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Abstract
Purpose—To validate measurement scales for rating ocular chronic graft-versus-host disease
(GVHD) after allogeneic hematopoietic cell transplantation. Candidate scales were recommended
for use in clinical trials by the National Institutes of Health (NIH) Chronic GVHD Consensus
Conference or have been previously validated in dry eye syndromes.

Design—Prospective follow-up study.

Participants—Between August 2007 and June 2010, the study enrolled 387 patients with
chronic GVHD in a multicenter, prospective, observational cohort.

Methods—Using anchor-based methods, we compared clinician or patient-reported changes in
eye symptoms (8-point scale) with calculated changes in 5 candidate scales: The NIH eye score,
patient-reported global rating of eye symptoms, Lee eye subscale, Ocular Surface Disease Index,
and Schirmer test. Change was examined for 333 follow-up visits where both clinician and patient
reported eye involvement at the previous visit. Linear mixed models were used to account for
within-patient correlation.

Main Outcome Measures—An 8-point scale of clinician or patient-reported symptom change
was used as an anchor to measure symptom changes at the follow-up visits.

Results—In serial evaluations, agreement regarding improvement, stability, or worsening
between the clinician and patient was fair (weighted kappa = 0.34). Despite only fair agreement
between evaluators, all scales except the Schirmer test correlated with both clinician-reported and

© 2011 by the American Academy of Ophthalmology.
Correspondence: Stephanie J. Lee, MD, MPH, Fred Hutchinson Cancer Research Center; 1100 Fairview Avenue North, D5-290,
Seattle, WA 98109-1024. sjlee@fhcrc.org..
Presented at: BMT Tandem Meeting in Honolulu, Hawaii, February, 2011.

NIH Public Access
Author Manuscript
Ophthalmology. Author manuscript; available in PMC 2013 March 1.

Published in final edited form as:
Ophthalmology. 2012 March ; 119(3): 487–493. doi:10.1016/j.ophtha.2011.08.040.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



patient-reported changes in ocular GVHD activity. Among all scales, changes in the NIH eye
scores showed the greatest sensitivity to symptom change reported by clinicians or patients.

Conclusions—Our results support the use of the NIH eye score as a sensitive measure of eye
symptom changes in clinical trials assessing treatment of chronic GVHD.

Allogeneic hematopoietic cell transplantation (HCT) is a curative treatment for many
hematologic malignancies and nonmalignancies,1 but chronic graft-versus-host disease
(GVHD) is the leading cause of late morbidity in transplant survivors, compromising both
quality of life and function.2-8 Chronic GVHD is thought to occur because the donor’s
immune system recognizes recipient tissues, causing inflammation and fibrosis. Eye
involvement occurs in 40% to 60% of patients with chronic GVHD,9-11 and ocular
symptoms may be the presenting feature of chronic GVHD. Many patients need ancillary
and supportive care for the eye, including artificial tears or other ocular lubricants, special
eyewear, or topical immunosuppressive agents, in addition to systemic immunosuppressive
treatment.12,13

Clinical trials in chronic GVHD have been hampered by lack of validated clinical or
biologic measures that can capture the severity and response to treatment. In 2005, the
National Institutes of Health (NIH) convened a consensus conference on criteria for clinical
trials in chronic GVHD to propose such measures. To be considered for inclusion in the
recommendations, a measure had to be easy to use by both transplantation and
nontransplantation care providers and easily available in the outpatient setting. For this
reason, special ophthalmologic examinations such as slit-lamp examination and corneal
staining are not included in the recommendation for eye assessment. The NIH consensus
conference distinguished between “severity” measures, which were considered cross-
sectional assessment tools that reflect current chronic GVHD involvement,14 and “response”
measures, which were intended to be assessed serially and thought to be more sensitive to
changes owing to effective treatments.15 For example, the NIH severity assessment for the
eye is based on 4 categories that physicians report.14 In contrast, the NIH-recommended
tools for response assessment included both the Schirmer test andpatient-reported
outcomes,16,17 such as the patient-reported global rating of eye symptom18 and the Lee
symptom scale.19 In addition to all the recommended scales, we also tested the Ocular
Surface Disease Index (OSDI), although this scale was originally designed to measure the
severity of ocular manifestations of Sjögren’s syndrome.20

To validate the measures proposed by the NIH consensus conference and select the best
among them, we compared clinician or patient-reported eye symptom changes with
calculated changes in serial measurement scales using a prospective cohort of patients with
chronic GVHD. We used anchor-based methods to identify the measurement scales that
were most sensitive to reported symptom change (8-point scale).21 Anchor-based methods
examine the relationship between scores on the instrument whose interpretation is under
question (target instrument) and some independent measure (an “anchor,” the gold
standard). Our goal was to eliminate insensitive or duplicative measurement scales and
recommend a parsimonious battery of measurement scales for use in clinical trials. This is
the first of a series of organ-specific analyses to validate the NIH consensus tools, which
will potentially form the basis of revised NIH recommendations.

Patients and Methods
Patients were enrolled in a multicenter, prospective, observational cohort in which all the
measures recommended by the NIH chronic GVHD consensus conference were collected.
The rationale and design of the cohort study is described in detail elsewhere.22 One of the
specific aims of this cohort study was to validate the various measures for the different
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organ systems. The study protocol was approved by the institutional review board of each
participating center, and all participants or their guardians gave written informed consent.
This analysis examined data collected through June 2010.

Patient Eligibility and Follow-up
Diagnosis of chronic GVHD was made clinically according to the NIH consensus criteria.14

Distinctive manifestations of ocular GVHD include new onset of dry, gritty, or painful eyes;
cicatricial conjunctivitis; keratoconjunctivitis sicca; and confluent areas of punctuate
keratopathy. New ocular sicca documented by low Schirmer scores, or a new onset of
keratoconjunctivitis sicca by slit-lamp examination is sufficient for the diagnosis if
accompanied by distinctive manifestations of chronic GVHD in another organ. Patients ≥2
years of age with chronic GVHD requiring systemic treatment were enrolled. Systemic
treatment was defined as any medication or intervention delivered systemically, including
extracorporeal photopheresis. Enrollment included both incident cases (enrollment <3
months after chronic GVHD diagnosis) and prevalent cases (enrollment ≥3 months after
chronic GVHD diagnosis, but within 3 years after HCT). Allogeneic HCT for any disease
with any graft source, donor type, and GVHD prophylaxis was allowed. Patients with
recurrent disease at enrollment or anticipated survival of <6 months were excluded.

Patients were evaluated at the transplant center every 6 months. Incident cases had an
additional assessment 3 months after enrollment. Patients were treated according to
institutional practice, although compliance with the NIH chronic GVHD consensus
guidelines for supportive care was encouraged.12,15

Measurement Scales and Reported Symptom Change
Validated measurement scales included the NIH eye score reported by clinicians14 (1 item;
score range, 0–3), patient-reported global rating of eye symptoms15,18 (1 item; score range,
0–10), patient-reported eye subscale of Lee symptom scale19 (3 items; score range, 0–100),
patient-reported OSDI23 (12 items; score range, 0–100), and the measured Schirmer test (Fig
1). It was recommended that the Schirmer test be performed without anesthesia in adults.
The value of the worst eye was used for analysis of the Schirmer test because the results
were similar when the average of both eyes was used. Symptoms were assessed without a
distinction of left and right eyes for other measurement scales. An 8-point scale of clinician-
or patient-reported symptom change24 was used as an “anchor” to measure symptom
changes at the follow-up visits that ranged from 1 (completely gone) to 8 (very much worse;
Fig 1).

Statistical Analysis
Clinician-reported eye involvement was defined as any symptoms by the NIH eye score.
Patient-reported eye involvement was defined as any symptoms by global rating scale or the
Lee eye subscale. Agreement between clinician and patient ratings of eye involvement at
enrollment was tested by the kappa statistic. Empirical interpretation was used for kappa
coefficient (0, no agreement; 0-0.2, slight agreement; 0.2-0.4 fair agreement; 0.4-0.6,
moderate agreement; 0.6-0.8, substantial agreement; and 0.8-1.0, almost perfect agreement).

Changes in scores for validated measurement scales were calculated by subtracting the
values recorded at sequential visits. Only paired visits with eye involvement reported by
both clinician and patient at the previous visit were included in the longitudinal analysis.
This conservative criterion for defining eye involvement restricts analysis to the population
of interest, that is, patients who would be candidates for a clinical trial of eye-directed
therapy because both the clinician and the patient agree that eye symptoms are present.
Serial changes in Schirmer scores were analyzed using raw calculated values, and the results
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were confirmed with 2 additional models exploring different definitions of serial changes,
based on NIH response criteria that consider values >10 mm as normal.25 In 1 model, all
values >10 mm were capped at 10 mm. In another model, the serial change was reset to zero
if both the initial and follow-up Schirmer scores were ≥10 mm.

A clinically meaningful change is the degree of change in a scale that is perceptible to the
evaluator as either improvement or worsening. Cutoffs for clinically meaningful change for
each scale were derived from prior publica-tions or as recommended by the NIH consensus
project. A 1-point change on a 3- or 7-point scale or 2-point change on a 10-point scale was
used for global ratings and categorical scales.15,24 A half-standard deviation change was
used for other patient-reported measures.15,26,27 A 5-mm change was used for the Schirmer
test.25

Agreement between clinician- and patient-reported eye symptom changes was tested by the
kappa statistic. To measure agreement, the 8-level reported symptom change scale was
collapsed into 3 categories: Improvement (1 [completely gone], 2 [very much better], 3
[moderately better]); stable (4 [a little better], 5 [about the same], 6 [a little worse]); or
worsening (7 [moderately worse], 8 [very much worse]). Graphical displays were used to
explore the actual changes in serial measurement scales according to clinician- or patient-
reported symptom changes. Multivariable models were constructed to examine correlations
of changes in measurement scales with symptom changes reported by clinicians or patients,
after controlling for patient and disease characteristics. Linear mixed models with random
patient effects were used to account for within-patient correlation28,29 because these models
were little affected by missing data and the results were similar with generalized estimating
equations. In multivariable models, co-variates considered were patient age at enrollment,
months from HCT to enrollment, months from onset of chronic GVHD to enrollment,
patient gender, status at enrollment (incident versus prevalent), diagnosis at transplant, graft
type, donor-patient gender combination, human leukocyte antigen and donor type (matched
sibling donor versus other), conditioning regimen (myeloablative versus other), history of
acute GVHD, other organ involvement, and education level (6-level scale). The status at
enrollment was included as a covariate in all multivariable models because it showed a trend
to affect the results. Statistical analyses were performed with SAS/STAT software, version
9.2 (SAS Inc., Cary, NC) and R version 2.9.2 (R Foundation for Statistical Computing,
Vienna, Austria).

Results
Patient Characteristics

Between August 2007 and June 2010, the study enrolled 387 patients, including 14 children
(4%). The OSDI and Schirmer tests were not evaluated in children. The median patient age
at enrollment was 51 years (range, 2-79 years). The median time from transplant to
enrollment was 12.3 months (range, 2.9–39.2 months). The cohort included 209 incident
cases (54%) and 178 prevalent cases (46%). Other demographic characteristics of patients
are summarized in Table 1 (available at http://aaojournal.org).

Agreement in Clinician and Patient Ratings of Eye Involvement and Change in Ocular
GVHD Activity

Fifty-two of 387 cases (13%) lacked eye measurement scales at enrollment. Among the
remaining 335 cases at enrollment, eye involvement was reported by clinicians in 175
cases(52%), and by patients in 231 cases (69%) (kappa = 0.40, fair agreement; Fig 2A).
Both the clinician and patient reported eye involvement at the previous visit in 333 of the
763 follow-up visits (44%). Fifty-six of these 333 visits (17%) were missing either clinician-
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or patient-reported symptom change measures. For the remaining 277 visits (Fig 2B), both
the clinician and patient most often reported symptom change as stable (66% and 52%,
respectively), with improvement (30% and 35%, respectively) more likely than worsening
(3% and 12%, respectively). The agreement regarding improvement, stability, or worsening
between the clinician and patient at any given visit was fair (Fleiss-Cohen weighted kappa =
0.34).

Relationship between Reported Symptom Change and Serial Change in Validated Scales
The actual changes in measurement scales according to clinician or patient-reported
symptom change are shown in Figure 3 (available at http://aaojournal.org). The NIH eye
score, the global rating of eye symptoms, the Lee eye subscale, and the OSDI seemed to
agree with both clinician and patient-reported symptom change (Fig 3A-D and F-I). Changes
in Schirmer scores agreed with clinician-reported symptom change (Fig 3E), but showed
less correlation with patient-reported symptom change (Fig 3J).

The proportions of visits with clinically meaningful improvement or worsening were similar
for all 5 scales (Table 2), but agreement between the scales was no better than moderate (Fig
4). The results of multivariable models are shown in Table 2. Changes in all scales except
the Schirmer test were statistically correlated with both clinician- and patient-reported
symptom changes. Changesin Schirmer scores were not correlated with patient-reported
symptom changes. Among the scales validated, the magnitude of estimated change in
reported symptom changes was greatest for the NIH eye score both in clinician- and patient-
reported symptom changes (point estimates of reported symptom change by clinicians and
patients for the NIH eye score were 1.26 and 0.43, respectively). The results for the
Schirmer test were confirmed with 2 additional models (see Methods). Both models showed
results similar to the original results (data not shown). The results of Schirmer tests were
missing in 123 of 333 follow-up visits (37%) and serial changes in Schirmer scores were not
available in >50% of the follow-up visits on longitudinal analysis. Missing Schirmer tests
were correlated with higher NIH eye score (P = 0.02), but not with patient age, patient
gender, other scale scores, or previous Schirmer scores.

Discussion
We tested 3 recommended measures for response in ocular GVHD (the Schirmer test,
patient-reported global rating of eye symptoms. and the Lee eye subscale), 1 experimental
measure (the OSDI), and the NIH eye score. Our results suggested strong correlations of
serial changes in all measurement scales with clinician- and patient-reported symptom
changes, except for the Schirmer test. The sensitivity of each scale to symptom changes
reported by clinicians or patients varied among the scales.

The NIH eye score was originally intended to evaluate the severity of ocular GVHD at
single visits, but our results support the conclusion that changes in the NIH eye score
between visits could also be used to evaluate response. In fact, the NIH eye score seemed to
be the most sensitive to symptom changes reported by both the clinician and the patient,
because a change of 1 unit in the 4-level NIH eye score was associated with the greatest
estimate of symptom change reported by clinicians and patients among the validated scales.
From a logistic point of view, the NIH eye score required less time to collect than the other
measurement scales, was collected more frequently, and is therefore most likely to be
captured reliably and efficiently.

The patient-reported global rating of eye symptoms includes the “chief eye complaint” rated
in the 10-point scale for peak severity during the past week.15,18 A major advantage of this
measurement scale is the minimal time and effort for patients to complete it. A criticism has
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been that this scale might reflect ocular symptoms unrelated to GVHD, but this concern is
not supported by our results; changes in this global rating scale correlated with clinician-
reported symptom changes in ocular GVHD.

The Lee symptom scale is a patient self-administered questionnaire consisting of 30 items
specific to symptoms of chronic GVHD.19 Three of the 30 items refer to eye symptoms (Fig
1). Changes in the Lee eye subscale correlated with both clinician- and patient-reported
symptom changes in ocular GVHD. Although items appeared more specific to symptoms of
ocular GVHD than the global rating of eye symptoms, the magnitude of estimated change in
reported symptoms was very similar between the 2 NIH-recommended patient-reported
measurement scales.

The OSDI is a valid and reliable scale for diagnosis and measurement of the severity of dry
eye disease.23 Schiffman et al23 recommended the use of OSDI as an endpoint in clinical
trials. Several recent studies of dry eye syndrome30-32 and 1 study of ocular GVHD33 used
changes in OSDI as an endpoint. Our results showed that changes in OSDI correlated with
clinician- and patient-reported symptom changes in ocular GVHD. The magnitudes of
estimated change in reported symptoms were comparable among the global rating scale, the
Lee eye subscale, and the OSDI (Table 2). Given that the OSDI consists of 12 items instead
of the 3 for the Lee eye subscale or 1 for the global rating scale, we find little basis for
recommending the OSDI to measure change in activity of ocular GVHD.

The Schirmer test is the only “objective” measure among the validated scales, and this test
has been recommended to measure response in patients with ocular GVHD by the NIH
consensus group. Our results, however, suggest that changes in the Schirmer score do not
reflect patient-reported changes in ocular GVHD symptoms. The better correlation with
clinician-reported changes might occur if clinicians consider results of Schirmer tests when
rating clinician-reported symptom changes. Several studies have questioned the intertest
reproducibility of the Schirmer test, particularly in patients with mild ocular symptoms.34,35

One study concluded that assessment of patient-reported symptoms had greater reliability
than the Schirmer test.35 Schirmer test results were not available for 37% of visits,
particularly in patients with higher NIH eye scores, attesting to the reluctance of patients or
clinicians to conduct this test and reflecting the limited resources to obtain this test in routine
clinical care. In 1 study, Schirmer testing in patients with chronic GVHD took 9 minutes,36

required special paper strips, and in some practices, would require an ophthalmology
referral. Taken together, Schirmer testing is not recommended to measure the change in
activity of ocular GVHD in general chronic GVHD studies.

Our recommendations apply primarily to studies focused on broad populations of patients
with chronic GVHD manifestations. For clinical trials specifically targeting ocular
symptoms, other detailed and objective ophthalmology criteria might be necessary to
document ocular chronic GVHD activity. Candidate measures for validation in future
studies include tear breakup time, tear evaporation rate, slit-lamp examination, and corneal
staining.37 Because we were specifically evaluating the NIH Consensus Conference
recommendations, these measures were not collected in our study.

Our results indicated that agreement in ocular involvement and reported symptom changes
between the clinician and patient was only fair. Many explanations are possible. Clinicians
and patients may use different criteria to judge ocular GVHD severity, one rater may be
more sensitive to symptoms than the other, or 1 or both raters may be poorly calibrated.
Because it is not known whose judgment should guide treatment, the ideal scales would
correlate with both clinician- and patient-reported symptom changes.
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Agreement between clinician and patient ratings of eye involvement and change in eye
symptoms was fair. Never-theless, our results support the use of the NIH eye score to assess
response in clinical trials for chronic GVHD for 3 reasons. First, the NIH eye score
correlates well with both clinician- and patient-reported symptom changes. Second, the
change in this scale shows the greatest sensitivity to reported symptom change. Finally, the
NIH eye score takes <15 seconds to complete during an outpatient clinic visit, without
requiring a formal patient survey, special equipment, or trained personnel. The use of the
NIH eye score alone would dramatically decrease the time required to assess ocular chronic
GVHD and would eliminate the need for the Schirmer test.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Measurement scales validated and an 8-point scale of reported symptom change. ADL =
activity of daily living.
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Figure 2.
Agreement between the clinician and the patient in (A) eye involvement at enrollment, and
(B) reported symptom change at the follow-up visit. A, n = 335. Fifty-two of 387 patients
(13%) missed eye measurement scales at enrollment. B, n = 277. Fifty-six of 333 follow-up
visits (17%) with both clinician and patient reporting eye involvement at the previous visit
were missing clinician or patient-reported symptom change.
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Figure 4.
Agreement in response between the measurement scales (kappa statistic). The kappa value
and its interpretation are shown for each comparison. Response (improvement, stable, or
worsening) was based on clinically meaningful change for each scale.
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