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Abstract

Patients treated with allogeneic stem cell transplantation (allo-SCT) often develop ocular complications. To investigate the
ocular findings in young long-term survivors after allo-SCT without TBI, we examined 96 patients more than 5 years after
transplantation. All patients were under 30 years of age at transplantation. The mean follow-up time was 16.8 years (range
6.0-26.1 years). The study was a part of the Norwegian Allo Survivorship Study investigating health impairments in young
survivors after allo-SCT. Ophthalmological examination included visual acuity, tear break-up time, corneal fluorescein
staining, Schirmer I test, tear film osmolarity, biomicroscopy and dilated ophthalmoscopy. In patients with known systemic
chronic GVHD (cGVHD), ocular GVHD (0GVHD) diagnosed by clinical examination was compared with diagnosis using
National Institutes of Health (NIH) or International Chronic Ocular Graft-vs-Host-Disease (ICCGVHD) Consensus Group
criteria. We diagnosed dry eye disease (DED) in 52 patients (54%), cataract in 3 patients (3%) and retinopathy in 1 patient
(1%). Systemic cGVHD was a risk factor for DED (OR 4.40, CI 1.33-14.56, p = 0.02). Comparison of diagnostic criteria
suggests that the more stringent ICCGVHD criteria can better differentiate DED from oGVHD after allo-SCT as compared
with the NIH criteria.

Introduction

Haematopoietic stem cell transplantation (SCT) is an
established and potentially curative treatment modality for
various malignant and non-malignant haematologic dis-
eases. At present, ~110-120 patients are treated with allo-
geneic SCT (allo-SCT) each year in Norway, of whom
20-30 patients are younger than 18 years of age at the time
of transplantation.

Unfortunately, patients treated with allo-SCT often
develop graft-versus-host disease (GVHD), a potentially
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life-threatening multi-organ systemic disease associated
with significant morbidity and mortality [1]. Ocular GVHD
(oGVHD) affects 40-60% of patients treated with allo-SCT
[2-5]. Although o GVHD may be the only manifestation of
GVHD, it is more frequently seen together with other sys-
temic manifestations and 50-90% of patients with systemic
GVHD also have o GVHD [6, 7].

Typically, oGVHD involves the anterior segment of the
eye, including the lid, lacrimal gland, conjunctiva and
cornea. Clinically, the condition manifests primarily as dry
eye disease (DED), with keratoconjunctivitis sicca (KCS),
and resembles the clinical findings seen in other immuno-
logically mediated inflammatory diseases of the ocular
surface. DED is defined as a ‘disorder of the tear film due to
tear deficiency or excessive evaporation, which causes
damage to the interpalpebral ocular surface and is asso-
ciated with symptoms of ocular discomfort’ [8]. Although
DED can occur without keratitis, the terms DED and KCS
are often used interchangeably [9]. Patients with DED
usually experience symptoms such as redness, photophobia,
foreign body sensation, excessive tearing, discharge, blur-
ring of vision and pain [10]. The ocular surface affliction is
irreversible in many cases and patients often experience a
significant reduction in quality of life. Although rare,
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posterior segment involvement includes ischemic micro-
vascular retinopathy, posterior scleritis, choroidal thicken-
ing and serous detachment [11, 12], which may significantly
impair vision. Early detection, diagnosis and treatment are
crucial to reduce morbidity and prevent blindness for long-
term survivors.

There is no current international consensus on optimal
criteria for the diagnosis of oGVHD [7, 13, 14] and clinical
evaluation by an ophthalmologist is considered to be a
historical gold standard [9, 15, 16]. Lack of pathognomonic
symptoms and clinical findings make oGVHD diagnosis
challenging. Various objective diagnostic tests may assist
the clinical assessment of DED, including Schirmer’s test,
tear break-up time (TBUT), corneal and conjunctival
staining and tear film osmolarity [13, 17]. However, dif-
ferences in correlation to disease severity and varying, or
even conflicting, results impose obvious limitations on the
reliability of such tests alone [17, 18]. Thus, test results
must be considered simultaneously and in correlation with
the patients subjective symptoms for a clinical diagnosis of
DED and oGVHD.

In contrast to the protocol in many other countries, the
conditioning regimen prior to allo-SCT in Norway has been
based on myeloablative chemotherapy and has usually not
included total body irradiation (TBI), with potentially dif-
ferent late effects compared with TBI-based conditioning
regimens. The main aim of our study was to investigate the
ocular findings and to identify possible risk factors for
ocular complications in young patients (aged <30 years at
transplantation) more than 5 years after allo-SCT without
TBI. The secondary aim of the study was to compare
oGVHD diagnosis based on diagnostic criteria proposed by
the U.S. National Institutes of Health (NIH) [19] and the
International ~ Chronic  Ocular  Graft-vs-Host-Disease
(ICCGVHD) Consensus Group [14].

Materials and methods

The study was a cross-sectional, non-comparative clinical
study of patients with leukemias, benign haematological
diseases, immunodeficiencies or metabolic diseases treated
with allo-SCT at Oslo University Hospital, Rikshospitalet,
during the period April 1983 to August 2008. It was a part
of the Norwegian Allo Survivorship Study (AlloSS-young)
investigating health impairments in young survivors after
allo-SCT. The following criteria were used for inclusion: all
patients were alive and older than 16 years at study start (1
August 2014); all patients were aged <30 years at trans-
plantation; minimum time since transplantation was 5 years.
Exclusion criteria included diagnosis of mucopolysaccar-
idosis type 1 (Mb. Hurler). A total of 157 eligible patients
were invited to participate in the study, of which 103
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patients (69%) accepted. These patients were clinically
evaluated by an experienced haematologist and by an
ophthalmologist between August 2014 and January 2016.
Seven patients had been treated with TBI and were subse-
quently excluded from analysis. Thus, a total of 96 patients
were included in the study analysis. Of the 54 non-
participating patients, 16 declined due to lack of time and
health problems (one patient died), whereas 38 patients did
not respond. Compared with the patients not included
(declined or excluded), the study participants included more
female patients (54% vs 33%, p <0.01). There were no
other statistically significant differences between the groups
with regard to age at transplantation, time from transplan-
tation to study start and benign or malignant diagnosis.
Research approval was obtained from the Regional Com-
mittees for Medical and Health Research Ethics. Written
informed consent was obtained from all the patients. The
study was conducted in accordance with the Declaration of
Helsinki.

Study procedure

Diagnosis of DED was based on patient symptoms, clinical
findings of a comprehensive ocular examination and the
results of diagnostic tests, which were performed according
to the recommendations of the Dry Eye Work Shop [13].
All patients (n =96) underwent a comprehensive ophthal-
mologic examination. Contact lenses were removed at least
30 min before measurements. History of decrease in vision,
dryness, photophobia, foreign body sensation, irritation,
redness, burning, itching or any other ocular discomfort
were recorded. Tear film osmolarity was measured with
TearLab (TearLab Osmolarity System, San Diego, CA,
USA) on each eye before any other testing. Clinical
examination with best corrected visual acuity (BCVA),
converted to logMAR equivalent for statistical analysis,
tonometry with iCare (Icare Finland Oy, Vantaa, Finland)
and biomicroscopy with slit lamp examination (x 10 and x
16 magnifications) and dilated funduscopy was performed.
The tear film and Meibomian glands were assessed.
Inflammatory or structural changes of the conjunctiva or
cornea, including epithelial defects, corneal ulcers, scarring,
corneal vascularization or conjunctivalization due to limbal
stem cell deficiency, were noted. Conjunctival injection of
the palpebral and bulbar conjunctiva was graded (grade O:
none, grade 1: mild/moderate, grade 2: severe) [14]. The
iris, anterior chamber, lens and the posterior segment were
examined and clinical findings indicating uveitis, cataract,
glaucoma or retinal changes were noted. TBUT was mea-
sured after instillation of 2pl of 2% sodium fluorescein
solution without preservatives onto the bulbar conjunctiva
using a micropipette without inducing reflex tearing. The
mean of three consecutive TBUTs was calculated. Corneal
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staining was assessed by slit lamp examination using cobalt
blue illumination, 2.5-3 min after instillation of the fluor-
escein solution. The intensity of corneal fluorescein staining
was graded according to the Oxford grading scale [20].
Schirmer I test (without anaesthesia) was performed for
measurement of tear production. Sterile strips (TearFlo,
Sigma Pharmaceuticals, North Liberty, IA, USA) were
placed in the inferior fornix of the patients’ eyes and
removed after 5 min. The length of wetting was measured in
millimeters. The Ocular Surface Disease Index (OSDI)
questionnaire (Norwegian translation) was used for assess-
ment of the patient’s subjective symptoms and graded as
normal (0-12), mild (13-22), moderate (23—-32) or severe
(233) [21]. Patients were classified as having oGVHD
using the NIH criteria [10, 19] and as probable or definite
oGVHD using the ICCGVH criteria [14].

Differentiating DED and oGVHD can be especially dif-
ficult in patients without systemic GVHD. Hence, only
patients with known systemic chronic GVHD (cGVHD)
(prior or current) were considered for the comparisons of
oGVHD diagnosis by best clinical practice (BCP) and
diagnosis by NIH or ICCGVHD criteria. Similar to previous
studies, o0GVHD diagnosis by BCP was defined as the gold
standard [22, 23] and was based on overall clinical
assessment and/or if at least two of the following five cri-
teria were met: Schirmer I test £ 5 mm after 5 min, TBUT <
5's, subjective ocular symptoms with OSDI 2 13, corneal
staining 2 grade 1 and conjunctival inflammation 2 grade 1
[15]. Subsequently, diagnosis of oGVHD by ICCGVHD
criteria or NIH criteria was compared to diagnosis by BCP.

Data regarding age at transplantation, date of transplan-
tation, diagnosis, prior diagnosis of oGVHD, donor gender,
donor type and any systemic treatment were obtained from
medical records. Diagnosis of prior systemic acute GVHD
(aGVHD) and cGVHD was based on chart review by a
haematologist. As most of the study patients were trans-
planted before introduction of the NIH criteria, the criteria
of Shulman et al. [24] were used for cGVHD grading.

Statistical methods

Statistical analyses were performed using SPSS version 22
(IBM SPSS, Armonk, NY, USA). Tests were two-sided,
with significance level p-value < 0.05. Patients included/
not included in the study were compared using the y*- and
Mann—Whitney U-tests (tested for unequal variance, sig-
nificance level adjusted for multiple comparisons using
Bonferroni correction). Descriptive statistics for continuous
variables (mean, SD, range) and frequencies/percentages of
categorical variables were calculated. Agreement analyses
were performed using linear x-statistics (k). Sensitivity,
specificity and negative/positive predictive values were
calculated.

Association between the occurrence of DED and factors
(patient gender, aGVHD, cGVHD, donor recipient gender
mismatch, donor type, GVHD prophylaxis, malignancy,
stem cell source and pre-transplantation conditioning
regime) was investigated by univariate analyses (y’-test).
Subsequently, multivariable logistic regression was per-
formed with DED diagnosis as the dependent variable
(Table 4). Of the 96 patients included in the data analysis,
we excluded a total of three patients from the analysis due
to lacking data regarding donor gender (one patient) and
since the number of patients that received no conditioning
was so few (only two patients). Before systematically
selecting candidate variables for the statistical model, age at
transplantation, age at eye examination, patient gender, the
occurrence of any cGVHD (de novo or acute and chronic),
the occurrence of aGVHD and steroid treatment, donor
gender, donor type and conditioning were chosen to be
included in the model due to clinical relevance. To inves-
tigate the effect of match or no match between patient
gender and donor gender, we included the interaction
between these two variables in the model. Furthermore,
stepwise forward variable selection was then performed
using likelihood ratio statistic as the selection criteria. We
tested the inclusion of three additional variables (malig-
nancy, GVHD prophylaxis and stem cell source). However,
none of these were selected for the final model.

Results
Patient characteristics

The patient characteristics are summarized in Table 1. Of
the 96 patients included in the analysis, 59 patients (61%)
had a history of systemic aGVHD or cGVHD and 11
patients (11%) had known ocular involvement before the
study examination.

Ocular findings

Fifty-two patients (54%) were diagnosed with DED. The
frequency distributions of patients with and without
DED are shown in Table 2. Three patients (3%) had pos-
terior subcapsular cataract. Four patients had previously
received total central nervous system (CNS) irradiation for
CNS leukemia and all four had clinical DED. Of note,
one of these irradiated patients also had microvascular
retinopathy (1%).

Of the 96 patients analysed, 85 patients (89%) had good
BCVA (IogMAR < 0.1) in both eyes. Eleven patients (11%)
had reduced vision (logMAR > 0.1). The causes for reduced
vision were DED (four patients), cataract (two patients),
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Table 1 Patient characteristics (n = 96, data from medical records)

Age at transplantation, mean + SD (years) 17.7+9.5 (range

0.3-30.0)
Age at eye examination, mean + SD (years)  34.4+11.1 (range

16.9-54.2)
Time from transplantation to eye 16.8 +4.9 (range
examination, mean + SD (years) 6.0-26.1)
Recipient gender n (%)
Male 44 (46)
Female 52 (54)
Donor gender n (%)
Male 49 (51)
Female 46 (48)
Missing data 1(1)
Recipient/donor gender mismatch n (%)
Female recipient/ male donor 23 (24)
Male recipient/ female donor 18 (19)
Donor type n (%)
Sibling 59 (62)
Other related 7(7)
Unrelated donor 30 (32)
Diagnosis n (%)
Acute myeloid leukemia 32 (33)
Acute lymphoblastic leukemia 10 (10)
Other malignancies (CML/ MDS/ NHL) 29 (30)
Benign haematological diseases (anaemia/ 17 (18)
thalassaemia)
Immunodeficiency/ metabolic disease 8 (8)
Conditioning regime n (%)
Chemotherapy Bu/Cy 73 (76)
Chemotherapy and antithymocyte globulin 21 (22)
None 2(2)
GVHD prophylaxis n (%)
None 1 (1)
CyA 77
CyA + Mtx 86 (90)

CyA + MMF/ Sirolimus/ Tacrolimus/ Mtx/ 2(2)
Other

History of radiotherapy affecting eye area 4 (4)
(incl. CNS radiotherapy)

Bu busulfan, Cy cyclophosphamide, CyA cyclosporine, CML chronic
myeloid leukemia, MDS myelodysplastic syndrome, MMF mycophe-
nolate mofetil, Mzx methotrexate, NHL non-Hodgkin’s lymphoma

amblyopia (two patients), retinal vein occlusion (one
patient) and unknown (two patients).

Characteristics of the tear function tests when used alone
for diagnosis of DED or oGVHD (by NIH and ICCGVHD
criteria) are shown in Table 3.
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Table 2 Frequency distributions of patients with and without dry eye
disease

Patients with Patients without Total
DED (n=52) DED (n=44) (n=96)
Gender (male/female) 19/ 33 25/ 19 44/ 52
Systemic GVHD after transplantation®
No GVHD 18 19 37
Only acute GVHD 7 14 21
Only chronic GVHD 10 2 12
Acute and chronic 17 9 26
GVHD
Systemic treatment of chronic GVHD
At any time 23 9 31
At time of eye 2 0
examination

DED dry eye disease, GVHD graft-vs-host disease
# Based on chart review by haematologist

Risk factors for DED

Multivariable logistic regression revealed that a history of
systemic cGVHD increased the risk of developing DED
more than fourfold (odds ratio (OR) 4.40, confidence
interval (CI) 1.33—-14.56, p = 0.02) (Table 4). Also, a trend
was observed between donor type (non-sibling compared to
sibling) and DED occurrence (OR 2.87, C1 0.91-9.11, p =
0.07). Other factors included in the multivariable model
(age at transplantation, age at eye examination, patient
gender, donor gender, donor recipient gender relation,
donor type, conditioning or aGVHD with/without steroid
treatment) were not found to be statistically significant for
DED occurrence.

Comparison of diagnostic criteria

In our study, 38 of 96 patients (40%) had a history of
systemic cGVHD. Diagnosis of oGVHD in these patients
by BCP, by ICCGVHD criteria and NIH criteria, together
with sensitivity, specificity and agreement, are shown in
Table 5.

When applied to all 96 study patients, irrespective of
systemic cGVHD status, 37 of the 52 DED patients (71%)
and 5 of the 44 patients without DED (11%) were classified
as oGVHD by NIH criteria. By ICCGVHD criteria, 23 of
the DED patients (44%) were classified as oGVHD (10
patients as definite oGVHD, 13 patients as probable
oGVHD), whereas none of the patients without DED were
classified as o GVHD. Agreement between oGVHD by NIH
and ICCGVHD was moderate (k= 0.46).
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Table 4 Multivariable logistic regression with dry eye disease (DED) as the dependent variable

Variable Odds ratio 95% CI for rdds ratio p-value?
Lower Upper
Age at eye examination 1.05 0.95 1.16 0.38
Chronic GVHD vs no chronic GVHD 4.40 1.33 14.56 0.02
Conditioning: other vs Busulfan/Cyclofosfamid 0.43 0.13 1.39 0.16
Acute GVHD and steroid treatment 0.54
No acute GVHD/no steroid treatment vs acute GVHD/ with 2.55 0.49 13.24 0.27
steroid treatment
Acute GVHD/no steroid treatment vs acute GVHD/with steroid 1.74 0.39 7.81 0.47
treatment
Age at transplantation 0.99 0.87 1.12 0.87
Patient gender/donor gender 0.28
F/M vs M/F 3.85 0.77 19.2 0.10
F/F vs M/F 1.54 0.36 6.52 0.56
M/M vs M/F 1.05 0.25 4.37 0.95
Donor type: non-sibling vs sibling 2.87 0.91 9.11 0.07

# Statistical significance p < 0.05

Discussion

Several studies on effects of allo-SCT and risk factors for
development of o GVHD have been published [3-5, 25, 26].
However, a direct comparison of these is problematic due to
differences in study design, population sizes, diagnostic
criteria, treatment and follow-up times. To our knowledge,
our study is the first to investigate the ocular effects of allo-
SCT for so long as a mean follow-up of 17 years after
treatment in such a young group of patients (all patients <
30 years at transplantation with mean age of about 18
years). Furthermore, in contrast to many other countries, the
conditioning regimen prior to transplantation in Norway has
usually been based only on myeloablative therapy without
TBI. Hence, results of this study are especially relevant for
the long term follow-up of young allo-SCT patients without
TBI with respect to ocular findings.

In the general population, DED prevalence ranges from 6
to 33% [27-29]. In a Danish population aged 30—60 years,
the prevalence of DED was found to be 11% [30]. Simi-
larly, the Beaver Dam population-based study reported a
prevalence rate of 14% in adults aged 2149 years [28]. In
our study, 54% of the patients were diagnosed with DED,
which is notably higher than in the general population. Our
findings are similar to previous studies, irrespective of TBI
conditioning [3, 4, 31]. Thus, the occurrence of DED seems
to be independent of TBI. On the other hand, a dose-related
correlation between TBI conditioning and cataract devel-
opment has been described, with cataract occurring in
20-100% of patients with TBI conditioning and in 3—-19%
of patients without TBI treatment [32, 33]. In line with these
reports, we found a low occurrence of cataract (3%).
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Previously, it has been suggested that TBI may also con-
tribute to posterior segment complications [34]. None of our
study patients received TBI conditioning. However, four
patients had a history of CNS radiotherapy, including one
patient with microvascular retinopathy, which may be
related to retinal changes induced by radiation [35].

We found that systemic cGVHD was associated with
increased occurrence of DED. These findings are similar to
others, despite differences in conditioning regimens [4, 26,
31]. It is believed that the ocular surface changes seen in
cGVHD are a consequence of destruction and fibrosis of the
lacrimal gland [36], caused by extensive infiltration of
inflammatory cells, including T cells, plasma cells, macro-
phages and fibroblasts [37]. Also, about half of patients with
c¢GVHD have significant Meibomian gland dysfunction [3],
which contributes to dry eye. In addition, both myeloa-
blative therapy and TBI may cause host tissue damage [38],
including damage to the lacrimal gland. Hence, both forms
of conditioning may contribute to DED after allo-SCT.

In order to diagnose DED, we performed several func-
tional tests, such as Schirmer’s test, TBUT, corneal fluor-
escein staining, tear film osmolarity and OSDI, in addition
to a comprehensive ocular examination. The reliability of
such clinical tests and their correlation to DED severity has
been questioned [13, 15, 17, 39—41], and their association to
patient symptoms has been described as poor [21, 40]. In
our study, as a single test, Schirmer’s test had the highest
sensitivity (80%) among tests used to assist diagnosis of
DED (Table 3). However, significant variations in reliability
and repeatability of Schirmer’s test have been reported
previously [18, 41]. All our patients reported considerable
discomfort during Schirmer’s test. Along with factors such
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= % as light, humidity, room temperature and patient anxiety
£= 5 [40], this may influence reflex tearing, and may explain why
§ ; one-fifth of the patients with DED (20%) had normal
g T:ﬁ Schirmer values. The OSDI questionnaire has been shown
5‘ E § n to be a valid and reliable tool for evaluation of DED
; severity [21], allowing rapid assessment of the patient’s
8 Z ocular symptoms and their impact on activities of daily life.
1; g Compared to clinical evaluation, the specificity of OSDI
'S E was an impressive 98%. However, as more than half of the
2 -% DED patients (56%) did not experience ocular symptoms,
% i the sensitivity was low (44%). Hence, the OSDI was not
£ = reliable for diagnostic purposes in our patient population.
2 = Corneal fluorescein staining may be related to dry eye, but it
'§ g is neither a specific nor a sensitive sign of DED [42].
?C; E Similarly, we found this test to have low sensitivity, with
§, 8 =~ only half of the patients with DED (54%) having corneal
212 2 é staining. Only 8% of the DED patients had conjunctival
0 inflammation 2grade 1, all with severe dry eye, indicating
g g limited use of this parameter for diagnosis of DED in
= 2 patients with mild/moderate disease. Although tear film
?fi: é osmolarity has been proposed as the single best test for
2 £ assessment for DED severity [17], others have reported
z “§ limited ability of tear film osmolarity to distinguish healthy
:é S « L; subjects from patients with dry eye [43, 44]. The threshold
(i) é % E value of 308 mOsm/l is considered to be a sensitive
% threshold for diagnosis of DED [45]. Using this threshold
= S value in our study patients, almost one-third of the DED
I 5 patients (29%) were incorrectly classified as normal. Mea-
f Tg“ surement of osmolarity may supplement a clinical diagnosis
R g for grading of disease severity, but our data does not sup-
z E port its use as a stand-alone test for diagnostic purposes. In
g i summary, our findings illustrate that no single test was
% N adequate for diagnosing DED. Although the constellation of
2 S findings from functional tests may provide additional
% Zlo R information to a clinical assessment, ocular evaluation by an
L>D ~ % = ophthalmologist is advisable to ensure correct diagnosis of
ENEN g <
% =2 z A In our study, we noted a low incidence of oGVHD (11%)
té g f; E diagnosed before our study examination. This observation
2 = g 8 may be due to the fact that patients were referred from
E a Eﬁ (= _ various local hospitals in Norway for transplantation at Oslo
E E . E E £ University Hospital, which is a tertiary care centre. After
2 Bl= = - i” transplantation, all patients were routinely followed up by a
i;f ,, % i § haematologist, with referral to ophthalmologist only when
§ % § é g, indicated. Thus, ocular complications may have been
= g . g 2 = g overseen, especially in mild cases.
% % g § é 2 ; The clinical spectrum of DED and oGVHD after allo-
5 % 5 _‘ag § ® SCT is overlapping and distinction may not always be
5 o) E g 5 % % possible. In lack of a consensus, clinical evaluation by an
3 R ; = = ophthalmologist is considered to be a historical gold stan-
o 22 2F § @ . . .
" 2olgmE dard [9, 15, 16, 23]. Several proposals for diagnostic criteria
= E E a % g = have been made for o GVHD, including the NIH criteria and
i RRIRE = = ICCGVHD criteria [7, 14, 19], and the observed occurrence
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of oGVHD is obviously dependent on which diagnostic
criteria are used [10, 14, 19]. The ICCGVH criteria con-
siders the presence or absence of chronic systemic GVHD,
whereas, according to the NIH criteria, new onset of KCS
by slit lamp exam with low Schirmer’s test is sufficient for
the diagnosis of ocular cGVHD for the purpose of clinical
oGVHD trials [9, 15, 16]. The emphasis on Schirmer’s test
for oGVHD diagnosis by NIH criteria is debated [7, 14, 15].
Adversaries advocate that high rates of false positives and
negatives render Schirmer’s test a poor diagnostic test for
oGVHD [3, 15]. Hence, although the NIH criteria may be a
valuable tool for grading systemic cGVHD by transplant
physicians, they are inadequate for accurate diagnosis of
oGVHD. The ICCGVHD criteria have recently been vali-
dated in chart review study including only patients with
suspected or confirmed chronic o GVHD [23], but to our
knowledge, there is no study comparing these criteria to the
well-known NIH criteria. Due to clinical overlap between
DED and oGVHD warranting a more robust analysis, we
initially considered only patients with a history of systemic
cGVHD when diagnostic criteria were compared with BCP
as the gold standard (Table 5). We found substantial
agreement between diagnosis by BCP and NIH and between
BCP and ICCGVD criteria (k = 0.68 and x = 0.67, respec-
tively), with good sensitivity and specificity. Furthermore,
there was substantial agreement between diagnosis by NIH
and ICCGVHD criteria (x = 0.70). On the other hand, when
the criteria were applied to all the study patients, more than
two-thirds (71%) of the DED patients were classified as
having oGVHD by NIH criteria, whereas by ICCGVD
criteria, less than half (44%) had definite or probable
oGVHD. Also, only moderate agreement was observed
between the two sets of diagnostic criteria (k = 0.46). This
discrepancy is not unexpected, as the NIH criteria are based
on Schirmer’s test, whereas the ICCGVHD criteria include
the patient’s systemic cGVHD status and also three addi-
tional parameters. Hence, the more stringent ICCGVHD
criteria seem to better differentiate DED from oGVHD.

Limitations of our study include lack of pre-
transplantation baseline ocular examination, wide range in
time from transplantation to ocular examination and lack of
a control group matched for age and gender. However, in
our study, the mean age at transplantation was 34.4 years
and ocular findings such as DED are not so frequent in
healthy persons in this age group. Also, set time-point
examinations would allow inferences to be made about time
from transplantation to onset of ocular symptoms or whe-
ther ocular symptoms occurred before or after onset of
systemic signs. Since age <30 years was an inclusion cri-
teria, the results of our study may not be applicable to
patients transplanted at older age.

In conclusion, half of the patients treated with allo-SCT
without TBI were diagnosed with DED by an
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ophthalmologist more than 5 years after transplantation.
Systemic cGVHD increased the risk of DED more than
fourfold. As expected, we found a very low occurrence of
radiation-related complications such as cataract and pos-
terior segment involvement. Clinically, Schirmer’s test
caused discomfort to the patient and was frequently in
disaccord with other tests. In comparison, corneal staining,
TBUT and assessment of patient symptoms with OSDI
questionnaire added useful information to the overall ocular
evaluation. Our comparison of diagnostic criteria suggests
that the more stringent ICCGVHD criteria can better dif-
ferentiate DED from oGVHD after allo-SCT as compared
with the NIH criteria. Larger studies are warranted for
further validation and comparison of diagnostic criteria. As
a significant proportion of allo-SCT patients have ocular
complications many years after transplantation, evaluation
by an ophthalmologist should be included in the manage-
ment of these patients.
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