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                                                                                                                        Abstract

                                                            Ocular chronic graft-versus-host disease is one of the most bothersome common complications following allogeneic hematopoietic stem cell transplantation. The National Institutes of Health Chronic Graft-versus-Host Disease Consensus Project provided expert recommendations for diagnosis and organ severity scoring. However, ocular chronic graft-versus-host disease can be diagnosed only after examination by an ophthalmologist. There are no currently accepted definitions of ocular chronic graft-versus-host disease activity. The goal of this study was to identify predictive models of diagnosis and activity for use in clinical transplant practice. A total of 210 patients with moderate or severe chronic graft-versus-host disease were enrolled in a prospective, cross-sectional, observational study (clinicaltrials.gov identifier: 00092235). Experienced ophthalmologists determined presence of ocular chronic graft-versus-host disease, diagnosis and activity. Measures gathered by the transplant clinician included Schirmer’s tear test and National Institutes of Health 0–3 Eye Score. Patient-reported outcome measures were the ocular subscale of the Lee Chronic Graft-versus-Host Disease Symptom Scale and Chief Eye Symptom Intensity Score. Altogether, 157 (75%) patients were diagnosed with ocular chronic graft-versus-host disease; 133 of 157 patients (85%) had active disease. In a multivariable model, the National Institutes of Health Eye Score (P<0.0001) and Schirmer’s tear test (P<0.0001) were independent predictors of ocular chronic graft-versus-host disease (sensitivity 93.0%, specificity 92.2%). The Lee ocular subscale was the strongest predictor of active ocular chronic graft-versus-host disease (P<0.0001) (sensitivity 68.5%, specificity 82.6%). Ophthalmology specialist measures that were most strongly predictive of diagnosis in a multivariate model were Oxford grand total staining (P<0.0001) and meibomian score (P=0.027). These results support the use of selected transplant clinician- and patient-reported outcome measures for ocular chronic graft-versus-host disease screening when providing care to allogeneic hematopoietic stem cell transplantation survivors with moderate to severe chronic graft-versus-host disease. Prospective studies are needed to determine if the Lee ocular subscale demonstrates adequate responsiveness as a disease activity outcome measure.
                                                            
                                                            Introduction
Ocular chronic graft-versus-host disease (cGvHD) is a frequent long-term complication of allogeneic hematopoietic stem cell transplantation (HSCT), occurring in 40%–80% of patients.21 Common symptoms are dryness, irritation, pain, redness, and blurred vision (Figure 1).3 Corneal erosions and perforations can occur, and in rare cases of anterior chamber or choroid plexus involvement, blindness can result.54
[image: ]

Figure 1.Images of ocular cGvHD. (A) Red, irritated, dry eyes. (B) Upper tarsal conjunctival scarring. (C) Punctate keratopathy. D) Corneal epithelial sloughing.
The pathophysiology of ocular cGvHD is poorly understood, but is thought to be secondary to donor-derived T-cell mediated inflammatory processes. Due to homing signals, CD4 and CD8 T-lymphocytic infiltrates form in the periductal areas of lacrimal and meibomian glands, leading to accumulation of extracellular matrix (ECM), stromal CD34 fibroblasts and subsequent excessive fibrosis,76 resulting in lacrimal gland function impairment. Tissue sections of the lacrimal glands have been found to exhibit increased expression of HSP47 in fibroblasts, which promotes excessive collagen accumulation.8 Ocular surface abnormalities include infiltrates of T cells, with increased CD8: CD4 ratios9 and increased expression of Th1-associated chemokines, such as IL-17.10 Other pathways of inflammation leading to ocular cGvHD have been proposed, such as the upregulation of ICAM-1 expression in conjunctiva11 and, more recently, the activation of the toll-like receptor 2 (TLR2) mediated NF-κB pathway.12
Unlike sclerotic skin cGvHD, which is a diagnostic manifestation of cGvHD, ocular cGvHD must be confirmed by an ophthalmologist.1413 In 2013, the International Ocular cGvHD Consensus Group published ophthalmology diagnostic guidelines for ocular cGvHD,15 which recommend evaluation of the ocular surface disease index (OSDI), Schirmer’s without anesthesia, corneal fluorescein staining and conjunctival injection, with each parameter assigned a severity score (0–3). Based on the aggregate score, and the presence of systemic cGvHD manifestations, a diagnosis of ocular cGvHD can be made. This diagnostic scoring system has not yet been prospectively validated, and exact ophthalmology criteria for cGvHD diagnosis remain to be defined.
The National Institutes of Health (NIH) cGvHD Consensus Project in 2005 proposed guidelines for transplant clinicians to assess ocular cGvHD severity; specified measures were the NIH eye score, Schirmer’s tear test, Lee cGvHD symptom scoring and chief eye symptom score.132 Apart from removing the Schirmer’s tear test from the severity scoring scale, these recommendations did not change in 2014.14 The ability of these criteria to predict ocular cGvHD diagnosis based on expert ophthalmologic examination is not known. In addition, there are no evidence-based recommendations regarding when transplant clinicians should suspect ocular cGvHD diagnosis and refer patients to an ophthalmologist for evaluation.
Accepted therapeutic response measures in ocular cGvHD are also lacking. The NIH cGvHD Consensus conference in 2005 proposed the Schirmer’s tear test as a measure of response, but a large prospective longitudinal study by Inamoto et al. demonstrated that the Schirmer’s tear test did not correlate well with either provider- or patient-reported perceptions of change in ocular cGvHD severity.16 Additional investigations are needed to identify which specific measures are most strongly associated with ocular cGvHD activity, and thus might have been expected to have the best performance characteristics in measuring ocular cGvHD response in a clinical trial or in clinical practice.
Despite the high frequency of ocular cGvHD post HSCT, risk factors and clinical characteristics of ocular cGvHD are not completely understood. Matched related donor HSCT, male gender, prior acute skin GvHD, and oral and skin cGvHD involvement have been found to be associated with ocular cGvHD.171 Reliable identification of risk factors for ocular cGvHD could select patients that might benefit from early intervention and provide insight into the pathophysiology of this condition.
The objective of this study is to determine which aspects of the NIH cGvHD severity scoring criteria are most predictive of ocular cGvHD diagnosis in a large, well-characterized cohort with moderate to severe cGvHD enrolled on a cross-sectional natural history study. Patients underwent a standardized ophthalmology specialist examination and each patient was determined as having ocular cGvHD diagnosis or not. Since there are no standard definitions for ocular cGvHD activity, a second objective of this study was to use ophthalmology expert decision as the gold standard (active vs. inactive ocular cGvHD) and determine which factors of the ophthalmology examination and transplant clinician examination correlate most closely with the presence of active ocular cGvHD.
Methods
The National Cancer Institute (NCI) cGvHD natural history protocol is a cross-sectional study in which patients present for a one-week multispecialty cGvHD assessment and clinical data collection.18 This protocol was approved by the NCI Institutional Review Board (IRB) and all patients signed an IRB approved informed consent. Patients were examined by one of 2 experienced ophthalmologists (MBD, RJB) who assigned a severity score for each of the following: meibomian gland plugging; lid margin swelling, erythema and debris; conjunctival injection and conjunctival chemosis (Table 1). Visual acuity by Logmar,19 tear film breakup time, Oxford staining grand total score (corneal and conjunctival) and Oxford corneal staining were also obtained.20 Since two values were obtained for each patient (right eye, left eye), the maximum value for Logmar, Oxford staining, meibomian score, lid swelling, lid erythema, tear film debris, conjunctival injection and chemosis was selected for each patient, and the minimum value selected for Schirmer’s and tear film breakup time. Ophthalmologists confirmed the diagnosis of ocular cGvHD (yes-no) and classified it as active versus inactive based on their expert opinion.
[image: ]

Table 1.Specialized ocular surface disease assessment by ophthalmologist.
In the transplant clinic, an eye dataset comprising of 4 measures was created for each patient (Table 2). Clinician-reported measures were the Schirmer’s tear test without anesthesia and NIH 0–3 eye score.13 Patient-reported measures were also obtained: chief eye symptom intensity score21 and three items drawn from the Lee cGvHD Symptom Scale (bothered by dry eyes, needing to use eyedrops frequently, and difficulty seeing clearly).
[image: ]

Table 2.Description of transplant clinician-reported and patient-reported ocular measures.
Variables examined for ocular cGvHD risk were gender, age at study enrollment, cytomegalovirus (CMV) status of recipient, transplant conditioning (myeloablative vs. non-myeloablative), donor relationship (related vs. unrelated), donor gender (male vs. female), gender match (matched vs. unmatched), HLA match (matched vs. unmatched), type of GvHD prophylaxis used at transplant (tacrolimus-based, vs. cyclosporine-based, vs. T-cell depletion), receipt of donor lymphocyte infusion (DLI) post-transplant, prior acute graft-versus-host disease (aGvHD) of any type, prior aGvHD skin, aGvHD gastrointestinal (GI) tract, and/or aGvHD liver, and days from transplant to cGvHD diagnosis. CGvHD characteristics included: the type of onset (progressive, de novo or quiescent), cGvHD classification (classic, overlap or late acute), and cGvHD NIH organ severity scores for genital tract, joint/fascia, lungs, liver, GI tract, eyes, mouth, and skin. Measures were collected across the course of a 1-week cGvHD. Associations between ophthalmologist-, transplant clinician- and patient-reported measures and specialist confirmation of the diagnosis and degree of activity of cGvHD were examined through univariate analysis. The association between risk factors and cGvHD characteristics and specialist-confirmed cGvHD diagnosis was also assessed using univariate statistics.
Between groups comparisons were performed using a Wilcoxon rank sum test (continuous parameters), Cochran-Armitage test for trend (ordered categorical parameters,22 Fisher’s exact test (dichotomous parameters), or Mehta’s modification to Fisher’s exact test (unordered categorical parameters).23 Logistic regression modeling using step-wise elimination identified factors jointly associated with ophthalmologist-confirmed presence of ocular cGvHD, and factors jointly associated with active versus nonactive cGvHD. All P-values are two-tailed and reported without any formal adjustment for multiple comparisons. In view of the large number of exploratory analyses performed, only univariate tests with P<0.005 were considered statistically significant, while those for which 0.005<P<0.05 were interpreted as reflecting strong trends.
Results
Sample
A total of 293 adult and pediatric patients were enrolled between 2004 and 2013. The first 49 patients did not undergo a comprehensive eye examination with all ophthalmology measures, except for patient #26, since these standardized procedures had not yet been implemented in the protocol. Of the remaining patients (patient #50 onwards), 12 patients were removed from the analysis because the examining ophthalmologist was unable to discern the presence of ocular cGvHD, most often due to the presence of concurrent pathology such as infectious conjunctivitis. Seven patients were removed from the analysis because they were not found to have cGvHD in any organ system, including the eye. Eight patients were removed from the study because there were too many data missing from the ophthalmology evaluations, for reasons that included participant withdrawal from the study due to acute illness, lack of time to complete the eye examination due to scheduling conflicts or because an expert ophthalmologist was not available. Eight pediatric patients also did not undergo a full ophthalmology evaluation or complete the patient reported measures. The remaining cohort consisted of 210 patients whose data were used for the final analysis.
Demographics and transplant characteristics
Table 3 shows the demographic and transplant characteristics of the 210 patients. Median age was 47 years (range: 10–70 years); 55% were male (n=116) and 45% female (n=94). A total of 167 patients (80%) underwent an HLA matched allogeneic transplant, the majority receiving peripheral blood stem cells (n=166, 79%). The median time from transplant was 36.8 months (range: 4.1–292.8 months) and median time from cGvHD diagnosis to enrollment was 25.1 months (range: 0.7–219.1 months). The median number of lines of prior systemic therapy for cGvHD was 4 (range: 0–9). The majority of patients were judged to have clinically severe cGvHD based on the NIH Global score (n=153, 73%). A total of 157 patients (75%) were diagnosed with ocular cGvHD by an ophthalmologist, and of patients diagnosed with ocular cGvHD, 85% (133 of 157) were defined as having active ocular cGvHD.
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Table 3.Demographic, clinical and transplant characteristics.
Ophthalmologist-, transplant clinician- and patient-reported measures
The distribution of ophthalmologist measures and their association with the diagnosis of ocular cGvHD and “active” ocular cGvHD by univariate analysis is shown in Table 4. As expected, measures that identify and grade conjunctival, corneal, meibomian, and lid abnormalities were found to be the most strongly associated with the diagnosis of ocular cGvHD: Oxford grand total and corneal staining (both P<0.0001), meibomian score (P<0.0001), lid margin swelling (P<0.0001), lid margin erythema (P<0.0001), lid margin tear film debris (P<0.0001), conjunctiva injection score (P<0.0001), and conjunctiva chemosis score (P<0.0001). A multivariate analysis performed to determine which measures were most strongly predictive of ocular cGvHD diagnosis retained Oxford grand total (P<0.0001) and meibomian score (P=0.027). The ophthalmologist measures most strongly associated with “active” ocular cGvHD were the Oxford grand total (P<0.0001), Oxford corneal staining (P=0.0002), meibomian gland plugging (P<0.0003), lid margin swelling (P=0.0004), erythema (P=0.0003), tear margin debris (P<0.0001) and conjunctival injection (P<0.0001) and chemosis (P<0.0001). For a multivariable model predictive of active ocular cGvHD, the only ophthalmology measure retained was the Oxford grand total score (P<0.0001), which incorporates the severity staining score of both the cornea and conjunctiva.
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Table 4.Ophthalmologist-reported measures and association with the diagnosis and activity level of ocular cGVHD.
The clinician- and patient-reported measures associated with the diagnosis of ocular cGvHD and active ocular cGvHD based on expert ophthalmology exam are seen in Table 5. The Schirmer’s test (P<0.0001), item scores for three items drawn from the Lee cGvHD Symptom Scale (bothered by dry eyes, needing to use eyedrops frequently, and difficulty seeing clearly) (all P≤0.0001), the NIH eye score (P<0.0001), and the chief eye symptom score (P<0.0001) were strongly associated with the diagnosis of ocular cGvHD. Among these measures, being bothered by dry eyes (P<0.0001), needing to use eyedrops frequently (P<0.0001), and the NIH eye score (P<0.0001) were the most strongly associated with active ocular cGvHD. Of the 5 clinician- and patient-reported measures included in this model, the NIH eye score (0 vs. 1 vs. 2 vs. 3) (P<0.0001) and lower Schirmer’s tear test without anesthesia (P<0.0001) were significant independent predictors of the presence of ocular cGvHD. Table 6 shows the multivariable logistic models predictive of the diagnosis of ocular cGvHD. The resulting classification rule [2.9475 × NIH eye score − 0.2691 × Schirmer’s (mm); if => 1.0986 then ocular cGvHD is present] correctly identified 93.0% of patients with ocular cGvHD and 92.2% of patients without ocular cGvHD based on the same patients used to create the models. In a model which included all 5 clinician- and patient-reported measures as covariates, the single item asking about being quite a bit or extremely bothered by dry eyes was the strongest independent predictor of ophthalmologist-diagnosed ocular cGvHD activity. This classification rule predicted active ocular cGvHD with 68.5% sensitivity and 82.6% specificity based on data used to create the model.
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Table 5.Transplant clinician-reported measures and their association with the diagnosis and activity level of ocular cGVHD.
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Table 6.Multivariable logistic models predictive of the diagnosis of ocular cGvHD and active ocular cGvHD based on clinician- and patient-reported measures.
Risk factors and cGvHD characteristics
Related donor HSCT was associated with increased diagnoses of ocular cGvHD [103 of 124 (83%) of patients with related donors have ocular cGvHD vs. 54 of 84 (64%) of patients with unrelated donors; P=0.0029]. We also found that HLA matched HSCT was also a risk factor for ocular cGvHD, as 132 of 167 (79%) of patients with HLA matched HSCT are diagnosed with ocular cGvHD versus 20 of 35 (57%) with HLA mismatched HSCT (P=0.0095). Oral cGvHD was the only organ found to be strongly associated with ocular cGvHD (P<0.0001). None of the other parameters examined were found to be risk factors for ocular cGvHD, including type of GvHD prophylaxis (cyclosporine-based vs. tacrolimus-based vs. T-cell depleting) (Online Supplementary Appendix).
Discussion
The NIH cGvHD Consensus Project provides a set of recommendations and measures to define ocular cGvHD diagnosis and severity; however, with the exception of the Schirmer’s tear test, these criteria have not been validated and tested against the gold standard for diagnosis, which is ophthalmology subspecialist assessment.131 In addition, there is no accepted measure of ocular cGvHD activity and criteria for ocular cGvHD diagnosis by an ophthalmologist have still not been prospectively validated.16
In this analysis, we determined which of the ophthalmologist standard exam measures were most strongly associated with the diagnosis of ocular cGvHD, and found that the majority of the measures which graded abnormalities of the conjunctiva, cornea, meibomian glands, and lids were strongly associated with the presence of ocular cGvHD and active ocular cGvHD. In the multivariate analysis, however, two key ophthalmology measures were the most strongly predictive of ocular cGvHD diagnosis [higher Oxford grand total staining (P<0.0001) and higher meibomian gland score (P=0.027)], and identified higher Oxford grand total staining as most predictive of active ocular cGvHD (P<0.0001). Although it is generally recommended that a specialized eye examination include measurement of the tear film breakup time, in this analysis which included patients with moderate and severe cGvHD it was found to be less strongly associated with ocular cGvHD and active ocular cGvHD (P=0.01 and P=0.007, respectfuly). As this was a single center study, one of 2 ophthalmologists performed all examinations; our observations should be confirmed in a multicenter, longitudinal study, In addition, since the “gold standard” in this analysis was the presence of ocular cGvHD and active ocular cGvHD based on the opinion of the examining ophthalmologist, additional research is needed to examine the inter- and intra-rater reliability with which active cGvHD is identified and graded by ophthalmologists.
In a multivariable predictive model, higher NIH eye scores (3 vs. 2 vs. 1) (P<0.0001) and lower Schirmer’s tear test values (P<0.0001) were significant independent predictors of ocular cGvHD (sensitivity 93.0%, specificity 92.2%). Therefore, this predictive model may identify which patients have a high likelihood of having ocular cGvHD in transplant clinical practice, and distinguishes those patients who may benefit from referral to ophthalmology for a comprehensive evaluation and treatment plan.2 This multivariate model is a major improvement over the Schirmer’s alone, which has previously been reported to predict ocular cGvHD with only 69% sensitivity and 58% specificity.1 The latest 2014 NIH Consensus cGvHD guidelines suggest that the Schirmer’s tear test no longer be obtained by a transplant clinician in order to determine ocular cGvHD severity due to its poor correlation with patient and clinician perceptions of change in severity.14 However, we suggest that, in light of it being a significant independent predictor of presence of ocular cGvHD in this analysis, obtaining this test at the time of referral to an ophthalmologist for further evaluation is a reasonable approach. This recommendation is also consistent with the current recommendation for cGvHD diagnosis both by the NIH Consensus guidelines and by ophthalmology expert recommendations.152
Secondly, we identified measures that were found to be associated with the presence of active ocular cGvHD. Notably, the Schirmer’s test is not as strongly associated with active ocular cGvHD compared to other transplant clinic measures, such as the Lee dry eye and Lee needs eyedrops frequently scores. This is in agreement with a prospective study by Inamoto et al. which demonstrated that the Schirmer’s test is a suboptimal measure when evaluating change in severity of ocular cGvHD over time or in response to treatment.16 Loss of tear production is likely to a permanent sequelae of T-cell infiltration and subsequent fibrosis in the periductal area of lacrimal ducts, changes which have been shown to be more prominent in patients with severe dry eye compared to mild dry eye.76 Instead, a single item assessing being bothered by dry eye symptom from the patient’s perspective (Lee dry eye score item >2) had 82.6% specificity in predicting the results of examination by an expert ophthalmologist. Although subjective and potentially modified by intervention in non-blinded studies, symptoms are at the center of the cGvHD patient’s experience and validated symptom scales such as Lee scale could be a valuable and practical adjunct in assessing the disease activity in trials and clinical care.24 The Lee eye subscale has previously been shown to be sensitive to change, and was recommended as a response measure in the up-dated NIH cGvHD Consensus Guidelines.25 The sensitivity of the Lee dry eye score was, however, low for the predictive model presented here (68.5%), thus prospective studies are needed to determine if this single patient-reported measure assessing dry eye symptoms is sufficient for use as a clinical trial outcome and to guide therapeutic decision-making in clinical practice.
Thirdly, we identified an association between the HLA matched and related donor HSCT and the diagnosis of ocular cGvHD. Westenberg et al.17 also reported the trend of increased risk of ocular cGvHD in patients with related donor allogeneic transplants versus unrelated donor transplants (60% vs. 45%; OR: 1.774; 95%CI: 0.801–3.929; P=0.166). In this current study, the relationship between related and HLA matched transplants and increased risk of ocular cGvHD was not explained by the type of GvHD prophylaxis received (tacrolimus-based vs. cyclosporine based vs. T-cell depleting). Although paradoxical, the association between an HLA matched HSCT and the risk of a particular cGvHD organ manifestation is not unique to ocular cGvHD. In a report on patients with sclerotic cGvHD, Inamoto et al. reported an increase in the incidence of sclerotic skin cGvHD in patients with HLA matched donors.26 Future studies on the pathophysiology of cGvHD may shed light on these findings.
When examining the association between ocular cGvHD and other cGvHD characteristics, we found that oral cGvHD was associated with the diagnosis of ocular cGvHD. This was previously reported in an earlier, subgroup analysis of this patient cohort27 in which a significant association between dry eye and dry mouth symptoms was detected, and also in other patient cohorts.17 One proposed explanation for this association is the common developmental origins of the two organs, with involvement of ductal area target sites such as meibomian glands, lacrimal glands and salivary glands where similar infiltration patterns have been shown for T cells, fibroblasts, and other inflammatory cells.28157
There are some limitations to this study. The cross-sectional nature of the study did not allow for multiple assessments over time. Therefore, determination of active ocular cGvHD was based on the opinion of the examining expert ophthalmologist at a single time point. Ideally, serial assessments would identify the ocular findings that are truly reversible manifestations of disease and reflective of disease activity. In addition, the majority of patients included in this study had severe global cGvHD, were on high intensity immunosuppression, and a large percentage of patients had low tear production (measured by Schirmer’s tear test), as well as conjunctival and corneal surface abnormalities (measured by Oxford staining). These are, however, cGvHD patients who carry the most burden of the disease and pose major challenges in the clinic, and are, therefore, a specific focus of this research. These predictive models require validation in independent cohorts including patients with newly diagnosed or mild cGvHD for them to be applicable to other patient populations. Ideally, a prospectively designed, longitudinal multicenter study would be needed to verify these findings, in addition to having confirmation of ocular cGvHD by a comprehensive ophthalmology examination. Despite these limitations, this study was performed on a well-annotated, large sample of cGvHD patients allowing statistically meaningful analyses.
In conclusion, in a large cohort of patients with moderate to severe cGvHD, this study identified the NIH eye score and Schirmer’s tear test as strongly predictive of ocular cGvHD diagnosis. A single patient self-reported item assessing dry eye symptom bother (Lee dry eye item score >2) is specific for active ocular cGvHD and should be further evaluated as a potential clinical trial outcome measure. This study also provides compelling information about the specific components of the expert ophthalmologist examination which are most associated with determining ocular cGvHD diagnosis and activity. These findings should be validated in other patient populations and will collectively help to streamline the process of ocular cGvHD diagnosis and referring post-transplant patients for evaluation by an expert ophthalmologist.
Footnotes
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