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Chronic Graft-versus-Host Disease (cGVHD) is a major long-term complication, associated with morbidity and mortality in patients following allogenic hematopoietic cell transplantation (HCT) for immune hematopoietic disorders. The mouth is one of the most frequently affected organs after HCT (45-83%) and oral cGVHD, which may appear as the first visible sign. Manifestations present with mucosal lichenoid lesions, salivary gland dysfunction and limited oral aperture. Diagnosis of oral cGVHD severity is based on mucosal lesions with symptoms of sensitivity and pain and reduced oral intake. However, diagnostic difficulties arise due to subjective definitions and low specificity to cover the spectrum of oral cGVHD. In recent years there have been significant improvements in our understanding of the underlying oral cGVHD disease mechanisms. Drawing upon the current knowledge on the pathophysiology and biological phases of oral cGVHD, we address oral mucosa lichenoid and Sjogren’s Syndrome-like sicca syndromes. We consider the response of alloreactive T-cells and macrophages to recipient tissues to drive the pathophysiological reactions and biological phases of acute inflammation (phase 1), chronic inflammation and dysregulated immunity (phase 2), and subsequent aberrant fibrotic healing (phase 3), which in time may be associated with an increased malignant transformation rate. When formulating treatment strategies, the pathophysiological spectrum of cGVHD is patient dependent and not every patient may progress chronologically through the biological stages. As such there remains a need to address and clarify personalized diagnostics and management to improve treatment descriptions. Within this review, we highlight the current state of the art knowledge on oral cGVHD pathophysiology and biological phases. We address knowledge gaps of oral cGVHD, with a view to facilitate clinical management and improve research quality on lichenoid biology and morbid forms of oral cGVHD.
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Introduction

Graft-versus-Host Disease (GVHD) is the major non-relapse related complication following allogenic hematopoietic cell transplantation (HCT) for patients with immune hematopoietic disorders (1). Infused donor cells immunologically target remaining cancer cells by the Graft-versus-Leukemia (GVL) effect (2). However, these cells might also initiate GVHD, where immune competent donor cells respond to the host environment as foreign, leading to inflammation, immune dysfunction, and fibrosis, that often affects multiple organs and tissues (1, 3, 4). GVHD involves different pathophysiological pathways but is broadly described as acute (aGVHD) or chronic (cGVHD) (5). Risks associated with GVHD development include donor sex, age and match, stem cell source, conditioning regime, underlying disease, prior Cytomegalovirus/Epstein Barr viral infections and post-HCT antibody T-cell depletion, as well as cyclophosphamide treatment (6–9). Specific risk factors linked to cGVHD include, prior aGVHD, as well as mismatched or unrelated donor, elderly donor and patient, female donor to male recipient and the use of peripheral blood stem cells (PBSCs) (10).

aGVHD (40-72% patients) is the major short-term cause of morbidity and high risk of mortality. aGVHD typically involves the skin, liver, upper and lower gastrointestinal (GI) tracts (11). The MAGIC consensus guidelines have been developed to support aGVHD clinical staging, and measures the amount of erythematous skin rashes, bilirubin levels and diarrhea (11). Traditionally, aGVHD has been defined with symptoms occurring within the first 100 days after HCT (12, 13). However, the GVHD classifications have been reformulated to, classic aGVHD (≤100 days), persistent late aGVHD (≥100 days), recurrent late aGVHD (new onset >100 days), and aGVHD de novo (initiates >100 days) (12).

Approximately 30-70% of patients surviving HCT develop an autoimmune-like inflammation in the form of cGVHD (1, 12).The cGVHD field has been steered by the National Institutes of Health (NIH) Consensus Development Projects in cGVHD (2005, 2014 and 2020), which have focused on diagnostic and staging recommendations to improve clinical trial outcomes (1, 4, 6, 14–22). cGVHD is not only a possible resumption of previous aGVHD (“quiescent” cGVHD onset), cGVHD could onset “de novo” (without previous aGVHD). Continuation of acute symptoms into cGVHD is classified as “progressive” cGVHD onset (12). Thus, the NIH Consensus Diagnosis and Staging Working Group proposed cGVHD as an overlap stage, with simultaneous acute and chronic signs, or classic cGVHD with no signs of aGVHD (6, 12). The NIH Consensus global severity scoring involves an eight-item form, that assesses the skin, mouth, eyes, GI tract, liver, lung, joints and fascia, and genital tract system; receiving a score 0 (no/inactive GVHD), score 1 (mild GVHD), score 2 (moderate GVHD), and score 3 (severe GVHD) (4). Additional performance scores are assessed but not incorporated into the severity score (4). This review focuses on the state-of-the-art knowledge on oral cGVHD, our understanding of the pathological and immunological profiles underlying oral cGVHD lichenoid lesions and Sjogren’s Syndrome-like sicca symptoms, and associated disease phases. The review addresses the knowledge gaps to assist personalized management and enhance research quality by expanding our knowledge on lichenoid biology and morbid forms of oral cGVHD.





Oral cGVHD

Damage to the mucosal barrier and salivary glands may occur during HCT conditioning, and oral complications are common and often related to increased morbidity and decreased quality of life (QoL) (23). Oral aGVHD symptoms seldom occur, unlike manifestations in the gut, where mucositis progresses with typical aGVHD (5, 24). Patients might experience symptoms, such as mucositis, bacterial, Candida and viral infections that are attributed to the conditioning regimens before HCT, high-dose immunosuppression post-HCT or the development of early cGVHD (25–29). The oral cavity is one of the most frequently affected organs (45-83%) with cGVHD after HCT using bone marrow stem cells (BMSCs) and particularly after PBSCs (12, 30–32). Oral cGVHD manifestations resemble other autoimmune syndromes within the mouth. Oral lichen planus (OLP) and oral mucosal cGVHD affect the mucosal surfaces with typical white striations, erythema, and ulcerations (4, 31, 33). Salivary gland cGVHD and Sjogren’s Syndrome display sicca-like symptoms and mucoceles, and scleroderma and perioral fibrosis lead to sclerosis and restricted mouth-opening (4, 31, 33). Oral cGVHD is associated with taste dysfunction and masticatory difficulties, mouth pain and sensitivity to food and beverages, which could lead to nutritional deficiencies requiring hospitalization (29, 34–39). These patients can also be sensitive to oral hygiene products and have an increased risk for caries and periodontitis (27, 35, 40).

Despite the early identification of oral cGVHD from the first use of HCT, the field has been hindered by research involving small cohorts with a lack of clear patient descriptions. Initial histopathology studies combined minor salivary gland and oral mucosal features, and the NIH cGVHD Consensus Pathology Working Group (2005) produced a consultation form for pathological evaluation (17, 41, 42). In recent years, our understanding of the pathological conditions involving mucosal and glandular tissues has evolved but the need for better diagnostic and phenotypic criteria remains (33). Bassim and colleagues showed oral cGVHD manifestations as three separate disease presentations, and Cooke et al. (2017) highlighted the diseases biological spectrum (3, 33). These different approaches suggest the need to reconsider our patient classification to one that is focused on individual clinical disease presentations related to histopathological grades, and that reflects the biological phases (33, 43–47). Prolonged severe oral cGVHD has an elevated risk for diminishing QoL and secondary oral malignancies, like oral squamous cell carcinoma (OSCC), can lead to a high risk of mortality (23, 48). There is need to define morbid forms of oral cGVHD associated with decreased QoL and cancer (49).




Oral cGVHD lichenoid lesion

The NIH Consensus Diagnosis and Staging Working Group (2005 and 2014) defined clinical diagnosis of oral mucosal cGVHD, as lichenoid-like manifestations (4). Gingivitis, mucositis, and erythema are common but not clinically conclusive for either aGVHD or cGVHD and other tests are needed to verify the diagnosis (4). Oral cGVHD lesions are mainly located to the buccal, labial and tongue mucosa (37, 38, 50). Palate lesions are common and probably a sign of extensive oral complications (16, 45, 50). OLP diagnosis includes both clinical and pathological features and is based on a modified World Health Organization criterion (51–54). Clinical features recognize white bilateral papular or reticular striations, with occasional plaque formation, that may be accompanied by erosive lesions, atrophy, and more seldom bullous manifestations (52–54). In the histopathological diagnosis of OLP, a verification of lymphocytic band-like infiltrate with liquefaction degeneration is needed, and the exclusion of dysplasia and verrucous epithelial structures have been suggested (52, 54).

The NIH minimal histopathology criteria for active cGVHD reported clustered to extensive band-like inflammation, and sporadic to widespread exocytosis and apoptosis, which enabled the classification of patients with histopathological stages of “possible” or “likely” oral mucosal cGVHD (14, 43). Lymphocytic exocytosis is a key histological feature in both oral mucosal cGVHD and OLP and was specified in the NIH cGVHD histopathology consultation form as ≥5 cells/10x field of view, as the limit between focal and widespread distribution (14, 17, 43, 54, 55). Originally, epithelial cGVHD damage was described as necrosis, but hydropic degeneration, vacuolization, spongiosis, and squamatization have also been defined (41, 42, 56–58). To align with the OLP criteria, liquefaction degeneration has also been reported in studies, and ranges from sporadic signs of basal cell vacuolization and spongiosis to widespread liquefaction degeneration along the basal cell layer (43, 52). In the most severe cases, complete degeneration of the epithelial connective tissue interface with confluent areas of liquefaction and squamatization have been reported, which is in similarity to skin cGVHD and OLP pathology criteria (14, 43, 52). Programmed cell death, reported as apoptotic-, eosinophilic-, Civatte-bodies or dyskeratotic cells, is assessed by area as ≥1 apoptotic cell/10x field of view by the NIH cGVHD histopathology consultation form (14, 42, 43, 58, 59). However, the extent of apoptosis has been inconsistently reported (56, 58–60). Apoptosis and liquefaction degeneration in OLP have been suggested to be two separate processes of keratinocyte destruction, which could also be reflected in oral mucosal cGVHD (43, 61). Basal membrane alterations including thickening, partial clefts, and Max Joseph separation, have been observed in oral mucosal cGVHD histopathology and clinically erosive OLP (42–44, 56, 58, 62, 63). Flattened rete ridges and atrophic epithelium also appear as common features (41, 43, 64). However, hyperkeratotic or acanthotic oral epithelium has not been reported to define active criteria for oral mucosal cGVHD progression (17, 43). Importantly, a biopsy should be considered to assess distinctive and common manifestations associated with cGVHD, or atypical persistent lesions with increased oral potential malignant risk (14). The histopathological report should verify cGVHD pathology as definitive (likely-cGVHD) or as less evident (possible-cGVHD), based upon the NIH histopathological criteria (14).





Sjogren’s syndrome-like sicca symptoms

Oral sicca symptoms, such as xerostomia and hyposalivation are common in HCT-patients, and long-term effects could indicate salivary gland cGVHD (39, 65–67). The management and understanding of sicca symptoms post-HCT remain a key knowledge gap, and therefore the field of salivary gland cGVHD lacks validated diagnostic criteria (4, 68). However, studies within the field are impacted by age-related changes in elderly individuals and the use of polypharmacy, which contribute to increased sicca symptoms. Patients receiving radiotherapy for cancer treatment show permanent sicca symptoms, but chemotherapy alone or combined irradiation and chemotherapy conditioning, require further investigations to fully understand the effects (66–69).

Acute and chronic salivary gland GVHD can affect the saliva production in both minor and major glandular structures, but the immunopathology has been principally assessed in the minor glands (46, 66, 67, 70–73) Clinical signs of mucoceles and glandular enlargement, as well as xerostomia are described for both salivary gland cGVHD and Sjogren’s Syndrome, but links between salivary gland cGVHD and overall cGVHD severity remains controversial (16, 35, 66, 71, 74). Patients experiencing salivary gland dysfunction commonly report additional signs associated with a dry mouth, including mucoid viscous saliva, reduced or absent mucosal biofilm, the accumulation of soft debris and erythematous mucosa (75). Supportive information could also measure salivary flow and previous studies have reported <0.2ml/min, although this remains to be verified in consensus studies (33, 47). In comparison, diagnostic criteria for Sjogren’s Syndrome, developed by the American and European Consensus Groups in Rheumatology (2002 and 2016) is based on ≤0.1ml/min unstimulated whole saliva, a Schirmer`s test showing ≤5mm/5min, ocular staining score of ≥5, labial minor salivary gland biopsy with focus score of ≥1/4mm2 and autoantibodies against Sjogren’s Syndrome-related antigen A (76, 77).

A labial minor salivary gland biopsy should be used to verify the histopathological criteria of salivary gland cGVHD (14). Histological diagnosis (“possible or likely”) of salivary gland cGVHD has also been based on the NIH cGVHD histopathological consultation form, and the Chisholm-Mason composite score for Sjogren’s Syndrome (14, 17, 46, 47). Periductal and acinar lymphocytic inflammation are considered specific for cGVHD (14). Typically, a mixed infiltrate involving both plasma cells and lymphocytes have been described (14, 46, 47, 56, 58). The presence of Sjogren’s Syndrome-like focused lymphocytic clusters is a contentious issue but salivary gland cGVHD could be related to diffuse peri-ductal and acinar inflammation rather than typical foci, which might depend on disease specificity, severity, and duration post-HCT (46, 47, 56, 65). The NIH cGVHD histopathological consultation form specifically includes exocytosis with periductal and acinar inflammation, in contrast to the Chisholm-Mason composite score (14, 46, 47). Identification of lymphocytic acinar migration with exocytosis is hard to assess and could be attributed to heavy inflammation leading to acinar destruction and difficulties in assessing acinar exocytosis (46). Signs of glandular destruction are a key feature of salivary gland cGVHD, including vacuolization, atrophy, and apoptosis (56, 58, 65). NIH cGVHD histopathological consultation form defines acinar degeneration and apoptosis, whereas others report ductal metaplasia and parenchymal atrophy as signs of destruction (17, 42, 46, 47). In Sjogren’s Syndrome, the description of apoptosis varies considerably, and is typically associated with late stages of the disease (78). Interstitial fibrosis, which commonly occurs in combination with acinar destruction, has been reported to play an important role in the histopathological grade (14, 46, 47, 56). Assessment and interpretation of fibrosis must include the extent and/or extracellular matrix density, as a few signs of fibrosis might indicate a false positive finding (56, 58). However, it is important to consider the influence of conditioning and drug burden that could contribute to tissue destruction and inflammation (14, 65). Minor salivary gland fibrosis is linked to elderly people, and potentially non-specific features following conditioning (14, 47, 65). The issue of salivary gland cGVHD fibrosis warrants further investigation to determine if this feature is due to cGVHD pathogenesis rather than being non-specific or attributed to previous conditioning.





Perioral fibrosis

A consequence of persistent inflammation in cGVHD is abnormal wound healing, tissue repair and fibrosis, however, the fibrotic pathobiology of cGVHD is poorly described for the oral cavity (3). For a long time, perioral fibrosis was considered as part of skin and oral cGVHD pathophysiology, leading to restricted motion of the oral apparatus (6). However, the 2014 NIH Diagnosis and Staging Working Group revised the clinical criteria for perioral fibrosis to be associated with skin fibrosis, following significant reports where 13% of patients showed both skin sclerosis and limited mouth-opening (4, 14, 33). Symptomatic tightness of the oral mucosa is probably a commonly reported patient feature but associated to both lichenoid inflamed and sclerotic mucous membranes (38). Similar clinical features of lichenoid sclerosus, described in lichenoid skin and vaginal reactions, are uncommon within the oral mucosa (79). Oral fibrosis and sclerosis have been observed within the oral mucosa and salivary gland histopathological profile, but to what extent and functional effect is not fully clear (60, 64, 80). A recent case series reported patients with a history of oral cGVHD to develop oromandibular jaw clenching as bruxism, limited mouth opening and temporomandibular associated symptoms that need further investigations (81).






Oral cGVHD clinical diagnostic criteria and ancillary measures

The NIH organ specific score for oral cGVHD is focused on the mucosal disease manifestations (4). Oral cGVHD severity diagnostic score (Figure 1A), is defined by symptoms and limitation of oral intake, ranging from score 0-3. The diagnostic scoring does not include type or distribution of lesion and lacks description of all oral pathophysiology’s including sicca syndrome (4). Studies have commented on the severity scoring to have a low objective value, as clinical interpretation and patient symptoms might differ (31, 45). The NIH cGVHD therapeutic outcome measurements (Figure 1B) assess treatment responses and evaluate disease activity, for example the oral mucosal rating scale (OMRS) (16, 82). Patient symptoms for cGVHD activity are captured on a mouth sensitivity scale (Visual Analogue Scale (VAS) 0-10), including irritation from normally tolerated spices, foods, liquids, or flavors (16). The 2005 NIH model for oral lesion scoring (0–15), suggests scores ≥3 as oral cGVHD with 0-2 to be inconclusive (diagnostic global cGVHD score 0) (16, 18, 36, 74, 83). However, clinical improvement or worsening by <3 could be due to inter-rater variability (84). Individual oral mucosal features in the rating scale have also raised concerns, as few patients present with severe ulcerations covering >20% of the oral mucosa (38). The NIH model was refined in 2014 to scoring 0-12, with the removal of mucoceles (16, 18, 74, 83). Mucoceles should only be specific for cGVHD primary sicca-syndrome in the absence of any major lichenoid features (35). cGVHD sicca-syndrome can overlap with oral mucosal cGVHD, but careful consideration is needed as mucoceles might occur secondary to fibrotic lichenoid manifestations or independently (33, 35).




Figure 1 | Assessment of oral cGVHD patient characteristics. Oral cGVHD characteristics are described based upon the NIH consensus recommendations. (A) Diagnostic features involve lichenoid-like oral mucosal cGVHD, represented by white striations commonly associated with erythema and ulcerations. Severity staging (NIH score 0-3) is based on oral diagnostic clinical signs, sensitivity symptoms (asymptomatic, mild, moderate, or severe) and limitations in oral intake (none, not-significant, partial, or major). Xerostomia is associated with cGVHD sicca-syndrome which lacks diagnostic criteria. (B) Distinctive features include mucosal atrophy, pseudomembranous manifestations, ulcers, and xerostomia. Mucoceles are distinctive for cGVHD as both lichenoid- or salivary gland inflammation could be the cause; mucosal atrophy and pseudomembranous manifestations need diagnostic verification. Patient-reported pain, gingivitis, mucositis, and erythema are common signs for cGVHD. The NIH defined cGVHD activity assessment tools in their consensus documents, including a mouth sensitivity scale (0–10) and clinical evaluation for oral mucosal severity scoring (OMRS 0-12). The NIH modified OMRS captures the intensity and extent of erythema lesions (0–3), whereas lichenoid-like manifestations (0–3) and ulcerations (0–6) are graded based on the total area of lesions. The histopathological report should verify cGVHD pathology as definitive (likely-cGVHD) or with less evident (possible-cGVHD) based upon the NIH histopathological criteria.



In summary, it is important to appreciate, that diagnostic scores are not recommended to evaluate therapeutic interventions and therefore used as a blunt tool to characterize and compare patients with oral mucosal cGVHD over time (4, 16). It has been acknowledged that many cGVHD patients present with non-active immune cell infiltration and pathology, as well as transforming into malignant conditions with disease progression (43, 44, 48). Thus, it may be proposed that studies should not only generalize oral cGVHD based upon diagnostic score 0-3, as clinical, pathological, and biological status influences the dynamic pathophysiology in the search to define morbid forms of oral cGVHD.





GVHD pathophysiology and biological phases

GVHD pathophysiology is complex, and a three-phase model has evolved that describes GVHD biology (3). The model originates from the GI tract mucosa, where the mucosal barrier is disrupted due to chemotherapy-associated mucositis, however, it can easily be applied to other clinical presentations of cGVHD, such as oral cGVHD (Figure 2) (5). In phase 1, the immunocompetent T-cells are known responders to the genetically different human leukocyte antigens (5). Acute inflammation is triggered by the leakage of pathogen-associated molecular patterns, such as lipopolysaccharides, and as a result host tissue damaged-associated molecular patterns are produced, including the proinflammatory cytokines; tumor necrosis factor (TNF)α, interleukins (ILs)-1, -6 and -12 (3, 85). Innate immune cells, such as macrophages and dendritic cells are activated through their Toll-like receptors and migrate to lymph nodes, leading to enhanced antigen presentation and T-cell differentiation (3). An acute immunity cascade is initiated with the activation of naïve T helper (Th)-cells, that polarize and expand into Th1- and Th17-cells, secreting interferon (IFN)γ, IL-2, IL-17 and -22 respectively (5, 85). The paradigm of Th1-/Th2-cell involvement has been discussed in terms of acute/early and chronic/late GVHD pathogenesis, but without consistent data supporting either pathway (3, 86).




Figure 2 | Pathophysiology of oral mucosal GVHD. Active inflammation (phase 1) is initiated by conditioning toxicity, leading to disruption of the mucous membrane, aGVHD and viral reactivation. DAMPs, chemokines, and cytokines are released from endothelial, epithelial, and innate immune cells causing the activation of T cells. Th17 cells initially support epithelial maintenance and acute inflammation. Plasmocytic dendritic cells (pDCs) with type 1 IFN secretion attracts Th1/Tc1 response that drives the chronic inflammatory phase (phase 2). IFNγ secretion promotes activated macrophages (Mφ) with TNFα. Tc cells secrete perforin and granzyme B Tc induced apoptosis leads to the secretion of BAFF, which affects B cells, although this warrants further confirmation in oral mucosal cGVHD pathophysiology. Many cell types, including anti-inflammatory macrophages secrete TGFβ as the inflammatory response switches to a fibrotic stage (phase 3). TGFβ promotes differentiation of Th17 and Treg cells, as well as inducing myofibroblasts and extracellular matrix (ECM) synthesis. Created with BioRender.com.



Chronic inflammation with increased IFNγ levels, recruit effector Th1-/T cytotoxic (Tc)1-cells into the target tissue, amplifies the cGVHD response in phase 2. Tc cells are the main effectors of cGVHD in the periphery but the coordinated Th-cell, B-cell and macrophage response, with a cytokine cascade, and production of antibodies, remains to be fully understood (87, 88). T regulatory (Treg) cells (FoxP3/CD4+CD25+) function to suppress and control the alloreactive response (3). To add to the complexity, IL-2 activates type 1 and 2 T-cell differentiation and expansion, generating and maintaining Tregs, and inhibits Th17 polarization (5). The IL-2 receptor is also the target for the widely used calcineurin inhibitors (CNIs) (5). A potentially protective role of the phase 2 response includes IFNγ-induced T-cell apoptosis (3, 89). IFNγ further stimulates the production of homeostatic B-cell activation factor (BAFF), which has been reported to be elevated in GVHD patients (3, 90, 91). Increased BAFF levels are associated with delayed B-cell reconstitution and with augmented B-cell receptor signaling and cGVHD severity (90, 92, 93). However, B-cell biology involvement in cGVHD, with associated auto- and alloantibodies, remains unclear but has gained attention over the past decade (87, 91).

Chronic inflammation often results in impaired wound healing, abnormal tissue architecture and dysfunctional fibrosis (3). Thus, phase 3 of GVHD biology is characterized by the activation of extracellular matrix components, typically due to differentiated myofibroblasts leading to the pathogenic stages of fibrosis (3, 31). Transforming growth factor (TGF)β is a hallmark cytokine for the initiation of profibrotic processes and is secreted by many cell types, including tissue macrophages (3, 94). However immune components responsible for sustained fibrosis are not well known. Differentiated B-cells, plasma cells with immunoglobulin (Ig) deposition, as well as Th2-, Th17- and Treg cells are also known to be involved in profibrotic stages, but this is likely to be related to organ-dependent pathways (3, 94). In theory to overcome cGVHD, alloreactive donor T-cells should be depleted, Tregs and thymus function restored (3). Consequently, tissue repair and fibrosis may resolve the progressive GVHD reaction (3).

Emerging evidence highlights that different organ and tissue sites are involved with specific cGVHD pathobiological processes, and that early and late onset involves different pathways (31, 86, 95). Detailed studies are required to investigate the pathophysiological models into type of organ structure; exocrine glandular epithelium with dysfunctional lacrimal- and salivary glands, or manifestations of stratified skin and mucosal epithelium (33). Evidence suggests that organs derived from the same embryologic origin, like ectodermal skin, eyes and oral mucosa share some common cGVHD pathways (33, 96). In the next section, we consider the general cGVHD biological model with respect to our current knowledge and understanding of oral cGVHD pathophysiology (Figure 3) (3).




Figure 3 | Biological phases of oral mucosal GVHD. A three-phase model described for cGVHD biology can be extrapolated with respect to the oral mucosal presentation. Phases 1 and 2, associated with lichenoid inflammatory components, typically show clinical lichenoid-like signs, whereas phase 3 might be observed with increased white plaque and aberrant fibrotic healing. The complex late phase of GVHD is ascribed with additional scleroderma and perioral fibrosis, as well as increased oral potentially malignant lesions. Different manifestations in the oral mucosa can be observed in both clinically active and non-active cGVHD at each of the different phases.






Pathophysiology and biological phases of oral cGVHD

Immediately post-HCT, white mucosal striations are viewed as non-active clinical features, as lesions often are asymptomatic without any need for treatment, whereas severe lichenoid cGVHD is accompanied by erosive features (Figures 2, 3) (38, 45). Although active inflammatory manifestations (phase 1) and increased pathological features are present for most patients within the first year after HCT, a patient-dependent association needs to be considered (43, 44). Effector mechanisms in oral cGVHD are similar but not identical to patients with OLP or Sjogren’s Syndrome (44, 59, 97–102). Th1, Tc1 and Th17 cells are the predominant cell types in oral mucosal and salivary gland cGVHD, aggregating close to the mucosal epithelium, and within ducts and acini units (3, 44, 46, 59, 97, 103). Dendritic cells have been primarily described as Langerhans cells (CD1a), but evidence of plasmacytoid-like dendritic cell involvement has also been reported in oral cGVHD (44, 46, 59, 60, 98, 100, 104–106). Th1-cells have been suggested to play a role in early phases of the disease but with cGVHD severity these are not as elevated as Tc cells and macrophages (44, 59, 97). Over time in active and severe cGVHD, Th cells stably persistent, whereas Tc cells increase (44). Tc cells in lichenoid oral mucosal cGVHD have been shown to express T-bet, the transcription factor for Th1/Tc1 polarization (59). These type 1 T-cell responses are driven by the IFN cytokines with increased expression of chemokine receptor chemokine receptor (CXCR3) critical for tissue migration (59, 97, 106, 107). The effect of Tc1 cells is distributed via the granzyme-B and perforin pathway (59, 101). Interestingly, post-HCT, unaffected mucosa might display sub-clinical cGVHD, which strongly associates to cGVHD onset and the presence of Th, Tc and Tregs (43, 44, 60, 107–110). Infiltrating T-cells (Th1, Tc1 and Tregs) have been shown to increase in direct proportion to each other but these levels fluctuate with pathological severity and disease duration (44, 58, 59, 97, 107).

Macrophages (CD68 and CD163) in oral mucosal and salivary gland cGVHD tissues are reported inconsistently, but evidence suggests a strong association with oral mucosal cGVHD inflammatory severity and duration (44, 46, 55, 58–60, 100, 111). One study reported CD68+ macrophages to express CD2ap, a plasmacytoid dendritic cell phenotype, and this CD68+CD2ap+ population was associated with oral mucosal cGVHD severity (59). Plasmacytoid dendritic cells have been suggested to migrate into the oral mucosa upon inflammation with type 1 IFN secretion, leading to a storm of chemokines and cytokines, and subsequent cGVHD initiation (59, 106, 112). Macrophages have been described in the mucosa of non-cGVHD patients, as well as those with inactive oral cGVHD pathology, which suggests pro- and anti-inflammatory processes, including phagocytosis and driving the fibrotic processes (3, 44, 113). Hypothetically it could be postulated that host macrophages could have the capacity to limit GVHD and restore conditioning-associated tissue damage, whereas donor macrophages could be involved in GVHD primary inflammatory infiltrate and antigen presenting function and could be used to assist histopathological investigations to understand biological progression (44, 46, 113–115).

During cGVHD propagation into phase 2 (Figure 2), persistent clinical ulcerations might be visible due to dysregulated immunity (3). Tc cells seem to diminish, Th cell infiltrate remains frequent, and the macrophage immune profile predominates compared to healthy (44, 59, 94). To our knowledge, no study has examined the characterization of cell populations with respect to the biological phases, but progression into distinctive erosive features have proposed a Th2-polarized response (94, 97). The cytokine profile of Th2 cells are typically IL-4 and IL-5, and C-C chemokine receptor 4 (CCR4), which have been described associated to both oral mucosal and salivary gland cGVHD infiltrations (97). Dendritic cells have been observed in the oral epithelium, and as sporadic migrating cells into the lamina propria of the oral mucosa, however, immunolocalization displayed a patient-dependent variation (44). Studies into Th17 cells are few, but evidence suggests a role in the oral mucosal cGVHD infiltrate (103). Intra-epithelial lymphocytes are even present with reduced inflammation, which suggests persistent effector activity or the involvement of tissue-resident T-cells in the pathogenesis (44, 116). Oral ulcerative cGVHD is often painful but often resolves into the late biological phase (38, 45). A high incidence of clinical hyperkeratotic plaques have been associated with oral cGVHD, and warrants further investigations as potentially the most common oral manifestation late post-HCT (45, 117). We might speculate that cGVHD inflammatory phase 2 displays histopathological and immunological features typical of lichenoid reactions, including lichenoid plaque and annular lesions. However, lichenoid plaques do not significantly reduce when using topical agents, like clobetasol, which suggests more than an active inflammatory etiology (44, 53, 117, 118).

There is a need to define early features of inflammatory salivary gland cGVHD, phases 1 or 2 to identify patients with low saliva flow rate, clinical mucoceles or using biomarkers to improve the diagnosis and management these patients in (21, 72, 102, 119–121). The glandular damage caused by chemotherapy and cGVHD onset has been shown to change saliva composition but not necessarily attributed to decreased salivary flowrate (67). Active oral cGVHD is reported with lower albumin and salivary IgA, and higher complement proteins with altered levels salivary IgG (34, 36, 122). There is a need to determine whether the pathogenesis of Sjogren’s Syndrome differs from salivary gland GVHD (46, 123). Sjogren’s Syndrome infiltrate is described with Th1 cell predominance, but dendritic cells, B-cells and macrophages are also part of the primary response (124). It is interesting that macrophages and CD1a dendritic cells are suggested to increase the focus-score with Sjogren’s Syndrome infiltrate (125, 126). Prolonged salivary gland cGVHD is associated with increased albumin, sodium, and anti-microbial proteins, such as lactoferrin (47, 72, 119, 127). It is noteworthy to recognize that the interaction of and changes to the microbiota in oral cGVHD remains under explored and an area for potential future research (128, 129).

The fibrotic stage (phase 3) is represented as mucosal scleroderma, and salivary gland cGVHD leads to degenerated acinar structures, fibroplasia, and functional impairment of saliva secretion (3, 47). Clinical fibrotic components might be less prominent for oral mucosal cGVHD, but some reports describe oral lichenoid-sclerodermatous plaque and erosions, and oromandibular parafunctions into phase 3 (Figure 3) (80, 81). Aberrant healing in phase 3 might represent the transition into non-typical lichenoid clinicopathological features, such as frictional/factitial keratosis, non-reactive or dysplastic leukoplakia (45, 53, 117, 118, 130). A distinct characteristic of the fibrotic biological stage is found in patients with limited mouth opening, displaying features of sclerotic skin cGVHD (Figure 3) (3, 33). Within the literature, B-cells are rarely found at sites of oral cGVHD, especially compared to Sjogren’s Syndrome patients, despite increased circulating autoantibodies in cGVHD patients (44, 58, 59, 78, 128). No verified autoantibodies have been correlated with type or severity of cGVHD (47, 128, 131). Mucosal manifestations show aberrant healing properties, genomic instability, and increased potential for hyperkeratotic lesions, proliferative manifestations, and malignant transformation (3, 45, 132–135).

Lichenoid cGVHD immunobiology is complex and might wax and wane with or without therapeutic intervention. A reactivation of GVHD inflammation may happen due to the biological nature of the disease or due to tapering of treatment. Time post HCT might not explain the true nature of cGVHD, and as such the clinicopathological assessment will be important to improve our biological staging of cGVHD. Patients may have progressed to phases 2 or 3, but display active acute or chronic inflammatory components associated with the pathophysiology of phase 1 (4, 45, 130). However, difficulties have arisen in defining the early and late time frames post-HCT, for example, immediate 0-12 months, intermediate 13-47 months and late >47 months (45). The intervention of donor lymphocyte infusion could also trigger a new disease activation, and patients have been reported with both acute oral symptoms and cGVHD features (136). While oral cGVHD duration has been adapted to reflect the biological changes, such as onset 0-3 months, progression 4-6 months, propagation 7-18 months and late >18 months (43). This is an area where the field needs to reflect the pathophysiological phases of clinical lesions and potential biomarkers rather than timepoints. (Figure 3). Demarosi et al. reported a patient with classic asymptomatic cGVHD features (phases 1-2) but whose cGVHD reactivated almost four years later with an erythematous patch and overlapping acute, and cGVHD inflammation (137). The lesion later transformed into OSCC. This case study highlights the need for careful consideration of the biology and highlights a morbid proliferative state involving erythematous patches, but these features warrant further investigations (138). In summary, the complex phases of longstanding oral cGVHD (with unconfirmed overlapping biological phases) remains to be explored, including the understanding of the lichenoid biology that might progress and abate leading to manifestations of aberrant healing and dysplasia.





Morbid cGVHD and considerations for malignant transformation

At the latest NIH Consensus meeting in 2020, skin and fascia, ocular and lung cGVHD were ascribed with high morbidity due to dysfunctional fibrotic pathophysiology (49). Liver and GI tract cGVHD were also identified with a high risk of mortality. Morbid oral cGVHD was discussed in patients, in terms of low QoL and associated increased risk of malignant transformation (49).

Patients with cGVHD experience decreased QoL to varying degrees. Active oral cGVHD contributes to QoL, with functional impairment, activity limitation and pain, regardless of being solely or associated with extra oral cGVHD manifestations (23, 139). Stolze et al. found that diminished QoL, tested with the cGVHD oral health impact profile was correlated with the NIH mouth sensitivity scale (140). The authors further stated that the functional attributes of the oral mucosa and dentition had higher negative impact on the QoL compared to social parameters (140). The association between xerostomia and QoL post allogenic HCT might depend on the extent and cause of salivary gland dysfunction (39, 47, 66, 140). Hyposalivation and dry mouth are not necessarily associated with cGVHD and mucosal involvement (33). However, severe cGVHD sicca syndrome is documented with extensive atypical caries and risk of tooth loss leading to functional impairment (40). Perioral fibrosis may lead to dysfunctional oral aperture, and tentatively decreased QoL. Bassim and colleagues found ≤8% of their cGVHD patients displayed more than one measurable feature of the different pathophysiology’s (oral mucosal, sicca syndrome and perioral fibrosis). The confirmation of more than one pathophysiology including patient associated symptoms, may show significant association with decreased QoL and definable as morbid oral cGVHD (33).

The Oral Potentially Malignant Disorders Working Group (revised consensus 2020) classified lichenoid mucosal manifestations including OLP, oral lichenoid lesions and oral mucosal cGVHD with a verified risk of malignant transformation (48, 53, 141). Other mucosal abnormalities: leukoplakia and its variants (malignant transformation rate ~1–50%), and erythroplakia (malignant transformation rate ~20%) should be considered as high-risk lesions, with the need for personalized management (53, 142–144). The lichenoid field struggles to define if, and what lesions of the lichenoid spectrum should be considered as potentially malignant. Lichenoid malignant transformation rate has often been referred to as low (~1–2%), however a meta-analysis reported that malignant transformation is probably underestimated pin-pointing red atrophic erosive lesions with dysplasia (malignant transformation rate ~6%) carried the highest risks (141). Plaque lesions have also been discussed as potentially high risk, associated with malignant transformation, but difficulties in separating these lesions from leukoplakia have led to conflicting clinical characterizations (53, 145). A case series of oral mucosal cGVHD patients with hyperkeratotic plaques observed that lesions either resolved pontaneously, remained unchanged or progressed to secondary oral cancer over time (130). Another retrospective study found grades of dysplasia, cancer in situ and OSCC in oral cGVHD pathology specimens and reported a high prevalence of hyperkeratotic plaque and erosive-atrophic manifestations (146). Oral mucosal cGVHD has been reported with increased genomic alterations leading to molecular abnormalities with multifocal and recurrent OSCC transformation (132, 133, 147). For long-term survivors of oral mucosal cGVHD who continue with immunosuppressive therapy, it is recommended to evaluate manifestations with exophytic, indurated ulcerative associated non-homogenous well-demarcated leukoplakia’s with biopsy (35, 132, 146, 148–151). It is of interest that a Sjogren’s Syndrome diagnosis is also associated with an increased risk of developing secondary lymphoma, something that has not been reported in the field of salivary gland cGVHD (152, 153).

One hindrance to the characterization of oral mucosal cGVHD severity, with associated risk of malignant transformation has been the conflicting terminology (52, 53, 146). To benefit future research advances and increase our understanding of the lichenoid biology with aberrant healing into phase 3, we suggest that lichenoid plaques be considered as striation-like homogenous lesions as they are often surrounded by lichenoid active immunopathological features (53, 118). Thicker and well-demarcated plaques, which are possibly surrounded with erythema, could be considered as an altered sign of aberrant remodeling and verrucous or dysplastic features (4, 53, 118). However, this phenomenon needs close observation as it could be an early sign of cGVHD associated with oral proliferative erythro-leukoplakia (134, 135, 138, 154). These lesions show high malignant transformation and a wide spectrum of histopathological status: corrugated, bulky, verrucous, hyperkeratosis/hyperplasia, or reactive lesions ranging from dysplasia to OSCC (53, 155, 156).

The field of “lichenoid proliferative verrucous leukoplakia” has gained much attention recently following reports describing lichenoid biology progressing into a proliferative state (154, 157–159). OLP white striations might progress and display verrucous plaque with or without dysplasia, and likewise proliferative verrucous leukoplakia might have episodes with biopsy verified OLP inflammation (154, 159). Subsequently, this suggests that oral mucosal cGVHD, or OLP/oral lichenoid lesions-like patients, could within the nature of the disease, “wax and wane” from active to the fibrotic phase, and hypothetically continue into a proliferative state with aberrant tissue remodeling and occasional active inflammatory components (3). This state, with verrucous, erythematous, and probably lichenoid lesions, favors the descriptive condition of proliferative erythro-leukoplakia and needs early recognition in the clinical setting (132, 133, 138). However, longitudinal investigations are needed to describe morbid oral cGVHD with an emphasis on clinical and pathophysiological patient descriptions (48). The oral cavity is a high-malignant transformation risk (potentially ≥10-fold) organ for secondary cancer development post allogenic-HCT (160–162). These patients present with a broad range of oral cGVHD NIH grades (0–3), which suggests the potential need to rephrase the diagnostic nature of asymptomatic non-ulcerative proliferative lesions to highlight morbid oral mucosal cGVHD status (133, 148). Therefore, controlled cohort studies are needed to address which oral cGVHD patients (with characterized diagnostic lesions and score, and designated pathophysiology and biological phase) present with altered morbidity, and to define if manifestations with increased mortality are due to lichenoid cGVHD spectrum or concurrent complications resulting from other allogenic HCT/GVHD associated explanations.






Oral cGVHD management and treatment options

Management of global cGVHD is based on clinical severity and organ dysfunction. Mild cGVHD is first treated with topical steroids or CNI agents, and systemic corticosteroids are used for patients with moderate to severe cGVHD (163, 164). As such, first line treatments often include a combination of Prednisone with or without CNIs (164, 165). At the recent NIH cGVHD Consensus meeting, a cGVHD treatment report was established (22). As many as 50% of cGVHD patients become steroid refractory and demand a second line treatment within the first two years post-HCT (164, 165). Increased understanding of the different pathophysiology’s involved in cGVHD, has led to multiple trials focused on investigating therapeutics related to specific cGVHD pathways rather than using broad immunosuppressants (22). Many options are available for second line treatments, but no consensus or patient-steered recommendations are available for steroid refractory disease (1). Therapies might involve extracorporeal photopheresis, B-cell depletion (Rituximab), anti-metabolite immunosuppressant (Mycophenolate Mofetil), chemotherapy (Methotrexate), and many other biological drugs are currently being investigated in clinical trials (reviewed in Saidu et al., and Wolff et al) (164–168). In recent years, three drugs were approved by the United States Food and Drug Administration (169). All three (Ibrutinib, Ruxolitinib, Belumosudil) belong to the family of kinase inhibitors and are authorized as second- or third-line treatments for cGVHD (169). Indeed, in an era of personalized medicine, these state-of-the-art immunobiological approaches have demonstrated significant interventional responses for the treatment of oral lichenoid and proliferative lesions, in particular Ruxolitnib (134, 170, 171).

Treatment of oral cGVHD aims to alleviate symptoms and heal ulcerative severe lesions using oral topical ointments or gels of corticosteroids (Figure 4) (35). Dexamethasone (0.5 mg/5ml), clobetasol (0.05-0.025%) or triamcinolone 0.1% are often used (35). Only one randomized clinical trial has investigated the superior effect of clobetasol (0.05%), in comparison to dexamethasone for oral mucosal cGVHD, with a significant partial to complete response reported for 85% of the patients (117, 172). Other immunosuppressants, such as topical tacrolimus 0.1%, showed less effective clinical and histopathological responses compared to topical corticosteroids but is preferably used for lip manifestations (35, 57, 60, 117). Evidence points out that combination therapy might give some additional therapeutic effects (57, 173). Topical tacrolimus ointments need to be monitored for altered serum levels, particularly when persisting for longer than two weeks (57). The link between clinical and biological features is needed to guide therapeutic options for the individual cGVHD state (22). With improved patient characterization, standardized clinical decision making for oral cGVHD treatment is an important tool for improved personalized medicine (Figure 4). The NIH clinical trial specific core measure OMRS (0–12), and the NIH patient and clinician reported treatment responses (-3 to +3) are vital in clinical research but also for routine care management evaluation (16). Furthermore, the importance of a patient subjective response to treatment was recently highlighted as a concept of QoL, but it did not always cohere with the clinical measurements (174). For oral cGVHD however, a significant association has been reported between NIH clinical and patient reported responses (174).




Figure 4 | A standardized decision-making treatment algorithm to support step-by-step management of oral cGVHD manifestations. (A) Topical or intra-lesional corticosteroids remain the first line therapy, but patients might require additional agents to illicit a response. Therefore, clinicians are encouraged to acknowledge patient subjective responses along with the NIH cGVHD therapeutic measures to assess response and to decide whether to prolong or switch adjunctive treatment in patients with a partial response. (B, C) Treatment refractory patients might present at different levels of the decision tree, and continuation of corticosteroids needs consideration, along with the additional effects of calcineurin inhibitors (B), or those demanding systemic treatment or novel second line treatments (C) for their oral cGVHD. Created with BioRender.com.



In addition, long-standing cGVHD and immunosuppressive medications have been shown to raise the risk of Candida, bacterial and viral infections, as well as increasing the risks of developing OSCC (29, 35, 48, 175). Oral mucosal cGVHD distinctive signs of atrophy, pseudomembranous and oral ulcers therefore need further testing to rule out concurrent pathologies including possible drug toxicity. Maintenance of oral hygiene for patients with ulcerative and sclerotic mucosa, with decreased mouth-opening is difficult. With the increased occurrence of caries and periodontitis, associated dental treatments are technically harder to perform and expensive for patients (29, 35, 40, 50). Sharp teeth smoothed, and a soft mouth splint manufactured to protect the mucosal surfaces from trauma, particularly if the patients suffer from dry mouth.

Management of dry mouth-related issues include non-prescribed lubricants, to compensate for low saliva function (35). However, there is conflicting evidence as to whether prescribed topical treatments, such as clobetasol, improve the feeling of xerostomia or increase saliva flow rates (117, 173). Sialagogue therapy, commonly Pilocarpine, remains an option but patients need close observation for development of any potential pulmonary side-effects (35, 176). One study tested a soft mouth guard with electrostimulation providing apparent relief of symptoms; however, large-scale studies are needed to evaluate the efficacy (177). In the case of mucoceles, the effect of topical corticosteroids is non-significant, surgical removal or corticosteroid injection might improve clinical status, but this is seldom needed due to spontaneous recovery (35, 173, 178).

Altered perioral fibrosis could lead to limited mouth opening and parafunctions, which affects patients’ oral hygiene but also hinders necessary dental treatment (35, 81). Dental prophylaxis is highly recommended with increased fluoride exposure, close observation, and support from dental professions (35, 81). Some patients might benefit from a jaw trainer, or botulinum toxin injections, to widen and stretch the affected tissues (35, 81). Patients may also feel pain and develop oromandibular and mucosal manifestations related to fibrotic pathobiology, and therefore need to be closely monitored to distinguish from other tentative causalities (35, 81).

With respect to oral cGVHD, severe refractory lesions could also be a target for intra-lesion corticosteroid injection, as well as systemic treatment with prednisolone (35, 179). Novel clinical therapeutics have involved injection of mesenchymal stromal cells for refractory ulcerative oral mucosal cGVHD, topical azathioprine and phototherapy including photobiomodulation or photochemotherapy using psoralen and ultraviolet A have also been explored with positive effects (180–184). In an era of personalized medicine, randomized controlled trials with improved patient characterization are warranted, particularly since biological drug candidates and novel therapeutic interventions are being introduced.





Discussion and conclusions

Oral cGVHD is a heterogenous disorder affecting both oral mucosal and salivary gland tissue. In times of personalized medicine, tools are required to characterize cGVHD patients for clinical activity, histopathological severity and/or aberrant tissue formation or fibrosis that considers the disease state (3). Treatment strategies are also moving from broad and generalized immunosuppression to targeting disease specific pathways and manifestations (22, 134). Today, diagnosis and management rely on clinical surveillance, that might be accompanied with a biopsy. Oral mucosal cGVHD has been widely studied but the terminology and definitions continuously need refinement to improve future clinical trials (4, 14). Hyperkeratotic plaque is a vague description, and a definitive definition of “lichenoid plaque”, “leukoplakia” or “proliferative (verrucous) leukoplakia” could provide improved support for clinicopathological reports. Likewise, cGVHD severe erythema might represent the high risk erytroplakia lesion in these patients. Oral mucosal cGVHD could also guide the OLP research field with prospective studies to ameliorate our understanding of the potential continuum of lichenoid lesions into a state of proliferative leukoplakia (185). With respect to salivary gland cGVHD, early clinical recognition is complex, and the pathophysiology might only reflect systemic severity or earlier inflammation (14). Therefore, considering potential sub-clinical disease activity (e.g., active disease signs, aberrant tissue remodelling or dysplasia), we emphasize biopsy sampling as a routine recommendation, particularly for patients with prolonged cGVHD (43, 44, 48, 53).

Improved clinical and diagnostic stratification should result in a more homogenous patient population, and the identification of predictive and prognostic biomarkers would provide more diagnostic support (21). Tissue and saliva sampling are vital sources for the identification and validation of biomarkers (21, 120, 186). The pathophysiology has provided key indicators. Th-cells and macrophages are plastic with the ability to polarise into various functionalities and warrant further investigation (44, 187–189). Tc cells as the main drivers of tissue destruction and diagnostic clinical severity, diminish over time but reflect the transition from active inflammation into aberrant tissue remodelling (3, 94) (44). Yet the knowledge gap remains for morbid forms of oral mucosal cGVHD, including the risk for cancer transformation (49). Thus, the exploration of tissue- and saliva-based biomarkers is significantly needed and would add support for clinical care, to understand patients at risk of morbid forms of cGVHD and cancer development.

In conclusion, cGVHD onset is linked to an elevated pathophysiology in healthy and lesion mucosa, as well as in the salivary glands, suggesting systemic measurable activity. Since oral cGVHD continues to be considered as a single composite disorder, discussions concerning the lack of evidence relating to prevalence and impact persist. This is further hindered, in that oral cGVHD lichenoid manifestations are broad with tissue-specific pathways, each with individual clinical subtypes involving active and fibrotic phases, including malignant transformation. Importantly, patients with mild, and severe clinicopathology, present with significantly different immune cell profiles due to pathophysiological differences during onset, progression, propagation, and late stages. Hence, improved clinical and pathological characterization together with assessments in line with biological time-points are needed to improve the outcomes of future research. Acknowledging the obstacles surrounding longstanding oral cGVHD, researchers have a great opportunity to improve the characterization and knowledge surrounding the lichenoid biology leading to morbid forms. As a result, this will lead to an increased understanding of GVHD biology and personalized treatment approaches.
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