronic GvHD, 38% of these patients showing oral involvement. The incidence of 

both oral and non-oral chronic GvHD was lower than expected in this population, potentially 

due to both the relatively small numbers of patients enrolled combined with the reduced 

observation period of 9-months after transplantation. These factors limit generalisation of 

these results and may have partially influenced the finding of this study. Validation in a larger 

study with a longer follow up period would be indicated to consolidate the reported findings 

of this study.    

The clinical features of oral chronic GvHD experienced by patients in this study are consistent 

with the literature, with both lichenoid change and erythema being the most common clinical 

presentations of oral chronic GvHD and the buccal and labial oral mucosa the most 

commonly affected oral sites (Busca, Locatelli et al. 2005, Treister, Cook et al. 2008, Treister, 

Chai et al. 2013). The current prospective study assessed patient or transplant features that 

may be risk factors for the development of oral chronic GvHD. No clear transplant or patient-

related features were identified, oral chronic GvHD seeming to arise independently of the 

various established risk factors for non-oral chronic GvHD, such as previous acute GvHD, the 

use of unrelated donors, and peripheral blood stem cell use (Socie and Ritz 2014). However, 

the small number of patients who developed oral chronic GvHD during the study period 

necessitates confirmation in a larger patient cohort with prolonged follow up.  

Recently published findings have validated the use of visual analogue scales for the oral 

symptoms of dryness, sensitivity and pain as standardised instruments describing patient-
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reported oral symptoms in oral chronic GvHD (Treister, Chai et al. 2013). The present study 

looked to assess the accuracy in capturing both the symptoms and impact of oral chronic 

GvHD via use of the NIH recommended VAS scores in addition to a detailed xerostomia 

questionnaire (XI) and mouth specific QoL measure (OHIP-14). Further, to see if any of the 

selected questionnaires were able to predict which patients would go onto develop oral 

chronic GvHD. Pre-transplantation VAS, XI and OHIP scoring did not identify any 

statistically significant differences in those who went on to develop oral chronic GvHD 

compared to those who developed non-oral disease or no GvHD. However, an alternate 

method for interpretation of the XI cumulative score has previously been discussed in the 

literature, a difference of six points shown to be the minimum difference required to reflect a 

clinically meaningful worsening of xerostomia (Thomson 2007). Using this approach, 

patients who would go on to develop oral chronic GvHD had, on average, a mean XI score 8 

points higher pre-transplant than those patients who would later develop chronic GvHD at a 

non-oral site and 6 points higher than the remaining patients who did not develop any chronic 

GvHD. Xerostomia, the subjective perception of oral dryness, is difficult to clinically assess 

and monitor. There is no universally accepted tool to measure xerostomia with most 

researchers utilising a single-item approach in the objective measurement of xerostomia 

however, interpretation differs amongst responders and may not reflect the truly 

multidimensional experience of xerostomia. For this reason, in the present study, the 

specialised, validated questionnaire, XI, was used to measure the symptoms associated with 

xerostomia (Thomson, Chalmers et al. 1998, Thomson and Williams 2000) and it would seem 

the XI may be a useful tool to predict which patients are most at risk of developing oral 

chronic GvHD and warrants further investigation and validation in a larger prospective study. 

When oral chronic GvHD arose mouth dryness was the most frequently reported symptom, 

identified by all patients in varying degrees. Oral pain and sensitivity was also reported by the 

majority of patients (83%) however this was discordant with the physical presence of oral 

ulceration, clinically evident in only a minority of patients. This finding was different to that 

of a large prospective study which found a strong association between ulceration and overall 

oral pain score (Treister, Cook et al. 2008) demonstrating that pain is associated with 

ulceration but can also be presence in the absence of ulceration. This has been confirmed by 

others, a significant degree of oral pain shown to not be exclusive to patients with ulcerations 

but that mucosal pain and sensitivity is likely also associated with atrophic and erythematous 

mucosa (Schubert, Sullivan et al. 1984).  These clinical signs were observed in the majority of 
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patients in the present study at oral chronic GvHD onset. Thus, it is most likely that atrophy 

and erythema are more important in the development of oral mucosal pain than frank 

ulceration.  

A range of oral-specific questionnaires were employed to capture the symptom profile of oral 

chronic GvHD and allowed separation of these symptoms from those accompanying non-oral 

chronic GvHD and those generally associated with transplantation and associated therapies. 

Over the 9-month post-transplant period oral pain, sensitivity and oral health related QoL 

scores were shown to be statistically significantly higher when oral chronic GvHD was 

present. Patients with oral chronic GvHD showed VAS pain scores on average 6 points higher 

than patients with non-oral chronic GvHD and no GvHD (+5.5, +6.4 respectively). Similarly 

oral sensitivity was recorded close to 7 points higher in oral chronic GvHD sufferers 

compared to both those with non-oral disease (6.9) and those who had no chronic GvHD 

(6.8).  

The effects of chronic GvHD and its treatment on the physical and emotional health plus QoL 

of HSCT recipients is well established and is often extensive (Socie, Stone et al. 1999). With 

oral complications of HSCT being the specific focus of this study, a QoL tool focused on the 

impact of oral disorders on well-being was selected (OHIP-14). A significantly raised (worse) 

OHIP score was evident when oral chronic GvHD developed. Patients with oral chronic 

GvHD scored substantially higher with an estimated difference of 19 points, reflecting poorer 

oral-health related QoL versus those with non-oral disease (18.6) and no disease (19.1). 

Changes in pain, sensitivity and oral-health related QoL were accurately reflected in the 

mouth specific questionnaires used and confirmed the high symptomatic burden oral chronic 

GvHD places on survivors of allogeneic HSCT.  

The XI score did not show a significant association with time since transplantation and 

disease status via the linear mixed model (p=0.06) however the difference in cumulative 

scoring showed patients with oral chronic GvHD recording a mean score of 8 points higher 

than those who had non-oral chronic GvHD. Furthermore, in the patients who did not develop 

any chronic GvHD XI scoring remaining fairly stable over time with a maximum mean 

change of only 2 points across time. Significant fluctuation when oral disease arose combined 

with the magnitude of cumulative XI score accurately identified those with oral disease and 

those without oral disease.   
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Secondary oral complications of transplant assessed as part of this study included mucositis. 

Of the recruited patients who proceeded to transplant over half (58%) developed some degree 

of mucositis. This is decidedly lower than data published from a recent multicenter study 

which showed 82% of adults who received allogeneic HSCT developed some degree of 

mucositis (Vagliano, Feraut et al. 2011). However, it is difficult to ascertain if HSCT 

practices and conditioning regimens were similar between centres. Transplant factors 

associated with increased rates of mucositis included myeloablative conditioning regimens 

and absence of TBI. This is generally consistent with the literature. Of interest, in regards to 

myeloablative conditioning, a recent systematic review on the incidence and severity of 

mucositis (Chaudhry, Bruce et al. In Press) identified similarly high levels of mucositis across 

both myeloablative and reduced-intensity conditioning (RIC) (inclusive of non-myeloablative 

regimens) HSCT. The authors postulated that this may, in part, be associated with the 

busulfan (BU)-containing non-myeloablative regimens that may lead to similar toxicity 

profiles as those seen in BU-containing myeloablative regimens. Other differences in patient 

populations, such as greater use of RIC in the elderly, may also play a role in diminishing the 

frequency of oral mucositis observed in the present study. 

The primary risk factor for the development of acute GvHD is HLA disparity. Where an 

unrelated donor is used, the greater the degree of HLA mismatch, the higher the likelihood of 

developing acute GvHD and the worse the overall outcome (Beatty, Clift et al. 1985). The 

risk of acute GvHD has also been associated with the conditioning regimen used. Regimens 

leading to extensive injury to epithelial and endothelial surfaces (Hill and Ferrara 2000) such 

as myeloablative protocols and those utilising higher radiation doses, are especially 

implicated. In the present study, a significant association was observed between TBI 

containing preparatory regimens and the development of acute GvHD (p=0.03).  There was 

no difference in the incidence or severity of acute GvHD in those who went on to develop 

chronic GvHD and those who did not. This lack of association observed in the current study 

may well be related to the small sample size and short duration of follow up.  
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4.7 Conclusion  

The present study has clearly confirmed that oral chronic GvHD causes significant morbidity 

- with all affected patients describing significant oral dryness, pain and mouth sensitivity and 

reduced quality of life. These findings are consistent with the literature and support the 

routine use of validated, standardised, mouth-specific questionnaires in the post-transplant 

assessment of HSCT recipients.  These results also suggest that there may be some utility in 

pre-transplant screening using a specialised XI questionnaire to predict which patient may go 

on to develop oral chronic GvHD after transplantation although this requires validation in a 

larger prospective study.  
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Chapter 5: SALIVARY CYTOKINES AS BIOMARKERS OF ORAL 

CHRONIC GVHD	
5.1 Abstract  

Biomarkers are an evolving area of research in many inflammatory conditions including 

chronic GvHD and are often explored as objective indicators of disease presence or as 

markers or targets for pharmacologic response Schultz, Miklos et al. (2006). To date, few 

studies have investigated locally derived biomarkers in oral chronic GvHD. The focus of this 

study was to measure and compare the concentration of a panel of chronic inflammatory 

cytokines in mouth rinse samples, pre-transplant and at 3 time points after transplantation of 

patients who went on to develop oral chronic GvHD with comparison to patients who 

developed non-oral chronic GvHD and patients who did not develop any form of chronic 

GvHD.  

Analysis of the oral rinse samples from patients with oral chronic GvHD patients 

demonstrated a positive association between disease presence and the concentration of both 

IL-6 and TNF (p=0.007, p=0.034 respectively) and a negative association with IL-17 and IFN 

(p=0.001, p=0.015 respectively). IL-6 was also found to be associated with the clinical 

presentation of ulceration and erythema (p=0.003, p<0.001 respectively), oral symptom 

scores and oral-health related quality of life. These findings support the hypothesis that a 

unique cytokine profile is measurable in the local environment (saliva) of oral chronic GvHD 

and is reflective of both the presence of disease and with symptom. 

5.2 Introduction 

Chronic GvHD occurs commonly after allogeneic haemopoietic stem cell transplantation 

(HSCT) (Flowers and Martin 2015) and frequently affects the oral cavity, which may be the 

primary or sole site of involvement and may be relatively resistant to treatment (Woo, Lee et 

al. 1997). Clinical and animal studies have shown that numerous T cell subsets including Th1, 

Th2, Th17, T follicular helper cells and regulatory T-cells, play a role in chronic GvHD onset 

and progression- with cytokines and chemokines produced by these cell types mediating the 

tissue inflammation and damage seen in chronic GvHD including in the oral cavity (Presland 

2016). Many of these same mediators have been studied as candidate biomarkers of chronic 

GvHD and are often explored as objective indicators of disease presence or as markers or 
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targets for pharmacologic response. At this time there are no consistently validated 

biomarkers for chronic GvHD, with progress towards this goal complicated by the complex 

and incompletely understood pathophysiology of chronic GvHD. 

Biomarkers that have shown promise in serum include raised levels of IL-6, IL-1β, IL-1α, 

TNF-α and soluble B cell activating factor (sBAFF), these have been shown to be associated 

with chronic GvHD or in autoimmune and chronic inflammatory diseases that clinically 

parallel chronic GvHD (Bazzichi, Rossi et al. 2007, Sarantopolous, Stevenson et al. 2007, 

Baird and Montine 2008, Fujii, Cuvelier et al. 2008). Both increased transcription of TNF-α 

in transplant recipient T cells and raised serum levels have been shown to predict the onset of 

chronic GvHD (Ritchie, Seconi et al. 2005, Skert, Damiani et al. 2009). Further, sBAFF was 

elevated in paediatric allogeneic HSCT patients who developed extensive chronic GvHD 

(Fujii, Cuvelier et al. 2008). However, blood-derived biomarkers may not exclusively reflect 

local disease activity in the organ of interest (Schultz, Miklos et al. 2006) highlighting the 

need for information on cytokine levels in the local tissue or fluid of relevance.   

Few studies, however, investigated locally-derived biomarkers for the diagnosis and grading 

of chronic GvHD in different tissues and organs. Tear cytokine profile has been shown to 

reflect both the presence of chronic GvHD and the severity of ocular symptoms with IL-10, 

IL-6 and TNF-α showing strong correlation with the diagnostic parameters of ocular chronic 

GvHD (Jung, Han et al. 2015). Less research has been conducted into the use of oral 

secretions, such as saliva, or oral mucosal biopsy, to diagnose the presence and extent if oral 

chronic GvHD. Fall-Dickson et al found a statistically significant increase in salivary IL-1α 

and IL-6 in patients with clinical features of oral chronic GvHD compared to healthy 

volunteers; IL-6 showing a positive association with erythema and ulceration (Fall-Dickson, 

Mitchell et al. 2010). Research on oral lichen planus, a condition which closely resembles oral 

chronic GvHD both clinically and histologically, has shown significantly raised levels of IL-6 

in oral exfoliated cells, mouth rinse samples and whole unstimulated saliva (Gu, Martin et al. 

2004, Rhodus, Cheng et al. 2005). Although preliminary, this data suggests that it may be 

possible to identify a profile or biomarkers in the saliva of allogeneic HSCT recipients that 

may be used as the basis for a simple, non-invasive test for the diagnosis, management and 

monitoring of oral chronic GvHD. 
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5.3 Hypothesis and aims of the study  

This study hypothesized that: 

1. Patients with current oral chronic GvHD will exhibit a distinct inflammatory cytokine 

profile in their saliva and that this can be distinguished from the cytokine profile in 

HSCT recipients with ‘non-oral’ chronic GvHD and those without any form of GvHD  

2. A unique cytokine profile is present pre-transplant in the saliva of patients who go on 

to develop oral chronic GvHD  

3. The concentration of interleukin-6 in saliva is associated with the presence of oral 

ulceration and erythema 

The aims of the present study were: 

1.   To identify if oral chronic GvHD disease status affects the measurable concentration 

of chronic inflammatory cytokines in saliva 

2. To identify if, pre transplantation, there are any differences in the concentrations of 

chronic inflammatory cytokines in the saliva of patients who subsequently develop oral 

chronic GvHD  

3. To identify the concentration of interleukin-6 in the mouth rinse samples of oral 

chronic GvHD patients and identify if there is an association with the presence of oral 

ulceration and erythema 



 135 

5.4 Methodology 

Salivary samples corresponding to a specified cohort of patients selected from the recruited 

patients described in chapter 4 made up the study population for this study arm. Specifically, 

all available time point samples belonging to the 6 patients who developed oral chronic 

GvHD within the 9-month study period plus, for comparison, samples from six patients who 

developed non-oral chronic GvHD who were matched for age and sex. Six age and sex 

matched controls comprised of allogeneic HSCT patients who did not develop chronic GvHD 

within the study period. Baseline and time point 4 (9-month) samples were analysed for the 

control group. The diagnosis of oral chronic GvHD was based on the diagnostic features 

described in the NIH consensus document (Filipovich, Weisdorf et al. 2005).  

Additional exclusion criteria to that described in sections 2.2.3 included the presence of any 

oral mucosal pathology not consistent with oral chronic GvHD, such as oral candidosis and 

ulceration secondary to the human herpes virus.   

The BD™ cytometric bead array (CBA) human Th1/Th2/Th17 cytokine kit (Catalogue 

5600484) was used on the salivary samples outlined above and performed according to 

manufacturer’s instructions as outlined in Methods section 2.2.11.  Samples were run in 

duplicate. The cytokine panel consisted of those commonly associated with chronic 

inflammation, namely IL-2, IL-4, IL-6, IL-10, INF-γ, TNF and IL-17A. Data was acquired 

immediately via flow cytometry. The BD FACSCanto II instrument was used. FCAP Array 

software was used for analysis.  

The protocol was approved by the Human Research Ethics Committee at each site (Alfred 

Hospital project number 113/12 and Royal Melbourne Hospital project number 2011.090) 

with all patients providing written informed consent. 

5.4.1 Statistical methods 

For comparisons between disease groups at baseline non-parametric tests were used, namely 

Kruskal Wallis test for continuous data and Fishers Exact test for binary data.  The assay's 

specified lowest level of detection (LOD) was used as the binary point. For the remaining 

comparisons of variables over time, where possible, a linear mixed-model was fitted using log 

transformations to permit approximation of a normal distribution.  This model included a 
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random effect of the individual as an additional variable as data was considered dependent. 

Due to a high proportion of samples with concentrations at the assay's LOD a linear mixed 

model was not successfully fitted for all cytokines. Fishers exact tests were used for these 

remaining cytokines.  

Statistical analyses were performed with Minitab software version 17; a p-value of less than 

0.05 was taken to be statistically significant. Linear mixed model was fitted in GenStat, 

version 16. 
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5.5 Results 
5.5.1 Clinical features of oral chronic GvHD patients 

Six patients developed oral chronic GvHD. When oral chronic GvHD was present oral 

lichenoid change was the most common clinical presentation; seen to some degree in all 

patients. When present, lichenoid change was most commonly graded as moderate in severity 

and most frequently involved the buccal and labial mucosa (n=4). Erythema was the next 

most common feature of oral chronic GvHD, present in 66.7% (n=4) of patients and was most 

frequently mild in presentation. Ulceration was present in 2 patients with mucoceles the least 

frequent manifestation, observed in only 1 subject. The mean, overall mucosal score using the 

2005 NIH Chronic GvHD Activity Assessment Form A: Clinical Assessment at onset of oral 

chronic GvHD was 4.50 (range 2-10, out of a possible maximum of 15).  

5.5.2 Clinical features of non-oral chronic GvHD patients 

Samples from six age and sex matched patients who developed non-oral chronic GvHD made 

up this comparison group.  In each of these patients chronic GvHD developed 6-9 months 

after transplantation. Three patients had chronic GvHD affecting two organs, the remainder in 

a single organ only. The most common presentations included cutaneous (n=3), followed by 

hepatic (n=2), pulmonary (n=2) and gastrointestinal (n=2) chronic GvHD. As a matter of 

exclusion none of the patients in this group had concurrent oral chronic GvHD.  

5.5.3 Controls 

Control patients comprised of six allogeneic HSCT recipients who did not develop any 

features of chronic GvHD throughout the 9-month study period. 
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5.5.4 Measured cytokine concentrations in all samples 

A panel of 7 chronic inflammatory cytokines were measured in a total of 59 salivary samples 

collected from 3 groups of HSCT recipients. Patients who developed oral chronic GvHD and 

those who developed non-oral chronic GvHD had four sample time points analysed; namely 

pre-transplant samples, Day 100, Day 180 and 270 following HSCT (number of salivary 

samples = 48) however, one subject died prior to collection of the 9-month sample with only 

3 available samples for analysis (number of salivary samples = 47). As described in section 

5.5.5, only the pre-transplant and 9-month samples were analysed for controls (number of 

salivary samples = 12).   

Of the seven cytokines measured, 5 - IL-6, IL-17, INF-γ, TNF and IL-2 - were present in 

concentrations above the assay limit of detection (LOD) in over 50% of samples (Fig. 5.1). 

IL-6 was the most reliably measured; all samples with levels above the assay LOD (2.4 

pg/ml). Mean IL-6 concentration in mouth rinse samples was 72.3 pg/ml (median 15.5 pg/ml, 

range 2.9-809.8 pg/ml). INF-γ was also detectable in most samples (93%, LOD 3.7 pg/ml) 

with a mean of 16.1 pg/ml (median 11.6 pg/ml, range 3.7-65.6 pg/ml) followed by IL-17 

(71%, LOD 18.9 pg/ml) with a mean of 33.7 pg/ml (median 26.6 pg/ml, range 18.9-98.8 

pg/ml). TNF was detectable in 66% of samples (LOD 3.8 pg/ml) with a mean concentration 

of 10.7 pg/ml (median 4.8 pg/ml, range 3.8-122.8 pg/ml). IL-2 was measured above the assay 

LOD (2.6 pg/ml) in 51% of samples; a mean concentration of 4.8 pg/ml (median 2.6 pg/ml, 

range 2.6-21.2 pg/ml).  

The remaining 2 cytokines were detectable at levels above the specified kit LOD in less than 

50% of samples. IL-10 was above the LOD in only 31% of samples (LOD 4.5 pg/ml) with a 

mean concentration of 5.5 pg/ml (median 4.5 pg/ml, range 4.5-15.8 pg/ml) and IL-4 in only 

10 of 59 samples (17%, LOD 4.9 pg/ml), mean concentration 5.2 pg/ml (median 4.9 pg/ml, 

range 4.9-10.0 pg/ml). When cytokine concentrations were recorded at levels below the stated 

level of detection, the lowest limit of detection was used for statistical analysis.
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Figure 5.1: Salivary cytokine concentrations across all analysed samples (n=59) 
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5.5.5 Pre-transplant cytokine profile according to final chronic GvHD status 

Concentrations of cytokines in pre-transplant salivary oral rinse samples were compared 

between disease groups and are described in table 5.1. Patients are grouped according to their 

overall disease status across the study period; namely, patients who developed oral chronic 

GvHD at any time point after transplantation make up the oral chronic GvHD group.  Two 

patients were excluded from baseline analysis as both patients had undergone dental 

extractions within 2 days of sample collection on the presumption that acute mucosal 

inflammation may confound analysis of cytokine concentrations. No further analysis was 

possible for IL-4 as only 2 samples demonstrated levels above the assay LOD. In fact, IL-4 

was consistently measured at levels below assay LOD across all study time points, 

irrespective of disease group. 

The cytokine concentrations pre transplantation are presented according to disease group in 

Figures 5.2, 5.3 and 5.4. IL-10 was either not detectable or present in very low concentrations 

pre-transplantation, however two thirds of patients who went on to develop non-oral chronic 

GvHD exhibited IL-10 levels above LOD pre-transplantation (LOD 4.5 pg/ml) (Figure 5.3). 

Nevertheless, no significant difference was found for the proportion of samples above the 

LOD between groups (p=0.23, Fishers exact test). No other significant differences were 

identified pre-transplantation in the remaining cytokine concentrations between groups 

according to overall chronic GvHD status. 
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Table 5.1: Salivary inflammatory cytokine concentration pre-transplant 

                                                                        Groups 

Cytokine  Oral chronic GvHD Non-oral chronic GvHD Controls  

 Limit Of Detection n > LOD (%) 
mean (SD) 

n > LOD (%) 
mean (SD) 

n > LOD (%) 
mean (SD) p-value 

Number of patients 5# 6 5#  

IL-17A 18.9 pg/ml  
 

4 (80.0) 
25.4 (4.5) 

4 (66.7) 
29.9 (14.4) 

5 (100) 
43.6 (31.5) 0.473 

INF-γ 3.7 pg/ml 
 

4 (80.0) 
11.4 (7.0) 

6 (100) 
17.2 (7.7) 

5 (100) 
29.5 (22.2) 0.176 

TNF 3.8 pg/ml 
 

4 (80.0) 
5.7 (2.6) 

5 (83.3) 
6.4 (2.6) 

2 (40.0) 
4.7 (1.5) 0.271 

IL-10 4.5 pg/ml 
 

1 (20.0) 
4.6 (0.1) 

4 (80.0) 
6.3 (3.2) 

1 (20.0) 
4.6 (0.1) 0.226^ 

IL-6 2.4 pg/ml 
 

5 (100) 
13.2 (3.3) 

5 (100) 
19.3 (13.5) 

5 (100) 
8.1 (4.2) 0.162 

IL-4 4.9 pg/ml 
 

0 
4.9 (0) 

0  
4.9 (0) 

2 (40.0) 
5.8 (1.4) n/a 

IL-2 2.6 pg/ml 
 

4 (80.0) 
4.7 (2.3) 

3 (50.0) 
3.8 (1.7) 

4 (80.0) 
7.1 (5.5) 0.553 

LOD: assay limit of detection  
# n=5 for baseline cytokine analysis for Oral chronic GvHD group and Control group as two patients excluded due to recent dental extractions 
p-value indicate results from Kruskal-Wallis test used for comparison of more than 2 groups for continuous variables unless otherwise specified 
^p-value indicates result from Fisher’s exact test for categorical variables  
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5.5.6 Disease status and associations with salivary cytokine concentrations 

For analysis of disease status and cytokine concentration the presence or absence of disease, 

namely oral and non-oral chronic GvHD, could vary across time for each individual and 

allocation to each disease group was dependent on the disease status at each time point. 

Specifically, patients who developed oral chronic GvHD were allocated to the oral chronic 

GvHD group only over time points when disease was present, assigned to the “no disease” 

group over remaining time points.  

The analyses of TNF, IL-10, IL-4 and IL-2 were considered binary due to a large proportion 

of the samples displaying levels at or below the assay LOD (Figure 5.5). The remaining 

cytokines were continuous, however the data was skewed due to the number of outliers, and 

thus not normally distributed. Log transformations were used for the three remaining 

cytokines; IL-6, INF-γ and IL-17 to permit approximation of a normal distribution for 

parametric analyses.  

5.5.6.1 TNF, IL-10, IL-4 and IL-2  

Fishers exact test was used to analyse TNF, IL-10, IL-4 and IL-2 to compare the proportion of 

samples with a measured concentration above the assay LOD with reference to current 

disease status. Data was compared at each time point after transplantation namely, at Day 

100, Day 180 and 270 (time point 2, 3 and 4 respectively) following HSCT, to account for 

results being dependent, that is, representing repeated measurements from the same patients 

over time.   

TNF was detected at levels above assay LOD in a high proportion of samples when oral 

chronic GvHD was present. This contrasted to the levels recovered in patients with non-oral 

chronic GvHD where concentrations were below assay level of detection in all samples 

(Figure 5.5). This difference was significant at time point 4, patients with oral chronic GvHD 

showing a higher TNF concentration then those with non-oral chronic GvHD (p=0.034) 

(Table 5.2). Of the patients with no chronic GvHD at time point 4, 50% (n=5) had TNF levels 

above the assay LOD but this was not significantly different to the oral chronic GvHD group. 

No significant differences were seen at time point 2 or 3.  
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When present at levels above assay LOD IL-10 was most consistently seen in oral chronic 

GvHD patients, however no significant difference was seen with reference to disease status at 

any time point (Table 5.2). IL-2 was present above assay LOD in the majority (75%) of 

patients without chronic GvHD at time point 4 compared to all other patients (Figure 5.5) 

however no significant difference was seen at any time point. IL-4 was below the assay LOD 

in the majority of patients after transplant (Figure 5.5). No significant difference was 

identified at any time points with reference of disease status (Table 5.2).

Figure 5.5 Proportion of samples with cytokine level above limit of detection according to disease status 

  TNF      IL-10 

  IL-4     IL-2 

2          3                  4  2          3                   4 

Time point 

Where 1.00 indicated 100% of samples had values above the assay limit of detection and so on 
LOD: limit of detection 

Proportion 
of samples 
> LOD 
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5.5.6.2 IL-17, INF-γ and IL-6  

A linear mixed-model was applied to assess the effect of disease status on salivary mouth 

rinse cytokine concentrations for IL-17, INF-γ and IL-6. The individual patient was selected 

as a random effect as data was considered dependent. Data from time points 2, 3 and 4 were 

considered, that is, data collected after transplantation (Days 100, 180 and 270). Log 

transformations were used and output is expressed in Tables 5.3, 5.4 and 5.5. Estimates 

represent the difference in the means of the log transformed variables. 

Significant estimated differences and the associated predicted means are then expressed in the 

text below in an untransformed form. The value estimated by un-transforming the log mean is 

a geometric mean, this is known to always be less than the mean of the raw data (Bland and 

Altman 1996). Untransformed estimated differences describe the ratio of means in the two 

compared groups. 

Table 5.2 Proportion of samples with cytokine levels above LOD according to disease status 

Time point  No disease Non-oral disease Oral disease p-value 

2 Cytokine (patients >LOD, %)    
Number of patients 10 0 2  

 TNF 9 (90) 0 2 (100) 1.00 
 IL-10 3 (30) 0 0 1.00 
 IL-4 1 (10) 0 0 1.00 
 IL-2 4 (40) 0 0 0.52 

3 Cytokine (patients >LOD, %)    

Number of patients 4 3 5  
 TNF 2 (50) 0 4 (80) 0.13 
 IL-10 1 (25) 0 1 (20) 1.00 
 IL-4 1(25) 1 (33) 0 0.47 
 IL-2 2 (50) 1 (33) 1 (20) 0.76 

4 Cytokine (patients >LOD, %)    

Number of patients 10 3 4  
 TNF 5 (50) 0 4 (100)  0.03* 

 IL-10 2 (20) 0 3 (75) 0.09 
 IL-4 3 (30) 1 (33) 0 0.57 
 IL-2 7 (70) 1 (33) 0 0.06 

LOD: assay limit of detection for particular cytokine 
p-value indicates result from Fisher’s exact test for categorical variables, LOD used as binary point 
* p-value <0.05 
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Chronic GvHD status after transplantation was shown to be significantly associated with log 

IL-17 concentrations within the mouth rinse samples of patients (p=0.013). Pairwise 

comparisons identified a significant negative difference in mean log IL-17 concentrations 

between patients with oral chronic GvHD versus those with no chronic GvHD.  Patients with 

oral chronic GvHD demonstrated significant less salivary mouth rinse IL-17 levels (mean 

22.53 pg/ml) when compared to patients who had no chronic GvHD (mean 34.47 pg/ml) in a 

ratio of 13:20 (0.65). No significant difference was identified between patients with oral 

chronic GvHD and those with non-oral chronic GvHD.  

Table 5.3. Results from linear mixed-model for Log IL-17 according to current disease status 

Interaction model 
   

Outcome F df p-value 

 4.98 2, 31.6  0.01* 

Predicted means 

Log IL-17 No disease Non-oral disease Oral disease 

  3.54 3.19 3.12 

Pairwise comparisons with estimate of difference between disease groups  

Group comparison Estimate 95% CI 

Oral versus non oral -0.07 -0.52, 0.37 
Oral versus no disease -0.43 -0.74, -0.11# 

Non oral versus no disease -0.35 -0.72, 0.01 

* p-value <0.05 # significant pairwise comparison 

 

Significantly increased levels of IL-6 concentrations in salivary mouth rinse samples were 

observed in patients with oral chronic GvHD status (p=0.007) (Table 5.4). Pairwise 

comparisons identified a significant difference between patients with oral chronic GvHD and 

both those with non-oral disease and controls. Specifically, patients with oral chronic GvHD 

demonstrated a significantly raised IL-6 concentration (mean 52.04 pg/ml) compared to 

patients with non-oral disease (mean 11.86 pg/ml), a ratio of 4.39 (CI 1.42, 13.60). Patients 

with no chronic GvHD also had significantly less IL-6 with a mean concentration of 14.53 

pg/ml with the ratio of means 3.58 (CI 1.60, 8.00). No significant difference was seen 

between IL-6 levels in patients with non-oral chronic GvHD and controls.  
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Table 5.4. Results from linear mixed-model for Log IL-6 according to current disease status 

Interaction model 
   

Outcome F df p-value 

 
5.81 2, 32.9  0.007* 

Predicted means 

Log IL-6 No disease Non-oral disease Oral disease 

  2.68 2.47 3.95 

Pairwise comparisons with estimate of difference between disease groups  

Group comparison Estimate 95% CI 

Oral- non oral 1.48 0.35, 2.61# 

Oral- no disease 1.28 0.47, 2.08# 

Non oral- no disease -0.20 -1.17, 0.77 
* p-value <0.05 # significant pairwise comparison 

 



 148 

Following transplantation, measured levels of INF-γ in the saliva of HSCT patients was 

significantly associated with chronic GvHD disease status (p=0.015) (table 5.5). Pairwise 

comparison demonstrated significantly lower levels of INF-γ in the mouth rinse samples of 

patients with oral chronic GvHD (mean 6.09 pg/ml) when compared to patients without 

chronic GvHD (13.24 pg/ml), a ratio of 0.46 for differences of means between groups.   

 

Table 5.5 Results from linear mixed-model for Log INF-γ according to current disease status 

Interaction model 
   

 F df p-value 

Outcome 4.82 2, 31.8  0.015* 

Predicted means 

Log INF-γ No disease Non-oral disease Oral disease 

  2.58 2.35 1.81 

Pairwise comparisons with estimate of difference between disease groups   
Group comparison Estimate 95% CI 

Oral- non oral -0.54 -1.25, 0.17 

Oral- no disease -0.78 -1.29, -0.27# 

Non oral- no disease -0.23 -0.86, 0.39 

* p-value <0.05 # significant pairwise comparison 

5.5.7 Correlation between clinical features and cytokine level  

The concentrations of cytokines IL-17, IL-6, and IFN-γ in salivary mouth rinse samples after 

transplantation were assessed using a linear mixed model with the individual patient as a 

random effect and the clinical features of ulceration, erythema and lichenoid change 

considered as fixed effects. Again, log transformations were used to permit approximation of 

a normal distribution for parametric analyses. Significant estimated differences and the 

associated predicted means are expressed in the text below in an untransformed form 

(geometric mean). 

The post-transplant concentration of both log IL-17 and log IFN-γ were found to be 

significantly reduced when lichenoid mucosal change was present (p=0.02, p=0.01 

respectively) (Tables 5.6, 5.7).  When lichenoid change was present a mean concentration for 

IL-17 of 22.65 pg/ml and 6.49 pg/ml for IFN-γ was measured. This was significantly lower 

than the levels recovered from patients who did not demonstrated lichenoid features (36.23 

pg/ml 16.28 pg/ml respectively).  
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Table 5.6. Linear mixed-model for Log IL-17 and the clinical features of oral chronic GvHD 

Interaction model factor F df p-value 
                      Erythema 0.71 1, 34.3 0.41 
            Lichenoid 5.52 1, 36.9 0.02* 

                       Ulceration 2.67 1, 34.4 0.11 
Predicted means 

 Present  Absent  

Oral disease 

 Erythema 3.24 3.47 
 Lichenoid 3.12 3.59 
 Ulceration 3.58 3.13 

Pairwise comparison of each clinical feature  
Group comparison Estimate 95% CI 

Erythema present versus absent -0.23 -0.79, 0.33 

Lichenoid present versus absent -0.47 -0.87, -0.06# 

Ulceration present versus absent 0.45 -0.12, 1.01 
* p-value <0.05 # significant pairwise comparison 

 

Table 5.7. Linear mixed-model for Log IFN-γ and the clinical features of oral chronic GvHD 

Interaction model Factor F df p-value 
                      Erythema 0.12 1, 34.7 0.74 
            Lichenoid 8.39 1, 36.8 0.01* 

                       Ulceration 0.64 1, 34.7 0.43 

Predicted means 
 Present  Absent  

Oral disease 
 Erythema 2.40 2.26 
 Lichenoid 1.87 2.79 
 Ulceration 2.51 2.15 

Pairwise comparison of each clinical feature  
Group comparison Estimate 95% CI 

Erythema present versus absent 0.15 -0.74, 1.04 

Lichenoid present versus absent -0.92 -1.56, -0.28# 

Ulceration present versus absent -0.54 -0.12, 1.24 
* p-value <0.05 # significant pairwise comparison 
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Erythema and ulceration were both significantly associated with higher levels of IL-6 

(p<0.001, p=0.003 respectively) (Table 5.8). When erythema was present mean IL-6 

concentration was 212.71 pg/ml compared to 29.37 pg/ml when absent. When ulceration was 

present mean IL-6 concentration was 167.34 pg/ml compared to 37.34 pg/ml when absent. 

There was no association between oral lichenoid change and log IL-6. 

Table 5.8. Linear mixed-model for Log IL-6 and the clinical features of oral chronic GvHD 

Interaction model factor F df p-value 

                      Erythema 19.52 1, 25.4 <0.001* 

            Lichenoid 0.03 1, 30.0 0.87 

                       Ulceration 11.14 1, 25.4 0.003* 

Predicted means 

 Present  Absent  

Oral disease 

 Erythema 5.36 3.38 
 Lichenoid 4.34 4.39 
 Ulceration 5.12 3.62 

Pairwise comparison of each clinical feature  
Group comparison Estimate 95% CI 

Erythema present versus absent 1.98 1.06, 2.89# 

Lichenoid present versus absent -0.06 -0.76, 0.65 

Ulceration present versus absent 1.49 0.57, 2.41# 

* p-value <0.05 # significant pairwise comparison 

 

A linear mixed model could not be fitted for the remaining cytokines due to both the high 

proportion of same values with many samples at, or below, the assays LOD, as well as the 

small numbers of patients with the clinical outcome of interest. Thus, the remaining cytokines 

could not be analysed further.
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5.5.8 Patient symptom's, oral-health QoL and level of cytokines 

Scatterplots (Figure 5.6) were completed for log IL-17, log IL-6 and log IFN-γ in relation to 

each of the 5 clinical measures collected across the study period, namely; VAS scores for oral 

pain, sensitivity, dryness; OHIP; and XI scores. Statistical analysis of both IL-17 and IFN-γ 

showed no discernable relationship and therefor no further analysis was undertaken. A formal 

analysis of log IL-6 was conducted in order to estimate the strength of relationship between 

the variables. The individual patient was used as a random effect to account for the multiple 

observations per patient in the data set and all time points were considered.  

Figure 5.6 Scatterplots of Log IL-17 and IFN with reference to symptom scores 
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5.5.8.1 Log IL-6 

A linear mixed model was fitted for log IL-6 with the explanatory variables of VAS oral 

dryness, mouth pain, mouth sensitivity, OHIP and XI scores. Log IL-6 results are outlined in 

table 5.9 and are now discussed in the untransformed antilog format, namely, geometric group 

means. 

 

The largest effect was seen with VAS oral pain scores with a mean increase in the log IL-6 of 

0.35 for every 1-point increase in symptom scoring; an increase of 0.35 on the log scale 

corresponding to an increase of 1.42 pg/ml on the original scale (CI 1.27, 1.58, p<0.001). 

Significant associations were also seen with the remaining symptoms scales. A mean increase 

in the log IL-6 of 0.29 for each point increase in scoring which can also be described as an 

increase of 1.34 pg/ml on the original scale (CI 1.22, 1.49, p<0.001). Oral dryness showed a 

mean increase of 0.11 on the log scale, an increase of 1.12 pg/ml for each increase in VAS 

scoring (CI 1.02, 1.24, p=0.03) and an increase of 0.05 in log IL-6 was identified with each 

point increase in OHIP scoring, this corresponding to 1.05 pg/ml on the original scale (CI 

1.02, 1.09, p=0.004). Lastly, as XI scoring rose the log IL-6 concentration increased by 0.04, 

that is 1.04 pg/ml (CI 1.01, 1.08, p=0.014).  
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Figure 5.7 Scatterplot of Log IL-6 with reference to symptom scores 
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5.5.8.2 TNF, IL-10, IL-4 and IL-2 

 For the remaining cytokines the significant number of samples having values at the assay 

LOD data meant that data required conversion to a binary outcome, namely, the proportion of 

samples above and below the assay LOD. A generalised linear mixed model was then fitted 

with the individual patient as a random effect and with each outcome measure considered 

independently as an explanatory variable.  

For TNF a significant association was seen with VAS mouth sensitivity scores, 1.65 the 

estimate of the odds ratio indicating the change in odds of detecting TNF at levels above the 

LOD with each one point change in sensitivity score (p=0.043). No significant associations 

were seen for VAS dryness, OHIP or XI scores. VAS mouth pain could not be analysed 

further due to minimal variability and small patient numbers in the group who had assay 

levels below the LOD.   

Table 5.9 Linear mixed-model for Log IL-6 and oral symptom scores 

Interaction model 
   

Explanatory variable F df p-value 

          VAS Oral dryness 5.29 1, 54.4 0.025* 

 Oral pain 42.36 1, 52.3 <0.001* 

            Oral sensitivity 38.38 1, 48.1 <0.001* 

                     Oral health impact profile score 8.82 1, 54.4 0.004* 

                     Xerostomia Inventory score 6.6 1, 42.4 0.014* 

Estimate difference 
 Estimate  95% confidence interval 

VAS Oral dryness 0.11 0.02, 0.21 

 Oral pain 0.35 0.24, 0.46 

 Oral sensitivity 0.29 0.20, 0.39 

                    Oral health impact profile score 0.05 0.02, 0.09 

              Xerostomia Inventory score 0.04 0.01, 0.08 
* p-value <0.05  
Estimates and confidence intervals expressed for log IL-6 
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Table 5.10 Linear mixed-model for TNF and oral symptom scores 

Interaction model 
   

Explanatory variable F df p-value 

          VAS Oral dryness 0.59 1, 53.4 0.45 

            Oral sensitivity 4.30 1, 51.7 0.04* 

                     Oral health impact profile score 0.54 1, 54.4 0.47 

                     Xerostomia Inventory score 0.39 1, 44.6 0.54 

Estimate difference 
 Estimate  95% confidence interval 

VAS Oral dryness 1.09 0.87, 1.35 

 Oral sensitivity 1.65 1.02, 2.67* 

                    Oral health impact profile score 1.03 0.95, 1.12 

              Xerostomia Inventory score 1.02 0.95, 1.10 
* p-value <0.05  
Estimates and confidence intervals for TNF expressed for each one point change in the explanatory variable 
 

Mouth sensitivity was also significantly associated with IL-10 (Table 5.11). The estimate of 

the odds ratio was 1.30, indicating the change in odds of detecting IL-10 at levels above assay 

LOD for each point change in sensitivity scoring (p=0.048) 

Table 5.11 Linear mixed-model for IL-10 and oral symptom scores 

Interaction model 
   

Explanatory variable F df p-value 

          VAS Oral dryness 0.04 1, 54.8 0.83 

 Oral pain 1.47 1, 51.2 0.23 

            Oral sensitivity 4.12 1, 50.7 0.05* 

                     Oral health impact profile score 0.01 1, 54.7 0.91 

                     Xerostomia Inventory score 0.05 1, 49.2 0.83 

Estimate difference 
 Estimate  95% confidence interval 

VAS Oral dryness 0.98 0.79, 1.21 

 Oral pain 1.18 0.90, 1.55 

 Oral sensitivity 1.30 1.00, 1.70* 

                    Oral health impact profile score 1.00 0.92, 1.07 

              Xerostomia Inventory score 0.99 0.92, 1.07 
* p-value <0.05  
Estimates and confidence intervals for IL-10 expressed for each one point change in the explanatory variable 
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Analysis was not possible for IL-4 and VAS mouth path and sensitivity as there were few 

patients who had levels IL-4 measured above the LOD and within this group there was no 

variability in scoring, all patients who had IL-4 above assay LOD scoring zero. No significant 

association was seen between the remaining symptom scores and IL-4 (Table 5.12) 

Table 5.12 Linear mixed-model for IL-4 and oral symptom scores 

Interaction model 
   

Explanatory variable F df p-value 

          VAS Oral dryness 0.97 1, 47.5 0.33 

                     Oral health impact profile score 2.13 1, 55.0 0.15 

                     Xerostomia Inventory score 0 1, 40.9 0.98 

Estimate difference 
 Estimate  95% confidence interval 

VAS Oral dryness 0.87 0.66, 1.16 

                    Oral health impact profile score 0.90 0.78, 1.04 

              Xerostomia Inventory score 1.00 0.92, 1.09 
* p-value <0.05  
Estimates and confidence intervals for IL-4 expressed for each one point change in the explanatory variable 
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IL-2 showed a significant association with all symptom measures except for VAS mouth pain 

(p=0.07). IL-2 was significantly associated with both VAS oral dryness and sensitivity 

(p=0.02, p=0.04 respectively). The estimate of the odds ratios were 0.76 and 0.72 

respectively, indicating the change in odds of detecting IL-2 at levels above assay LOD for 

each point change in scoring (Table 5.12). OHIP scoring was also associated with IL-2, the 

estimated odds ratio 0.85 (p=0.01). The XI scoring was also significantly associated with IL-2 

detected with an estimated odds ratio of 0.91 (p=0.02).  

 
Table 5.13 Linear mixed-model for IL-2 and oral symptom scores 

Interaction model 
   

Explanatory variable F df p-value 

          VAS Oral dryness 6.26 1, 50.4 0.02* 

 Oral pain 3.27 1, 51.6 0.08 

            Oral sensitivity 4.34 1, 54.1 0.04* 

                     Oral health impact profile score 7.38 1, 51.1 0.01* 

                     Xerostomia Inventory score 6.43 1, 43.3 0.02* 

Estimate difference 
 Estimate  95% confidence interval 

VAS Oral dryness 0.76 0.61, 0.95* 

 Oral pain 0.59 0.33, 1.06 

 Oral sensitivity 0.72 0.52, 0.99* 

                    Oral health impact profile score 0.85 0.75, 0.96* 

              Xerostomia Inventory score 0.91 0.85, 0.98* 

* p-value <0.05  
Estimates and confidence intervals for IL-2 expressed for each one point change in the explanatory variable 
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5.6 Discussion 

This study examined the association between inflammatory cytokines recovered from the 

saliva of patients who had undergone HSCT and the presence, severity and clinical impact of 

oral chronic GvHD. While increased concentrations of IL-6, IL-1β, IL-1α, TNF-α and 

soluble B cell activating factor (sBAFF) in serum appear to be of value in the diagnosis and 

grading of chronic (non-oral, extensive) GvHD (Bazzichi, Rossi et al. 2007, Sarantopolous, 

Stevenson et al. 2007, Baird and Montine 2008, Fujii, Cuvelier et al. 2008) there is limited 

data on the utility of oral cytokine levels in the diagnosis and evaluation of oral chronic 

GvHD. Further, what data there is has been drawn from a small number of studies and 

extrapolated from the findings of studies done in patients with other, more common, mucosal 

conditions which resemble oral chronic GvHD, such as oral lichen planus (Gu, Martin et al. 

2004, Rhodus, Cheng et al. 2005, Zhang, Lin et al. 2008, Fall-Dickson, Mitchell et al. 2010). 

In this study our analysis showed a significant association with a local rise in IL-6 and TNF 

and a reduction in IL-17 and IFN-γ in the mouth rinse samples of patients diagnosed with oral 

chronic GvHD when compared to HSCT patients who had no chronic GvHD. This is 

consistent with the study by Fall-Dickson et al who demonstrated a positive correlation 

between increased IL-6 and oral chronic GvHD in submandibular/sublingual saliva (Fall-

Dickson, Mitchell et al. 2010). 

The association between levels of IL-6 in saliva and oral chronic GvHD is unsurprising as IL-

6 is synthesized in a response to a number of stimuli such as infection and trauma and 

produced by a wide range of cells is a multifunctional cytokine which stimulates and 

moderates a number of biologic processes including activation of T cells, B cell 

differentiation and antibody production central in autoimmune and inflammatory conditions 

such as chronic GvHD and other oral diseases (Nibali, Fedele et al. 2012). For this reason, IL-

6 has been studied in many oral diseases including periodontitis (Costa, Trevisan et al. 2010, 

Shimada, Komatsu et al. 2010), recurrent aphthous stomatitis (Lachmann, Quartier et al. 

2011) and Sjögren’s syndrome (Roescher, Tak et al. 2009). Most interestingly, increased 

levels of salivary IL-6 concentrations have been found in patients with oral lichen planus - a 

condition which closely resembles GvHD both in its clinical spectrum and histologically (Gu, 

Martin et al. 2004, Sato, Tokuda et al. 2006, Zhang, Lin et al. 2008). The findings of this 

research suggest that salivary concentrations of IL-6 are reflective of the local inflammatory 
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response that characterises oral chronic GvHD and add support for further research into the 

utility of oral IL-6 as a biomarker for the diagnosis and management of oral chronic GvHD.   

It is particularly noteworthy that our results demonstrated a highly significant association 

between salivary levels of IL-6 and the presence of mucosal ulceration or erythema occurring 

in the setting of oral chronic GvHD. The mean concentration of IL-6 rose from 29.4 pg/ml to 

212.7 pg/ml when erythema was present and from 37.3 pg/ml to 167.3 pg/ml when ulceration 

was seen with similar associations reported by others in both oral chronic GvHD and OLP 

(Gu, Martin et al. 2004, Zhang, Lin et al. 2008, Fall-Dickson, Mitchell et al. 2010). This is an 

important finding as it is generally believed that the symptoms of oral mucosal chronic GvHD 

are secondary to the atrophic and erosive components of the disease, with patients with a 

purely lichenoid presentation generally experiencing little or no pain, and so the association of 

IL-6 with the presence of erythema and ulceration provides the prospect of IL-6 being used as 

a potential target for therapy and also as a key marker of disease and symptom control.  

The results of this study also suggest that salivary cytokine levels may be associated not 

simply with the presence of oral chronic GvHD but also with its severity and with its impact 

upon the quality of life of HSCT recipients. The detrimental impact of chronic GvHD on 

overall QoL is well established, with chronic GvHD being the main determinant of quality of 

life experienced by long-term survivors of HSCT (Lee, Kim et al. 2006, Pidala, Kurland et al. 

2011). Less data exists regarding the impact that oral chronic GvHD has on QoL and even 

less on whether there is any correlation between QoL and salivary biomarkers. Fall-Dickson 

et al examined the saliva of 29 oral chronic GvHD patients for correlations between IL-1α and 

IL-6 with VAS symptom scores and QoL using the Functional Assessment of Cancer Therapy 

(FACT) scale (Cella, Tulsky et al. 1993). No significant associations were seen with salivary 

IL-6 however raised IL-1α was associated with the presence of oral dryness (Fall-Dickson, 

Mitchell et al. 2010). While IL-1α was not evaluated in our study, significant associations 

were found between IL-6 levels and both QoL scores and other symptom measures across the 

study period. The largest effect was seen with oral pain scores with a mean increase in IL-6 of 

1.42 pg/ml with each point increase on the VAS scale. Significant increases in IL-6 were also 

associated with worsening oral-health related QoL scores and xerostomia scores (XI). The 

finding of an association between the symptoms of oral chronic GvHD and oral-health related 

QoL with higher IL-6 concentration are of considerable interest and warrant further 

exploration in a larger study.  
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Finally, certain cytokines within the panel tested were measured at levels below the assay's 

LOD in the majority of samples, specifically TNF, IL-10, IL-4 and IL-2. Analysis of these 

cytokines was at times not possible for this reason. It is important to note that the ability to 

detect significant associations was likely compromised due to reduced variability in data as a 

result of numerous samples showing LOD values combined with the small group sizes 

generated at certain time points post transplant. Namely, patients were allocated to disease 

groups based on the disease status at each time point. The majority of patients with both oral 

and non-oral chronic GvHD developed these diagnoses over time point 3 and 4 meaning 

patient numbers were often small in the “no disease” group. The ability of this study to 

identify all significant findings for the above mentioned cytokines needs to be interpreted 

with caution for these reasons. Validation would be ideal in a larger study to allow for greater 

patient numbers in each disease group across time.  

5.7 Conclusion  

This study has demonstrated a positive association between oral chronic GvHD and salivary 

IL-6 and TNF and a negative trend with salivary IL-17 and IFN. These findings support the 

hypothesis that a unique cytokine profile is present in the saliva of patients who develop oral 

chronic GvHD and that IL-6 may be reflective of both the symptom profile and clinical 

presentation of oral chronic GvHD. While generalisation of these results is limited by the 

small sample size these findings provide the basis for further study in larger studies and with 

longer periods of follow up. Should these findings be replicated in other research this may 

provide the basis for investigation of the utility of specific therapies targeted at IL-6 in the 

management of oral chronic GvHD as an adjunct or alternative to the use of systemic 

immunosuppression. 
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Chapter 6: GENE EXPRESSION OF IL-6 WITHIN CELLULAR 

PHASE OF ORAL RINSES	
6.1 Abstract  

 A significant increase in IL-6 concentration in saliva has been shown to be associated with 

oral chronic GvHD compared to both patients with non-oral chronic GvHD and no disease 

(p=0.007); discussed in chapter 5. Further analysis, via real-time polymerase chain reaction 

(RT-PCR), of IL-6 gene expression in the associated salivary cell pellet aimed to establish 

whether production of this inflammatory cytokine was from the local environment when the 

patient was suffering from oral chronic GvHD and to establish that a suitable quantity and 

quality of RNA could be extracted from the cell pellet of oral rinse samples. The results of 

this study demonstrated a significant positive correlation between IL-6 gene expression in the 

cellular phase of oral rinse samples and the measured salivary cytokine level (p=0.035) when 

measured at 9-months after transplantation. These findings suggest that RNA extraction is 

possible from the cell pellet of oral rinse samples and this is of suitable quantity for 

downstream applications. Further, local production of IL-6 seems likely and correlates with 

the measured levels of IL-6 in the local oral fluid. 

6.2 Introduction 

Whole saliva is a complex biological fluid, comprised of proteins excreted from the major 

salivary glands and numerous minor salivary glands scattered throughout the oral cavity in 

combination with both secreted and non-secreted proteins produced by mucosal, periodontal 

and immune cells that reside in the mouth. Non-host derived constituents include food debris 

along with microorganisms and their products (Wong 2008). Blood plasma proteins are also 

found in saliva, thought to arise from both active and passive cellular diffusion, extracellular 

filtration and via the gingival crevice (Spielmann and Wong 2011). Accordingly the protein 

and non-protein composition of saliva is a reflection of both local and systemic (serum) 

derived sources. 

The available literature specific to oral chronic GvHD is limited however, preliminary 

findings on oral chronic GvHD have shown increased gene expression of key inflammatory 

cytokines in locally affected tissues (Imanguli, Swaim et al. 2009, Hayashida, Nakamura et al. 
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2013). In oral chronic GvHD both oral mucosal disease and salivary tissue damage has been 

shown to be associated with changes in the gene expression of various pro-inflammatory 

cytokines within the affected tissue. Hayashida et al found increased mRNA expression of 

Th1 cytokines such as IL-2 and IFN-γ in the buccal mucosa and labial salivary glands of oral 

chronic GvHD affected tissue. These findings were not duplicated when PBMC were 

analysed from the same patients, supporting local production of the cytokines analysed 

(Hayashida, Nakamura et al. 2013). Imanguli et al demonstrated increased expression of IL-

15 and IFN-γ within the infiltrating cells and keratinocytes of affected oral mucosa in chronic 

GvHD (Imanguli, Swaim et al. 2009). The purpose of this study was to determine whether 

RNA or suitable quality and quantity could be extracted from the associated cell pellet from 

oral rinse samples and to investigate if, via real-time polymerase chain reaction (RT-PCR), 

IL-6 gene expression was increased within the cell pellet of patients who had current oral 

chronic GvHD and hence to establish if production of this cytokine was from the local 

environment.  

6.3 Hypothesis and aims of the study  

The hypotheses of the study were that: 

1. RNA is present and measurable in the cellular phase of saliva 

2.  Increased IL-6 concentration in saliva corresponds to increased gene expression 

within the cellular phase of saliva 

The aims of the present study were: 

1.   To measure the gene expression of IL-6 in the associated salivary cell pellet of 

patients with, and without, oral chronic GvHD.  

2.  To assess the correlation between salivary IL-6 cytokine concentration in patients 

suffering from oral chronic GvHD and the gene expression of IL-6 in the associated 

salivary cell pellet. 
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6.4 Methodology 

The salivary mouth rinse samples and associated cell pellet that corresponded to the specified 

cohort of patients described in Chapter 5 (section 5.5.5) were utilised in this study arm. 

Specifically, all available time point samples belonging to the 6 patients who developed oral 

chronic GvHD within the 9-month study period plus, for comparison, samples from six 

subjects who developed non-oral chronic GvHD who were matched for age and sex. Six age 

and sex matched controls comprised of allogeneic HSCT subjects who did not develop any 

chronic GvHD within the study period were also included. Baseline and time point 4 (9-

month) samples were used for the control group. The diagnosis of oral chronic GvHD was 

based on the diagnostic features described in the NIH consensus document (Filipovich, 

Weisdorf et al. 2005). Exclusion criteria were as described in sections 2.2.3, and 5.5.5.  

Data acquired on IL-6 concentrations (pg/ml) from the BD™ cytometric bead array (CBA) 

(human Th1/Th2/Th17 cytokine kit, catalogue 5600484) performed on the salivary mouth 

rinse samples outlined above, was used in this study (general methods section 2.2.11) in 

combination with new data obtained from analysis of the accompanying cell pellets. When 

cytokine concentrations were recorded at levels below the stated level of detection for the 

CBA assay kit used, the lowest limit of detection was used for statistical analysis. 

6.4.1 Isolation of RNA in salivary cell pellet for downstream application 

6.4.1.1 Sample selection  

Salivary cell pellets corresponding to the allogeneic HSCT patients and time points described 

in section 5.5.4 were utilised for RT-PCR. That is, subjects who 

1. Group 1: developed oral chronic GvHD (n=6) 

2. Group 2: developed non-oral chronic GvHD (n=6) 

3. Controls: did not develop any GvHD within the study period (n=6) 

For Groups 1 and 2 cell pellets corresponding to all study time points were analysed. Cell 

pellets associated with baseline and 9 month time points were studied (time point 1 and 4) for 

the control group. All samples were run in triplicate. As described in 2.2.8 all cell pellets had 

been stored in 1 ml of RNA fixative TRIzol at -800 C. 
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6.4.1.2 Isolation of total RNA using PureLink®  RNA mini kit 

At the time of analysis all cell pellet aliquots were thawed at room temperature. Analysis was 

performed using the PureLink® RNA Mini Kit (Ambion® by Life Technologies, catalogue 

12183018A) for suspended cells according to manufacturers instructions (section 2.2.12.1). 

Resultant purified RNA was stored at -800C. 

6.4.1.3 One-step Real-time polymerase chain reaction 

TaqMan® RNA-to-CT 
TM 1-Step Kit was used (Life Technologies, catalogue 4392938) 

combined with TaqMan® Gene Expression Assay for IL-6 (Life Technologies, assay ID 

Hs00985639_m1) according to manufacturers instructions. CDKN1A TaqMan® Gene 

Expression Assay was used as a housekeeping gene (Life Technologies, catalogue 4331182). 

Context sequence, namely, the probe binding was TCAGCCCTGAGAAAGGAGACATGTA 

(as provided by the manufacturer).  

Data were acquired using the real-time PCR ABI PRISM 7900HT Sequence Detection 

System (Applied Biosystems). Samples were run in triplicate and analysis of data was via the 

SDS software. Sample results were disregarded if a comparative threshold (CT) was not 

determined in duplicate as a minimum.  

The protocol was approved by the Human Research Ethics Committee at each site (Alfred 

Hospital project number 113/12 and Royal Melbourne Hospital project number 2011.090) 

with all subjects providing written informed consent. 

6.4.2 Statistical methods 

Statistical analyses were performed with Minitab software version 17; a p-value of less than 

0.05 was taken to be statistically significant. Linear mixed model was fitted using GenStat 

(Version 16). 

6.4.2.1 The Comparative CT Method used for Relative Quantification 

Analysis of qPCR data was via the Comparative CT Method (ΔΔCT method) which differs 

from the Relative Standard Curve method by using arithmetic formulas to achieve the result 

for relative quantification. The amount of target gene (IL-6) is normalised to an endogenous 
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reference gene, in this instance CDKN1A house keeping gene, and expression is then 

considered as a fold change relative to the expression in a calibrator sample where a result of 

one means no relative change against the calibrator. 

Arithmetic Formula:  

2-ΔΔCT 

ΔΔCt = ΔCT (sample) - ΔCT (calibrator), and where 

ΔCT  = CT target gene (IL-6) - CT housekeeping gene (CKDN1A) 

 

In the following ΔΔCT calculations the “calibrator sample” value (ΔCT (calibrator)) was 

derived from time point 1 data (baseline) connected with the control patient that most closely 

approximated the mean for all controls (Table 6.1, identifier 14).  

  

Using the ΔΔCt formula stated above the calculation of the calibrator value used for the 

following calculations was as follows: 

ΔCT (calibrator) = Mean CT target gene (IL-6) - CT housekeeping gene (CKDN1A)  

    = 27.87 – 25.29 

    = 2.58 

Log transformations were used for both the salivary concentration of IL-6 and IL-6 gene 

expression ratio to permit approximation of a normal distribution of the data.  A linear mixed-

model was fitted for the log of IL-6 expression. This model included a random effect of the 

Table 6.1 IL-6 gene expression at Baseline (time point 1) in control samples 

Identifier CT replicates Mean (+/- SD) 

11 30.75 31.45 32.34 31.51 (0.80) 
14* 

27.84 27.58 28.19 27.87 (0.31) 

26 26.52 17.85 26.34 23.57 (4.95) 

54 28.47 28.72 28.57 28.58 (0.13) 

23 27.42 25.00 25.08 25.83 (1.38) 

37 n/a # n/a 

 Overall mean 27.47 (3.39) 
# CT replicates not listed for patient 37 as PCR output not obtained for minimum of 2 replicates 
* patient 14 selected as calibrator sample 
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individual as an additional variable as data was considered dependent. For salivary IL-6 

concentrations, when the levels measured were below the stated level of detection for the 

CBA assay kit, the lowest limit of detection (LOD) was used for statistical analysis.  
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6.5 Results 

Raw data and calculation of ΔΔCt value are outlined in Table 6.2, 6.3 and 6.4.  

Table 6.2 Gene expression of IL-6 and CKDN1 at time point 1 according to final disease status 

Identifier 
CT replicate mean 

(+/- SD) 
ΔCT (+/- SD) 

{CT (IL-6) - CT (CKDN1)} 

ΔΔCT 
{CT (sample) – 
CT (calibrator)} 

Expression 
ratio 
{2-

ΔΔ
Ct} 

 IL-6 CKDN1  

Time point 1: pre-transplant  

Oral GvHD Group     

1 33.07 (2.75) 25.53 (0.02) 7.54 (2.75) 4.96 0.01 

7 29.99 (0.51) 27.57 (1.15) 2.42 (1.26) -0.16 1.17 

13 27.56 (0.67) 25.64 (0.27) 1.93 (0.72) -0.65 1.92 

16 32.93 (1.94) 31.73 (0.22) 1.19 (1.95) -1.39 4.00 

32 35.02 (0.75) 26.01 (2.29) 9.01 (2.41) 6.43 0.00 

41 24.71 (0.19) 25.01 (0.92) -0.29 (1.50) -2.87 17.66* 

Non-oral GvHD Group     

21 24.24 (0.37) 23.91 (0.59) 0.34 (0.70) -2.25 9.44 

25 32.27 (0.44) 30.33 (0.14) 1.95 (0.46) -0.63 1.88 

38 30.43 (0.75) 24.96 (0.70) 5.47 (1.03) 2.89 0.06 

51 28.72 (0.45) 25.82 (0.23) 2.90 (0.50) 0.32 0.73 

53 26.39 (0.53) 24.28 (0.49) 2.11 (0.72) -0.47 1.60 

56 26.11 (1.12) 27.36 (0.62) -1.25 (1.28) -3.83 45.92 

No GvHD Group     

11 31.51 (0.80) 28.92 (0.20) 2.59 (0.82) 0.01 0.99 

14 27.87 (0.31) 25.29 (0.46) 2.58 (0.55) 0.00 1.00 

23 25.83 (1.38) 27.87 (1.39) -2.03 (1.96) -4.61 100.71* 

26 23.57 (4.95) 22.63 (3.03) 0.94 (5.80) -1.64 5.18 

37 n/a # 31.59 (4.92) - - - 

54 28.58 (0.13) 27.13 (0.17) 1.45 (0.21) -1.13 3.08 

# CT calculations not possible when PCR output not obtained for minimum of 2 replicates 
* patient 23 and 41 baseline data is excluded from further calculations due to recent dental extractions 
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Table 6.3 Gene expression at time point 2 and 3 according to disease status at current time point 

Identifier CT replicate mean 
(+/- SD) 

ΔCT (+/- SD) 
{CT (IL-6) - CT (CKDN1)} 

ΔΔCT  
{CT (sample) – 
CT (calibrator)} 

Expression 
ratio  
{2-

ΔΔ
Ct} 

 IL-6 CKDN1   
Time point 2: Day 100   
Current oral GvHD     

7$ 25.83 (5.02) 26.88 (2.26) -1.05 (5.51) -3.63 37.80 

16$ 28.31 (0.57) 25.78 (1.78) 2.53 (1.86) -0.05 1.05 

No current disease     

1 34.53 (3.74) 22.08 (0.07) 12.45 (3.74) 9.87 0.00 

13 30.71 (0.83) 26.75 (0.74) 3.97 (1.11) 1.39 0.25 

21 n/a # 29.89 (0.49) - - - 

25 25.71 (3.91) 23.38 (4.93) 2.33 (6.29) -0.25 1.28 

32 33.08 (2.25) 25.75 (0.41) 7.33 (2.29) 4.75 0.01 

38 25.93 (0.46) 23.37 (3.26) 2.57 (3.29) -0.01 1.01 

41 28.19 (0.64) 25.92 (0.11) 2.27 (0.65) -0.31 1.36 

51 28.82 (0.74) 24.78 (0.31) 4.05 (0.81) 1.47 0.23 

53 24.19 (0.61) 24.02 (0.99) 0.17 (1.16) -2.41 11.13 

56 24.96 (0.78) 25.01 (2.44) -0.06 (2.56) -2.64 13.99 
Time point 3: 6 months after transplant    
Current Oral GvHD     

1$ 28.36 (5.18) 21.60 (0.51) 6.76 (5.21) 4.18 0.02 

13$ 28.69 (1.61) 24.44 (2.37) 4.25 (2.87) 1.67 0.19 

16$ 25.31 (0.93) 25.76 (4.94) -0.45 (5.03) -3.03 20.66 

32$ n/a # n/a # - - - 

Current non-oral GvHD     

25^ 30.96 (1.23) 27.71 (1.86) 3.25 (2.23) 0.67 0.51 

51^ 32.17 (0.51) 24.73 (0.42) 7.44 (0.66) 4.86 0.01 

53^ 30.86 (0.82) 28.16 (0.38) 2.70 (0.90) 0.12 0.89 

No current disease     

7 37.42 (2.68) 32.41 (0.43) 5.01 (2.72) 2.43 0.09 

21 25.90 (2.07) 23.85 (3.62) 2.04 (4.17) -0.54 1.71 

38 29.39 (1.16) 26.96 (0.28) 2.43 (1.19) -0.15 1.16 

41 23.98 (3.32) 22.49 (2.70) 1.50 (4.28) -1.08 2.96 

56 29.82 (0.50) 27.02 (0.09) 2.80 (0.51) 0.22 0.81 
# CT calculations not possible when PCR output not obtained for minimum of 2 replicates 
$ Current oral chronic GvHD at allocated time point 
^ Current non-oral chronic GvHD at allocated time point 
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Table 6.4 Gene expression at time point 4 according to disease status at current time point 

Identifier CT replicate mean 
(+/- SD) 

ΔCT (+/- SD) 
{CT (IL-6) - CT 

(CKDN1)} 

ΔΔCT  
{CT (sample) – 

CT 
(calibrator)} 

Expression 
ratio  
{2-

ΔΔ
Ct} 

 IL-6 CKDN1    
Time point 4: 9 months after transplant  

Current oral GvHD     
1$ 36.42 (2.82) 28.85 (0.89) 7.57 (2.96) 4.99 0.01 

32$ 33.16 (2.17) 24.26 (3.18) 8.90 (3.85) 6.32 0.00 

41$ 21.20 (3.97) 20.95 (0.27) 0.24 (3.98) -2.34 10.35 

Current non-oral GvHD    
21^ 27.53 (0.67) 23.49 (0.08) 4.04 (0.68) 1.46 0.23 

38^ 33.35 (2.06) 28.75 (0.11) 4.60 (2.06) 2.02 0.13 

56^ 27.03 (7.04) 21.69 (2.91) 5.35 (7.61) 2.77 0.06 

No current disease    
7 31.72 (5.17) 24.86 (0.89) 6.85 (5.24) 4.27 0.01 

11 27.37 (4.99) 25.47 (4.65) 1.90 (6.82) -0.68 1.97 

14 28.79 (1.52) 25.90 (0.54) 2.90 (1.61) 0.32 0.73 

16 27.54 (8.34) 26.72 (4.56) 0.81 (9.50) -1.77 5.85 

23 n/a # 35.49 (0.59) - - - 

25 34.14 (1.09) 27.82 (0.32) 6.32 (1.14) 3.74 0.02 

26 27.90 (0.67) 25.14 (0.27) 2.76 (0.73) 0.18 0.84 

37 31.36 (1.46) 26.84 (0.73) 4.52 (1.64) 1.94 0.14 

51 32.90 (1.15) 26.55 (1.08) 6.35 (1.57) 3.77 0.02 

53 24.58 (2.77) 22.63 (2.34) 1.94 (3.63) -0.64 1.89 

54 29.24 (0.56) 25.32 (0.09) 3.91 (0.56) 1.33 0.26 

# CT calculations not possible when PCR output not obtained for minimum of 2 replicates 
$ Current oral chronic GvHD at allocated time point 
^ Current non-oral chronic GvHD at allocated time point 
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6.5.1 Analysis of IL-6 expression in salivary cell pellet 

Across all samples tested there was a wide spread in IL-6 expression (Figure 6.1). Data are 

represented via time point due to samples being repeated measures from the same subjects, 

namely dependent, a mean expression ratio of log IL-6 of -0.90 (+/- 2.81) or, in the 

untransformed state with a mean of 3.71 (+/- 8.64). Specifically, across all salivary cell pellet 

samples, on average 3.7 times the amount of target RNA was seen when compared to the 

calibrator sample with large variability as indicated by the standard deviation of 8.64. 

 

 

Pre-transplant, IL-6 gene expression was compared between disease groups where final 

disease status (oral versus non-oral chronic GvHD versus no disease) dictated group 

assignment.  As outlined previously (Section 5.5.5) two patients were excluded from baseline 

analysis as both patients had undergone dental extractions within 2 days of sample collection; 

acute mucosal inflammation a likely confounder for recovered cytokine concentrations at this 

time. Pre-transplantation, there was no significant difference in the expression ratio of log IL-

6 between groups (F (2,12) =1.59, p=0.25) (Figure 6.2, Table 6.5), thus, no significant 

difference was observed between groups in the amount of IL-6 RNA relative to the calibrator.  

 

 

Figure 6.1: Dotplot of log IL-6 gene expression in cell pellets of all samples across study review period. 

Time point 1 representing pre-transplantation and 2,3 and 4 corresponding to Day 100, 6 and 9 months 

after HSCT respectively.  

3.61.80.0-1.8-3.6-5.4-7.2-9.0

1
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Log IL-6 gene expression

Time point

Figure 6.1: Dotplot of Log IL-6 gene expression across time
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Table 6.5 One way ANOVA of log IL-6 gene expression between groups at baseline 

Group n Mean (+/- SD) 95% CI p-value 

     Oral GvHD 5 -1.84 (3.58) -4.35, 0.67 

0.25      Non-oral 6 0.66 (2.29) -1.63, 2.95 

     No GvHD 4 0.69 (0.83) -2.12, 3.50 

Figure 6.2: Boxplot of log IL-6 gene expression at baseline according to group 

 

Data is expressed as median and interquartile range box with grouping based on disease status 

across the 9-month study period. 
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6.5.2 Correlation of IL-6 gene expression and cytokine concentration in saliva 

Findings pertaining to the effect of oral chronic GvHD status on IL-6 concentration in mouth 

rinse samples have been discussed in chapter 5. In summary, a significant increase in IL-6 

concentration was found in patients with oral chronic GvHD compared to those with non-oral 

disease and no disease (p=0.007). Specifically oral chronic GvHD subjects demonstrated a 

significantly higher mean IL-6 concentration of 52.04 pg/ml compared to patients with non-

oral chronic GvHD (mean 11.86 pg/ml) and no chronic GvHD (mean 14.53 pg/ml).  

 

A linear mixed model was fitted for both log transformed variables, salivary IL-6 and IL-6 

expression ratio with the individual as a random effect. Scatterplots of IL-6 concentration 

versus IL-6 gene expression by time point (Figure 6.3) suggested this relationship might vary 

according to time hence time, and so time was fitted as a factor. Results are described in 

Table 6.6. A significant correlation was seen between the concentration of salivary IL-6 and 

the expression ratio of IL-6 in the associated salivary cell pellet across time (p=0.035). The 

estimated difference, according to time point, was the largest (0.26) at time point 4 (9-

months), a positive relationship observed. Specifically at 9-months after transplantation, when 

untransformed, there was a predicted increase of 1.30 pg/ml IL-6 concentration for each one 

point change in gene expression.  
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Table 6.6. Results from linear mixed-model correlating Log IL-6 and log IL-6 gene expression ratio 

Interaction model 
   

Outcome F df p-value 

 
3.90 2, 23.3  0.035* 

Regression coefficient  

Time point  Estimate 95% confidence interval 

p 
 2 0.05 -0.11, 0.21 
 3 -0.20 -0.58, 0.17 
 4 0.26 -0.05, 0.57 

*  p-value <0.05  

 

   

Figure 6.3 Scatterplot of correlation between IL-6 concentration and IL-6 gene expression after transplant 
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6.5.3 Association of IL-6 gene expression with disease status 

To assess the effect of disease status on the measured ratio of IL-6 expression a linear mixed-

model was fitted. The individual was selected as a random effect as data was considered 

dependent. Data from time points 2 to 4 were considered, that is, all data collected after 

transplantation (Days 100, 6 and 9-months). Log transformations were used and results are 

shown in Table 6.7 with significant estimated differences and the associated predicted means 

discussed below in the untransformed form. The value estimated by un-transforming the log 

mean is a geometric mean, which is known to be less than the mean of the raw data always 

(Bland and Altman 1996). Untransformed estimated differences describe the ratio of means in 

the two compared groups. 

No significant difference was seen between the gene expression ratio of IL-6 according to 

disease status (p=0.086), that is, no significant difference in the ratio between the amount of 

target (IL-6) RNA in the samples versus the calibrator when current disease status was 

considered. When untransformed the mean IL-6 expression ratio in patients with oral chronic 

GvHD was 1.22, alternatively 11/5 of the amount seen in the calibrator sample. Patients with 

non-oral chronic disease showed a mean expression of -2.74, which was approximately 1/20th 

of the amount seen in the calibrator sample. The largest estimated difference of log IL-6 

expression between disease groups was present between patients who had current oral GvHD 

and those who had non-oral disease (estimate of 2.94) however there was a large degree of 

variability (Table 6.7). When untransformed this corresponded to an estimated difference in 

the mean expression ratio of 18.90 between patients who had oral disease versus those with 

current non-oral disease. 
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Table 6.7. Results from linear mixed-model for Log IL-6 according to disease status 

 Interaction model 
   

Outcome F df p-value 

 2.73 2, 23.8  0.086 

Predicted means 

Log IL-6  No disease Non-oral disease Oral disease 

  -1.25 -2.74 0.20 

Pairwise comparisons according to disease status  

Group comparison Estimate 95% CI 

   Oral- Non oral 2.94 0.34, 5.53 
      Oral- No disease 1.45 -0.42, 3.33 

             Non oral- No disease -1.49 -3.39, 0.42  
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6.6 Discussion 

Our previous findings (Section 5) have shown raised local (salivary) concentrations of IL-6 in 

patients with oral chronic GvHD when compared to both patients with non-oral forms of 

chronic GvHD and those without chronic GvHD. The present study attempted to expand these 

findings to discern if oral disease status was also associated with the level of expression of the 

gene of interest, namely IL-6, in the cellular phase of the oral rinse collected. Of note, the 

available literature has shown the increased gene expression of several pro-inflammatory 

cytokines in the locally affected tissues of oral chronic GvHD, a finding not replicated when 

gene expression was assessed in inflammatory cells from associated blood samples thus 

suggesting local production (Imanguli, Swaim et al. 2009, Hayashida, Nakamura et al. 2013). 

Our findings confirmed that RNA of sufficient quality and quantity was present in the cellular 

phase of saliva. Furthermore that the amount of salivary IL-6 measured was correlated to the 

associated gene expression within the cell pellet. A significant association was seen at the 9 

month time point, with an increase in the amount of IL-6 present in saliva directly correlating 

with an increase in IL-6 gene expression observed in the associated salivary cell pellet. This 

was not consistently shown across all the post-transplant time points. However, no correlation 

was shown between current disease status, namely the presence of oral chronic GvHD, and 

the amount of target RNA measured in saliva.  

The pathobiology of chronic GvHD is known to involve a combination of chronic 

inflammation, tissue damage and apoptosis mediated directly by locally infiltrating T 

lymphocytes and indirectly by pro-inflammatory cytokines released by immune cells (Devic, 

Shi et al. 2014). At this time it is not certain if changes in salivary cytokines in patients with 

oral chronic GvHD are secondary to local production from the cells of the inflammatory 

infiltration and/or by local keratinocytes (Saliou, Kitazawa et al. 1999, Dale 2003), and/or the 

loss of structural barriers in oral mucosa (Zhang, Lin et al. 2008). Both oral mucosal and 

salivary tissue damage have been shown to be associated with changes in the local gene 

expression of various pro-inflammatory cytokines within the affected tissue. Hayashida et al 

examined oral buccal mucosal tissue and labial salivary gland (LSG) tissue from 16 patients 

with oral chronic GvHD and 10 healthy controls, total RNA was extracted for RT-PCR 

application. The authors found increased mRNA expression of Th1 cytokines including IL-2 

and IFN-γ and Th2 cytokines IL-4 and IL-5 in the buccal mucosa of chronic GvHD patients 

when compared to controls. Similar findings were reported in the LSGs of oral chronic GvHD 
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patients for IL-2, IFN-γ and IL-5. The rate of expression of Th2 cytokines IL-4 and IL-5 

showed a strong correlation with the degree of lymphocytic infiltration in the tested tissue, 

and was significantly associated with the severity of tissue damage, defined as the clinical 

presence of erosive mucosal lesions (Hayashida, Nakamura et al. 2013). These findings were 

not duplicated when peripheral blood mononuclear cells were analysed from the same 

patients, suggesting a local production of the analysed cytokines (Hayashida, Nakamura et al. 

2013). The authors postulated that in oral chronic GvHD locally produced Th1 cytokines may 

be primarily involved in disease initiation and maintenance and Th2 cytokines in disease 

progression.  

Further, a recent study assessed fresh frozen oral mucosal tissue from the buccal mucosa of 

37 patients with oral chronic GvHD and 6 patients with non-oral chronic GvHD. Total RNA 

was extracted via RT-PCR demonstrating increased expression of IL-15 and t-bet, a 

transcription factor marking type 1 cytokine polarisation, within the affected tissue (Imanguli, 

Swaim et al. 2009). IL-15, a critical cytokine in the generation, proliferation and maintenance 

of effector memory CD8 and CD4 cells has been implicated in several inflammatory 

autoimmune conditions (Waldmann 2004); expression was confirmed on keratinocytes, 

endothelial and infiltrating inflammatory cells within the oral mucosal tissue of chronic 

GvHD. This was not seen in the tissue from patients with non-oral chronic GvHD. Infiltrating 

effector-memory T cells were shown to express T-bet, the authors postulating that the local 

production of IL-15, along with other chemokines, direct and sustain T-cell polarisation 

toward the Th1 phenotype in chronic GvHD (Imanguli, Swaim et al. 2009). In conclusion, the 

current literature supports the findings of the present study demonstrating the up-regulation of 

genes in the local tissues of oral chronic GvHD.  

The current study demonstrated that the cellular phase of oral rinse samples do provide 

suitable RNA for gene expression analysis. Whole saliva is a complex biological fluid, locally 

measured cytokines in oral fluids may be produced by both the local tissue inflammatory 

response and local keratinocytes (Yamamoto, Osaki et al. 1994, Simark-Mattsson, 

Bergenholtz et al. 1999, Dale 2003, Vosters, Yin et al. 2009). However passage of serum 

constituents via inflammatory exudate may also occur through the gingival crevicular fluid or 

via damaged mucosa in ulcerative conditions, suggesting a possible systemic production 

(Kaufman and Lamster 2002, Spielmann and Wong 2011). RNA extracted from oral fluids 

are thought to arise from salivary secretions, gingival crevicular fluid and desquamated oral 
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epithelial cells; sources within salivary secretions likely originating from acinar cells or via 

the circulation (Aps and Martens 2005, Park, Li et al. 2006). RNA extracted from saliva has 

been used successfully in gene expression profiles for cancer and in genetic studies 

(Punnoose, Atwal et al. 2010, Tiwari 2011). However, unlike DNA, RNA is often associated 

with a lower yield and higher degradation via RNases and other nucleases present in saliva.  

Oral rinse samples have available both the supernatant and cellular phase for downstream 

application, however, the vast majority of previous research only assesses the supernatant (Li, 

St John et al. 2004, Lee, Zhou et al. 2011). Reasons given include minimisation of the impact 

of microorganisms, oral epithelial cells and foreign substances that are known to be present in 

whole saliva (Li, Zhou et al. 2004). It is also postulated that RNA integrity may be reduced in 

the cellular phase of saliva with degradation of oral epithelial cells likely initiated prior to 

epithelial turnover and exfoliation (Klaassen, Copper et al. 1998). However, a recent 

publication compared the RNA yield from supernatant and cell pellet of whole unstimulated 

saliva (WUS) and showed high quality and yield from both sources (Pandit, Cooper-White et 

al. 2013). The current study confirms these findings, demonstrating that RNA of sufficient 

quantity and quality can be extracted from the cell pellet of oral rinse samples for use in 

downstream applications such as RT-PCR. 

The present study did not show a significant association between disease status and gene 

expression in the oral cell pellet. However, the level of IL-6 gene expression was shown to be 

correlated with the locally measured salivary IL-6, but associations were not consistent over 

the post HSCT period with a positive relationship only visible in samples from the last study 

time point (9-month after transplantation). These somewhat contradictory results may be due 

to a combination of factors. Firstly, the overall study size was small and this was compounded 

by the reduced number of samples analysed at the Day 100 and 6-month time point, oral rinse 

samples for patients without any chronic GvHD were not analysed at these times. This may 

go to explain why association between salivary cytokine levels and gene expression were only 

seen at the 9-month time point.  Furthermore, as most patients who developed chronic GvHD 

did so over the 6 and 9 month time points, when patients were grouped according to disease 

status small groups were generated, for example the majority of subjects classified as having 

“no disease” at the Day 100 time point. The ability of this study to detect significant 

associations with respect to disease status was also therefor likely compromised and requires 

cautious interpretation. 
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IL-6 is a highly pleomorphic cytokine involved in numerous biological processes and is 

emerging as an important mediator in chronic inflammatory conditions with both anti-

inflammatory and pro-inflammatory roles. IL-6 has been shown to be elevated in other oral 

immune mediated conditions, such as OLP (Gu, Martin et al. 2004, Zhang, Lin et al. 2008) 

and SS (Roescher, Tak et al. 2009) and more recently in oral chronic GvHD (Fall-Dickson, 

Mitchell et al. 2010). The findings of this current study supporting the concept that IL-6 is 

likely a key cytokine in the complex network likely involved in the mediation and progression 

of oral chronic GvHD. 

6.7 Conclusion  

The available literature supports the theory of increased expression of various inflammatory 

cytokines in the local tissues affected by oral chronic GvHD. The outcomes from this study 

clearly show that the cellular phase of oral rinse samples can be used to extract RNA which is 

of suitable quality for downstream applications, providing a quick, relatively inexpensive 

technique suitable for oral chronic GvHD patients with potentially dry and painful mouths. 

Further, IL-6 gene expression was shown to be correlated with the locally measured salivary 

IL-6 concentration but associations were not consistent over the post-transplantation period; a 

positive relationship only visible in samples from the last study time point (9-month after 

transplantation). Ideally, these findings should be validated, most likely via a larger study and 

with utilisation of oral rinse samples from all post-transplant time points to identify if a true 

association exists when all study time points are considered. When disease status was 

considered the current study did not identify a correlation between disease status, including 

the presence of oral chronic GvHD, and gene expression. This is not in keeping with the 

findings of other larger studies where disease presence was shown to be associated with 

increase gene expression in locally affected tissues or local fluid like saliva. The impact of 

disease status in the current study considered disease status at each time point, patients 

allocated to disease groups based on current disease status. For this reason reduced patient 

numbers were generated over certain time points. This, combined with the overall small 

patient cohort may have hindered the ability of this study to identify all significant findings. 
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Chapter 7:  OVERALL DISCUSSION AND FUTURE SUGGESTIONS  
7.1 Discussion  

Chronic GvHD occurs commonly after allogeneic HSCT (Flowers and Martin 2015) with oral 

GvHD causing painful ulceration and mucosal sensitivity and profoundly impacting on oral 

health, function and oral-health related quality. Ongoing research, although limited, has 

focused on locally derived biomarkers for oral chronic GvHD. Clinical and animal studies 

have shown that numerous T cell subsets, including Th1, Th2, Th17, T follicular helper cells 

and regulatory T-cells, play a role in the onset and progression of GvHD, with cytokines and 

chemokines produced by these cell types mediating the tissue inflammation and damage 

(Presland 2016). Many of these same mediators have been studied as candidate biomarkers of 

chronic GvHD but at this time there are no consistently validated biomarkers for chronic 

GvHD.  

This research reports on the clinical presentation of oral chronic GvHD in a group of patients 

followed over a 9-month period after transplantation and their oral symptom profile. The 

cytokine profile within the saliva of patients who developed oral chronic GvHD was also 

examined and compared to that seen both in patients with non-oral forms of chronic GvHD 

and in patients with other common oral inflammatory conditions to establish if a distinct 

cytokine profile was associated with disease status. As IL-6 has been implicated in the 

pathogenesis of oral chronic GvHD, IL-6 gene expression was measured in the cellular phase 

of saliva and compared to the soluble cytokine concentration in the associated cell-free 

portion of saliva to explore if local production was likely.  

The incidence of chronic GvHD, and specifically oral involvement, varies widely in the 

literature. A study on adult allogeneic HSCT patients reporting that 71% of those surviving to 

Day 100 developed some form of chronic GvHD with 54% of those affected experiencing 

features of oral GvHD (Busca, Locatelli et al. 2005). The present study described the 

incidence and impact of oral chronic GvHD in forty-seven allogeneic HSCT recipients 

occurring in the 9 months following transplantation. In this population 42% of those who 

survived to day 100 (n=38) developed chronic GvHD with 38% of these patients (n =6) 

developing oral involvement. The incidence of both oral and non-oral chronic GvHD was 

lower than expected in this population, potentially due to both the relatively small numbers of 

patients enrolled in this trial and the fact that the period of observation was limited to 9-
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months post transplantation. In this patient group no clear transplant or patient-related risk 

factors for oral GvHD disease were identified, including established risk factors for non-oral 

chronic GvHD, such as previous acute GvHD, the use of unrelated donors, and peripheral 

blood stem cell use (Socie and Ritz 2014).  

The present study (Chapter 4) confirmed that the symptoms and impact of oral chronic GvHD 

are accurately reflected through the NIH recommended VAS scores, the XI and the mouth 

specific QoL measure (OHIP-14); significant differences in scoring apparent across all 

questionnaires when oral chronic GvHD was present. This study also investigated whether 

any questionnaires could predict which patients would go on to develop oral chronic GvHD. 

In this regard, pre-transplantation symptom scoring generally did not differentiate between 

patients who would go on to develop oral chronic GvHD and those who would not. The XI 

cumulative score did, however, show promise as a predictor of oral disease. XI scores pre-

transplantation from the patients who went on to develop oral chronic GvHD were, on 

average, 8 points higher than those who would later develop chronic GvHD at a non-oral site, 

and 6 points higher than the remaining patients who did not develop any chronic GvHD. This 

alternate method of XI score interpretation has been previously validated in the literature 

(Thomson 2007). This suggests that inclusion of this questionnaire in the pre-transplant dental 

and oral examination may allow discrimination of “at risk” patients and warrants further 

investigation and validation in a larger prospective study. 

A series of investigations were conducted to test the hypothesis that oral chronic GvHD could 

be differentiated from both non-oral chronic GvHD and other, more common oral 

inflammatory conditions via the cytokine profile measured in saliva during current disease 

(Chapters 3 and 5). Results from preliminary experiments confirmed that a unique 

combination of salivary cytokines was present in the saliva of oral chronic GvHD patients and 

could accurately differentiate oral chronic GvHD from OLP, SS and healthy controls (Chapter 

3). Raised concentrations of IL-6, IFN- γ and TNF combined with a marked absence of IL-4 

and IL-2 were found to reflect oral chronic GvHD presence. Importantly, however, individual 

concentrations of IL-6, IFN- γ and TNF did not discriminate oral chronic GvHD from OLP, 

only when viewed holistically could the combination of cytokines measured in saliva 

accurately differentiate oral chronic GvHD from other oral conditions. These findings suggest 

that the presence of disease may reflect the activity of a set of inflammatory cytokines rather 

than one single cytokine. This is in line with current thinking which supports the model that 
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no individual cytokine is likely responsible for controlling a specific cellular function or 

disease process and that rather the complete cytokine profile generated in response to each 

specific immune insult will ultimately define if an immune response develops, and the 

subsequent form of immune response (Fein and Abraham 2011).  

These findings formed the basis of further experimentation (Chapter 5), which looked to 

confirm if the same panel of salivary cytokines were altered in oral chronic GvHD when these 

patients were compared to other transplant recipients who had either a non-oral form of 

chronic GvHD or no GvHD. While a positive association was seen between disease status and 

both IL-6 and TNF-α concentration (p=0.007, p=0.034 respectively), contrasting findings 

were seen in respect to IFN-γ, with a negative association shown (p=0.015) between disease 

status and IFN-γ concentration. These findings are consistent with the existing literature as 

both IL-6 and TNF-α have been recognised as potential biomarkers of chronic GvHD - serum 

concentrations being shown to be associated with both chronic GvHD and other autoimmune 

and chronic inflammatory diseases that clinically parallel chronic GvHD (Bazzichi, Rossi et 

al. 2007, Sarantopolous, Stevenson et al. 2007, Baird and Montine 2008, Fujii, Cuvelier et al. 

2008). The increased transcription of TNF-α has been reported in transplant recipient T cells 

with raised serum levels shown to predict the onset of chronic GvHD (Ritchie, Seconi et al. 

2005, Skert, Damiani et al. 2009). Both IL-6 and TNF-α have also been shown to reflect both 

the presence and severity of ocular chronic GvHD when tear fluid was assessed (Jung, Han et 

al. 2015). In patients with oral chronic GvHD a positive association has been demonstrated 

between IL-6 levels and the presence of oral erythema and ulceration (Fall-Dickson, Mitchell 

et al. 2010). 

In the current study, IL-6 was also found to be associated with the clinical presentation of 

ulceration and erythema (p=0.003, p<0.001 respectively). Associations were also apparent 

across oral symptom scores and oral-health related quality of life scores. These findings 

support the hypothesis that a unique cytokine profile is measurable in the local environment 

(saliva) when oral chronic GvHD is present and that this is reflective of both the presence of 

disease and its symptoms. This is an important clinical finding as it is generally believed that 

the symptoms of oral mucosal chronic GvHD are secondary to the atrophic and erosive 

components of the disease, with patients presenting with purely lichenoid disease generally 

experiencing little or no pain. Confirmation of the association of IL-6 with the presence of 
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erythema and ulceration suggests that IL-6 may be used as a potential target for therapy and 

also as a key marker of disease and symptom control. 

Interestingly, disparate findings were found in experiments of salivary IFN-γ and oral chronic 

GvHD disease (Chapter 3 and 5), a finding that is consistent with the current literature, which 

has reported that increased expression of IFN-γ is both positively (Ritchie, Seconi et al. 2005) 

and negatively associated with chronic GvHD (Baker, Verneris et al. 2001, Bogunia-Kubik, 

Mlynarczewskam et al. 2005). These findings may be explained by emerging evidence to 

suggest that the biology of chronic GvHD is temporally distinct, with different patterns of 

cytokines and chemokines present in early-onset (3-8 month post HSCT) and late-onset 

chronic GvHD (≥ 9 months) (Fujii, Cuvelier et al. 2008). IFN-γ, for example, has been 

reported as demonstrating decreased expression in early, rather than late-onset chronic GvHD 

(Rozmus, Schultz et al. 2011). This may partially explain the findings of the current study 

with oral chronic GvHD patients analysed in Chapter 3 being of both of early and late onset 

whereas those in Chapter 5 all developing oral chronic GvHD within the first 9 months after 

HSCT, that is early-onset. Further research is required with larger patient numbers, ideally 

with division of patients into early and late onset cohorts to elucidate the relevance of time 

since HSCT on salivary cytokine profile. 

IL-6 is a highly pleomorphic cytokine involved in numerous biological processes and is 

emerging as an important mediator in chronic inflammatory conditions with both anti-

inflammatory and pro-inflammatory roles. IL-6 has been shown to be elevated in other oral, 

immune mediated conditions such as OLP (Gu, Martin et al. 2004, Zhang, Lin et al. 2008) 

and SS (Roescher, Tak et al. 2009) and more recently in oral chronic GvHD (Fall-Dickson, 

Mitchell et al. 2010). The findings of the present study (Chapter 3 and 5) supported the 

concept that IL-6 is a key cytokine in a likely complex network of cytokines involved in the 

mediation and progression of oral chronic GvHD. Experimental findings presented in Chapter 

5 revealed raised local (salivary) concentrations of IL-6 in patients with oral chronic GvHD 

when compared to both patients with non-oral forms of chronic GvHD and those without 

chronic GvHD. This finding led to the hypothesis that increased IL-6 concentration in saliva 

may correspond to increased gene expression within the cellular phase of saliva, and that this 

cellular phase of saliva would be suitable for gene expression studies.  
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Oral rinse samples have been used to generate both supernatant and cellular phase samples for 

investigation. Of these, the supernatant has been most commonly used, in part to minimize the 

impact of microorganisms, oral epithelial cells and foreign substances present in whole saliva 

(Li, Zhou et al. 2004). While it has been postulated that RNA integrity may be reduced in the 

cellular phase of saliva with degradation of oral epithelial cells likely initiated prior to 

epithelial turnover and exfoliation (Klaassen, Copper et al. 1998), a recent publication 

reported high quality and yield from both supernatant and cell pellets of whole unstimulated 

saliva (Pandit, Cooper-White et al. 2013). The hypothesis of the final study chapter (Chapter 

6) was that RNA of suitable quality and quantity was present in the cell pellet obtained from 

oral rinse samples and an increase in IL-6 gene expression would correlate with raised 

salivary IL-6 concentrations (Chapter 5), reflecting local cytokine production. The results 

supported this hypothesis, with the cellular phase of oral rinse samples providing suitable 

quantity and quality RNA for gene expression analysis and a positive correlation being found 

between salivary supernatant IL-6 levels and the level of IL-6 gene expression in the 

associated pellet. This association was not, however, apparent across all time points analysed 

post-transplant, with a significant association only shown 9-months after transplantation. This 

may be partially attributable to the incomplete sample set, with only the 9-month salivary 

samples anlaysed from patients who did not develop any chronic GvHD, reducing the data for 

analysis at time points 2 and 3 (Day 100 and 6-months) and compromising the ability of this 

study to identify all significant associations across the entire post-transplant period. 

However, it is still not certain if all salivary cytokine changes are secondary to production 

from cells of the local inflammatory infiltration and/or the local keratinocytes (Saliou, 

Kitazawa et al. 1999, Dale 2003) or represent passage of serum constituents via the 

inflammatory exudate through gingival crevicular fluid or via damaged mucosa in ulcerative 

states (Kaufman and Lamster 2002, Spielmann and Wong 2011). While the findings from the 

present study support the hypothesis that production of inflammatory cytokines is local, most 

likely from exfoliated buccal cells, this requires validation in a larger study with longer 

follow-up and with utilisation of oral rinse samples from all post-transplant time points to 

identify if a true association exists across time.  

The present study study did not demonstrate an association between the presence or absence 

of oral chronic GvHD and the level of IL-6 gene expression. In this regard the results are not 

in keeping with the results of other studies, that have found an association between oral 
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GvHD and increased gene expression in locally affected tissues or local fluid like saliva. 

(Imanguli, Swaim et al. 2009, Hayashida, Nakamura et al. 2013). These disparate findings 

may in part be due to small study numbers. Specifically, the impact of disease status in the 

current study considered each patients disease status at each individual time point, patients 

allocated to disease groups based on only their current disease status. For this reason reduced 

patient numbers were generated over certain time points as the majority of patients who 

developed chronic GvHD did so over the final two study time points (6 and 9-months post-

transplantation). This, combined with the small number of patients recruited for this study 

arm, may have hindered the ability of this study to identify all significant findings. 

7.2 Conclusions and future suggestions 

This research has shown that oral chronic GvHD can be distinguished from non-oral chronic 

GvHD and from other oral, immune mediated conditions via concentration of a specific panel 

of inflammatory cytokines measurable in the local (oral) fluid, including IL-6 and TNF-α. 

Increased gene expression of IL-6 was also shown in the cellular phase of saliva, suggesting 

both that oral rinse samples are a viable medium for gene expression studies and that the 

cytokines measured in saliva are produced within the local tissues. Of the measurable 

cytokines, IL-6 shows the most promise, with raised concentrations significantly associated 

with oral ulceration and erythema,  the clinical manifestations of oral chronic GvHD most 

commonly believed to be the cause of associated oral pain and sensitivity.   

Further research is required to validate these findings in a larger patient population and over a 

longer post-transplant period. Ideally, patients in further studies should also be stratified into 

early and late-onset chronic GvHD groups to enable assessment of the impact of time-of-

onset of oral chronic GvHD post-HSCT on salivary cytokine profile. Should the results of the 

current study be confirmed in future research this will establish the utility of a rapid and 

inexpensive saliva RNA biomarker test for the diagnosis and monitoring of oral chronic 

GvHD and provide a rationale for the targeting of oral cytokines as a means for preventing or 

treating it.  
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Chapter 8:   APPENDICES  

APPENDIX	A		

 
 

Oral chronic GVHD- clinical risk factors and biochemical markers of disease activity  
 

 

Version 1.0  3rd  March 2012       Page 1 of 2 

ORAL EXAMINATION FORM 
 

Participant’s name …………………………………………………Participant number ……………………………… 

Resting saliva consistency  Sticky, frothy  Frothy, bubbly  Watery, clear 

Amount resting saliva over 5 minutes ……………………………………………………………………… (ml) 

Stimulated saliva flow over 5 minutes  ……………………………………………………………………… (ml)  

Active dental infection   Yes  No 

 

 

 

 

Mucosal Change No evidence of cGVHD Mild Moderate Severe 

Erythema None 0 Mild or moderate 
erythema (<25%) 1 

Moderate (≥25%) or 
severe (<25%) 

erythema 
2 Severe erythema 

(≥25%) 3 

Lichenoid None 0 Hyperkeratotic 
changes (<25%) 1 Hyperkeratotic 

changes (25-50%) 2 Hyperkeratotic 
changes >50% 3 

Ulcers None 0 None 0 Ulcers involving 
≤20% 3 Severe ulceration 

>20% 6 

Mucoceles None 0 1-5 mucoceles 1 6-10 scattered 
mucoceles 2 Over 10 mucoceles 3 

         

   Mucoceles scored for lower 
labial and soft palate only   Total score for all 

mucosal changes  
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Oral chronic GVHD- clinical risk factors and biochemical markers of disease activity  

 
 

Version 1.0  3rd  March 2012       Page 2 of 2 

 

 

 

 

Symptoms  
Rate how severe the following symptoms 
have been in the last 7days: 
Please colour in one circle below for each 
question where 0 corresponds to “symptom 
has not been present” and 10 means the 
“symptom is as bad as you can imagine” 

Not Present 

 

As Bad As You 
Can Imagine 

 0     1     2    3     4     5     6     7     8     9   10 

Your mouth dryness at its WORST? ! ! ! ! ! ! ! ! ! ! ! 
Your mouth pain at its WORST? ! ! ! ! ! ! ! ! ! ! ! 
Your mouth sensitivity at its WORST? ! ! ! ! ! ! ! ! ! ! ! 

Score Karnofsky Performance Status Scale Definitions (circle from 0-100)  

100 Normal no complaints; no evidence of disease 

90 Able to carry on normal activity; minor signs or symptoms of disease 

80 Normal activity with effort; some signs or symptoms of disease 

70 Cares for self; unable to carry on normal activity or to do active work 

60 Requires occasional assistance but is able to care for most personal needs 

50 Requires considerable assistance and frequent medical care 

40 Disabled; requires special care and assistance 

30 Severely disabled; hospital admission is indicated although death not imminent 

20 Very sick; hospital admission necessary; active supportive treatment necessary 

10 Moribund; fatal processes progressing rapidly 

0 Dead 

CPITN  
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APPENDIX	B		

Questionnaire 2: Xerostomia Inventory IX 

Please circle ONE response per question which best describes your symptoms over the last two weeks. 

1. I sip liquids to aid in swallowing foods Never Hardly Ever Occasionally Fairly Often Very Often Don’t Know 

2. My mouth feels dry when eating a meal Never Hardly Ever Occasionally Fairly Often Very Often Don’t Know 

3. My lips feel dry Never Hardly Ever Occasionally Fairly Often Very Often Don’t Know 

4. I have difficulty swallowing certain foods Never Hardly Ever Occasionally Fairly Often Very Often Don’t Know 

5. My mouth feels dry Never Hardly Ever Occasionally Fairly Often Very Often Don’t Know 

6. I get up at night to drink Never Hardly Ever Occasionally Fairly Often Very Often Don’t Know 

7. My eyes feel dry Never Hardly Ever Occasionally Fairly Often Very Often Don’t Know 

8. I have difficulty in eating dry foods Never Hardly Ever Occasionally Fairly Often Very Often Don’t Know 

9. The skin on my face feels dry Never Hardly Ever Occasionally Fairly Often Very Often Don’t Know 

10. I suck sweets or chew gum to relieve dry mouth Never Hardly Ever Occasionally Fairly Often Very Often Don’t Know 

11. The inside of my nose feels dry Never Hardly Ever Occasionally Fairly Often Very Often Don’t Know 



 188 

APPENDIX	C	

Questionnaire 1: Oral Health Impact Profile 14 
 

Please circle the ONE response which describes how frequently you have experienced each problem in the last 12 months 
1. Have you had trouble pronouncing any words due to problems with your mouth? Never Hardly Ever Occasionally Fairly Often Very Often 

2. Have you felt your sense of taste has worsened because of problems with your mouth? Never Hardly Ever Occasionally Fairly Often Very Often 

3. Have you had painful aching in your mouth? Never Hardly Ever Occasionally Fairly Often Very Often 

4. Have you found it uncomfortable to eat any foods because of problems in your mouth? Never Hardly Ever Occasionally Fairly Often Very Often 

5. Have you been self-conscious because of your mouth? Never Hardly Ever Occasionally Fairly Often Very Often 

6. Have you felt tense because of problems with your mouth? Never Hardly Ever Occasionally Fairly Often Very Often 

7. Has your diet been unsatisfactory because of problems with your mouth? Never Hardly Ever Occasionally Fairly Often Very Often 

8. Have you had to interrupt meals because of problems with your mouth? Never Hardly Ever Occasionally Fairly Often Very Often 

9. Have you found it difficult to relax because of problems with your mouth? Never Hardly Ever Occasionally Fairly Often Very Often 

10. Have you been a bit embarrassed because of problems with your mouth? Never Hardly Ever Occasionally Fairly Often Very Often 

11. Have you been irritable with other people due to problems with your mouth? Never Hardly Ever Occasionally Fairly Often Very Often 

12. Have you had difficulty doing you usual jobs because of problems with your mouth? Never Hardly Ever Occasionally Fairly Often Very Often 

13. Have you felt life in general was less satisfying because of problems with your mouth? Never Hardly Ever Occasionally Fairly Often Very Often 

14. Have you been totally unable to function because of problems with your mouth? Never Hardly Ever Occasionally Fairly Often Very Often 
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APPENDIX	D	

 
Oral cGVHD-clinical risk factors and biochemical markers of disease activity 

 
 
 
Version No   1.1              22nd March 2012         Page 1 of 2                                                    

TRANSPLANT DATA COLLECTION FORM 
 

           Date of Pre-HSCT Exam: 
 
 
 

Features of Allogeneic HSCT 

Initial Diagnosis  

Date of Diagnosis     

Transplant Type Sibling Unrelated 
Stem Cell Source Bone Marrow PBSCT Umbilical 
Conditioning Reduced Intensity Myeloablative 
TBI Yes No 
Chemotherapy   

GVHD 
Prophylaxis 

 

Previous 
Head/Neck RT Yes No 

First Review (3 months post HSCT) 
Mucositis  Yes No 
Grade I II III IV 
Acute GVHD Yes No 
Organs involved Skin Gut Liver 
Severity I II III IV 
Resolved Yes No 
Chronic GVHD Yes No 
NIH Global Rating Mild Moderate  Severe  
Organs Involved Oral/ Skin/ Ocular/ GIT/ Liver/ Lungs/ Joints/ Genital 
Intensity of 
Immunosuppression None Mild Moderate High 

  Pred < 
0.5mg/kg/day 

Pred ≥0.5mg/kg/day 
or 

Single agent + Pred 
≥0.5mg/kg/day 

2 or more agents 
+/- Pred 

≥0.5mg/kg/day 

Current medications  
 
 
 

Xerogenic 
Medications Opioids Psychotropics Antihypertensives Anti-emetics 

 
Patient Name: 
DOB: 
Number: 
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Oral cGVHD-clinical risk factors and biochemical markers of disease activity 

 
 
 
Version No   1.1              22nd March 2012         Page 2 of 2                                                    

 

 
 

 
 

2nd Review (6 months post HSCT) 
Acute GVHD Yes No 
Organs involved Skin Gut Liver 
Severity I II III IV 
Resolved Yes No 

Chronic GVHD Yes No 
NIH Global Rating Mild Moderate  

Organs Involved Oral/ Skin/ Ocular/ GIT/ Liver/ Lungs/ Joints/ Genital 

Intensity of 
Immunosuppression None Mild Moderate High 

  Pred < 0.5mg/kg/day 

Pred 
≥0.5mg/kg/day or 

Single agent + 
Pred 

≥0.5mg/kg/day 

2 or more agents +/- 
Pred ≥0.5mg/kg/day 

Current medications  
 
 
 

Xerogenic Medications Opioids Psychotropics  Antihypertensives Anti-emetics  

3rd Review (9 months post HSCT) 
Acute GVHD Yes No 
Organs involved Skin Gut Liver 
Severity I II III IV 
Resolved Yes No 
Chronic GVHD Yes No 
NIH Global Rating Mild Moderate  

Organs Involved Oral/ Skin/ Ocular/ GIT/ Liver/ Lungs/ Joints/ Genital 

Intensity of 
Immunosuppression None Mild Moderate High 

  Pred < 0.5mg/kg/day 

Pred 
≥0.5mg/kg/day or 

Single agent + 
Pred 

≥0.5mg/kg/day 

2 or more agents +/- 
Pred ≥0.5mg/kg/day 

Current medications  
 
 
 

Xerogenic Medications Opioids Psychotropics Antihypertensives Anti-emetics 
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