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Scleral lenses for severe chronic GvHD-related
keratoconjunctivitis sicca: a retrospective study
by the SFGM-TC
L Magro1,2,14, J Gauthier1,2,14, M Richet3, M Robin4, S Nguyen5, F Suarez6, J-H Dalle7, T Fagot8, A Huynh9, M-T Rubio10, R Oumadely11,
S Vigouroux8, N Milpied8, A Delcampe12 and I Yakoub-Agha1,2,13

Chronic GvHD-related keratoconjunctivitis sicca (cGvHD-related KCS) can significantly alter the quality of life of patients after allogeneic
hematopoietic stem cell transplantation. The aim of this work was to assess the efficacy and tolerability of scleral lenses to treat severe
cGvHD-related KCS. In this retrospective, multicenter study, we included 60 consecutive patients diagnosed with cGvHD-related KCS
and fitted with scleral lenses. Patients were evaluated at baseline and at 2 months with the following tests: the Ocular Surface Disease
Index (OSDI) to assess quality of life, the Oxford score to grade corneal damage and the logarithm of minimal angle of resolution (Log
MAR) scale to determine visual acuity. We observed improvement in quality of life in 58 patients (97%). All parameters improved at
2 months. We observed significant differences at 2 months compared with baseline for the mean OSDI (86 versus 30, respectively,
Po0.001), the mean Oxford score (3.2 versus 1.3, respectively, Po0.001) as well as visual acuity (Log MAR of 0.33 versus 0.10,
respectively, Po0.001). Treatment with scleral lenses was discontinued in only 5 patients (8%) with a median follow-up of 20.5 months
(range: 2–125 months). Scleral lenses were very efficient and well tolerated in patients with severe cGvHD-related KCS.

Bone Marrow Transplantation (2017) 52, 878–882; doi:10.1038/bmt.2017.9; published online 20 February 2017

INTRODUCTION
Allogeneic hematopoietic stem cell transplantation (allo-HSCT)
remains the only curative treatment for many hematologic
malignancies.1–3 One of the major complications of allo-HSCT is
chronic GvHD (cGvHD), accountable for significant morbidity.
Chronic GvHD can target a variety of organs but most frequently
involves the eyes, the mouth and the skin. Severe ocular cGvHD, in
particular keratoconjunctivitis sicca (KCS), is a frequent complica-
tion that significantly alters quality of life.4–6 The chronic
inflammation leads to fibrosis, impairing both the cornea and
the conjunctiva, a mechanism potentiated by quantitative and
qualitative tear deficiency. Current treatment options for severe
cGvHD-related KCS are disappointing. To compensate conjunctival
dryness, several topical treatments with or without systemic
immunosuppressive agents have been investigated with variable
success.7,8 Unfortunately, most treatments have modest effects on
KCS symptoms and they do not improve quality of life. Although
scleral lenses are a valid treatment option to treat dry eye
syndrome after failure of other topical therapies,9–12 there are
limited data regarding their use for severe cGvHD-related
KCS.13–17 Of note, none of those studies specifically assessed
both corneal damage and dry eye-related impairment of quality of
life. In this multicenter, retrospective study, we evaluated the
efficacy and tolerability of scleral lenses on severe cGvHD-induced

KCS using validated, reproducible and specific tools: the Oxford
score for corneal damage and the Ocular Surface Disease Index
(OSDI) questionnaire for quality of life, as well as their impact on
visual acuity.

MATERIALS AND METHODS
Patient eligibility
We included 60 consecutive patients diagnosed between July 2005 and
October 2015 with severe cGvHD-related KPS after an allo-HSCT at nine
centers in France (Saint-Louis, la Pitié-Salpétrière, Necker, Saint-Antoine,
Robert Debré, Toulouse, Caen, Bordeaux and Lille). The diagnosis of cGvHD
was confirmed by board-certified hematologists specialized in allo-HSCT.
Ocular GvHD was defined and graded according to the National Institutes
of Health (NIH) 2014 criteria:18 Schirmer test ⩽ 5 mm at 5 min or between 6
and 10 mm associated with symptoms distinctive of cGvHD in another
organ. The diagnosis of KPS was confirmed by board-certified ophthalmol-
ogists. This study was conducted in accordance with the Declaration of
Helsinki. All patients had failed standard local treatments such as
lubricating eye drops, steroids as well as cyclosporine eye drops.

Scleral lenses
Scleral lenses work as a pre-corneal reservoir of tears that allows for
prolonged lubrication of the epithelium. Moreover, they protect the
corneal surface against eyelid and ciliary mechanical friction as well as
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against environmental stresses. Scleral lenses also help by creating a
uniform refractive surface, enabling an optimal optical load and thereby
stabilizing visual acuity. Two brands of gas-permeable scleral lenses were
used: ICD (Paragon Vision Sciences, Mesa, AZ, USA) and SPOT (LAO,
Thonon les Bains, France), both approved by French Health Authorities.
Scleral lenses are lathed from special polymers, either Contaperm F100
(Contamac, Grand Junction, CO, USA) with an oxygen permeability value of
100× 10− 11 cm2 mL O2/s mL ISO or OPTIMUM Extra (Contamac) with an
oxygen permeability value of 110× 10− 11 cm2 mL O2/s mL ISO. The
curvature of the central back surface of each lens was designed to
maintain a shallow (250–350 μm) but definite clearance of the cornea and
limbus after the lens settles in order to be supported entirely by the sclera
without contact with the cornea. The optimal lens vault and perimeter of
the individual lenses were determined by on-eye evaluation of diagnostic
lenses. The diameter of these lenses ranged from 16 to 23 mm and was
determined by trial fitting.

Ophthalmologic evaluation
Each patient underwent a dedicated ophthalmologic evaluation at
baseline and 2 months after scleral lens fitting. This evaluation included
measurement of the best-corrected visual acuity, slit-lamp examination
and quality-of-life assessment.
Visual acuities were determined using the Snellen scale before being

converted into logarithm of minimal angle of resolution (Log MAR).
‘Counting fingers’ or ‘hand movements’ acuities were converted to Snellen
equivalents when appropriate. We calculated the mean value of the Log
MAR for both eyes in each patient. The lower the Log MAR value, the better
is the visual acuity. Corneal damage was graded from 0 to 5 after corneal
staining and slit-lamp examination according to the Oxford score.19 Finally,
quality-of-life impairment was self-assessed by patients with the OSDI
questionnaire, a validated tool to assess the severity of dry eye syndromes
and their impact on daily activities.20 The OSDI questionnaire is available
online in its entirety as Supplementary Data. The lower the index, the
better is the quality of life. Hematologists and ophthalmologists performed
the subsequent follow-up evaluations concomitantly.

Statistical methods
Mean values at 2 months of the OSDI, the Log MAR and the Oxford score
were compared with baseline mean values using paired t-tests. The R
software was used for all statistical analyses and to plot the waterfall graphs.21

We used the ‘ggplot2’ R package22 to produce the notched boxplots.

RESULTS
Patient characteristics
Patient characteristics are detailed in Table 1. At baseline, the
median OSDI score was 91 (range: 40–100), whereas the median
Oxford score was 3 (range: 0–5). Median Log MAR was 0.3 at
baseline (range: 0–1). Median time from allo-HSCT to the
application of scleral lenses was 53 months (range: 12–338).
Ocular cGvHD was severe by NIH 2014 criteria in all patients.

Efficacy
Quality of life. Quality of life was improved in 58 patients (97%),
with 49 patients (82%) reporting ⩾ 50% improvement in their
OSDI (Figure 1a). The mean improvement in OSDI was 64%. Mean
OSDI at baseline was significantly different compared with its
value at 2 months (86 versus 30, respectively, Figure 2a, Po0.001).
No change in the OSDI was reported in two patients (3%).

Corneal damage. Scleral lenses led to decreased corneal damage
in 53 patients (88%), reflected by a lower Oxford score at
2 months. Moreover, a ⩾ 2 improvement in the Oxford score was
reported in 33 patients (55%), whereas the mean improvement
was 1.8 in the whole cohort. The Oxford score was stable or worse
in 5 (8%) and 2 patients (3%), respectively. We observed a
significant difference between the mean Oxford score at baseline
and at 2 months (3.2 versus 1.3, respectively, Po0.001).

Visual acuity. Scleral lenses improved visual acuity in 49 patients
(82%), whereas no improvement was noted in 11 patients (18%):
visual acuity was stable in 9 patients and declined in 2 patients.
The mean change in − Log MAR was 0.23 (range: − 0.05 to +0.8,
Figure 2c). We observed a significant difference between the
mean Log MAR at baseline and its value at 2 months (0.33 versus
0.10, respectively, Po0.001, Figure 1c).

Tolerance
After a median follow-up of 20.5 months (range: 2–125 months), we
observed discontinuation of the scleral lenses in 5 patients (8%). This

Table 1. Population characteristics

Population characteristics N= 60

Median age at allo-HSCT (range) 47 (6–67)

Gender, n (%)
Female 28 (47)
Male 32 (53)

Date of allo-HSCT (range) January 1986–February
2014

Conditioning intensity, n (%)
Myeloablative 22 (37)
Reduced-intensity/non-myeloablative 38 (63)

Diagnosis at transplantation, n (%)
Acute leukemia 23 (39)
Lymphoma 12 (20)
Myelodysplastic syndrome 10 (18)
Multiple myeloma 7 (13)
Primary myelofibrosis 4 (5)
Chronic leukemia 3 (4)
Fanconi 1 (1)

ATG, n (%)
No 43 (80)
Yes 11 (20)
Missing data 6

TBI, n (%)
No 27(50)
Yes 27 (50)
Missing data 6

Donor type, n (%)
Matched sibling 26 (48)
Matched unrelated 28 (52)
Missing data 6

Chronic GvHD characteristics, n (%)
Severea with ocular involvement only 54 (96)
Severea with multiorgan involvement 2 (4)
Severe,a missing data about
extraocular involvement

4

Median OSDI score at baseline (range) 91 (40–100)
Missing data 1

Median Oxford score at baseline (range) 3 (0–5)
Missing data 4

Median Log MAR at baseline (range) 0.3 (0–1)
Missing data 3

Abbreviations: Allo-HSCT= allogeneic hematopoietic stem cell transplanta-
tion; ATG= anti-thymocyte globulin; Log MAR= logarithm of minimal
angle of resolution; OSDI=Ocular Surface Disease Index. aPer National
Institutes of Health (NIH) 2014 criteria.
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was because of the resolution of KCS in 3 patients (5%), ocular
discomfort in 1 patient (2%) and death because of infection in 1
patient (2%). This death was unrelated to the use of scleral lenses.

DISCUSSION
We present here the largest report on the efficacy and tolerability
of scleral lenses for cGvHD-related KPS, including a comprehen-
sive set of data on quality of life, corneal damage and visual acuity
parameters.
At 2 months, response rates were very high in terms of quality

of life, corneal damage and visual acuity improvement (97%, 88%
and 82%, respectively). Importantly, quality of life improved
dramatically in most patients equipped with scleral lenses, as 49
patients (82%) reported a ⩾ 50% improvement in their OSDI
(Figure 1a). These results are particularly striking considering the
severity of our patients with a mean Oxford score of 3 and a mean
OSDI of 91 at baseline.
Improvement in OSDI scores, which specifically assess ocular

symptoms, would not be relevant in patients with extensive,
multi-organ cGvHD. Importantly, cGvHD was limited to the eye in

96% of our patients. Improving ocular symptoms with scleral
lenses in this setting translates into a particularly significant
improvement in quality of life. Although it probably only affected
a few patients in our study, we acknowledge that in a few patients
other systemic therapies might also have contributed to the
improvement of ocular cGvHD.
To our knowledge, only a few other studies have investigated

the use of scleral lenses for ocular cGvHD. Takahide et al.13 were
the first to report the use of fluid-ventilated, gas-permeable scleral
lenses in nine patients with cGvHD-related severe KCS. This
approach led to the improvement of ocular symptoms in all
patients and diminution of the use of topical lubricants. In another
retrospective case series, Schornack et al.14 investigated the use of
Jupiter scleral lenses (Medlens Innovations, Front Royal, VA, USA or
Essilor Contact Lens, Inc., Dallas, TX, USA) in five patients with
ocular cGvHD. They observed subjective improvement in ocular
comfort in all 5 patients, whereas visual acuity got better in 7 of
the 10 eyes evaluated. In addition, encouraging results were
reported with BostonSight scleral lenses (‘Boston lenses’, PROSE
treatment, BostonSight PROSE manufacturing lab, Needham, MA,
USA) for ocular cGvHD in three retrospective studies. First, Jacobs
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Figure 1. Waterfall plots of response at 2 months after scleral lens fitting. For each subject, vertical bars depict the change from baseline. (a)
Quality of life (Ocular Surface Disease Index score). (b) Corneal damage. (c) Visual acuity. A full color version of this figure is available at the
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and Rosenthal15 observed improvement in ocular symptoms,
quality of life and activities of daily living within a population of 33
patients equipped with the Boston lenses. Using the same type of
lenses, Theophanous et al.16 reported on 40 patients with
refractory ocular cGvHD. A significant difference was observed
between the mean OSDI before and after treatment, indicating a
significant benefit in terms of quality of life. The precise number of
patients with improved quality of life was not reported.
Improvement in visual acuity was observed in 90% of patients,
whereas 84% showed decreased corneal staining after treatment.
Recently, DeLoss et al.17 published a large-scale retrospective
study also using the BostonSight scleral lenses (n= 407).
They showed significant improvement in visual function,
assessed with the National Eye Institute Visual Function
Questionnaire. The authors did not report on the effect of scleral
lenses on corneal damage, visual acuity or tolerance. Our results,
based on patients fitted with different scleral lenses (ICD and
SPOT), seem to tally with those obtained after treatment with the
Boston lenses.
Although very effective, the cost of scleral lenses might be a

significant drawback in certain countries. Another type of cheaper
lens has been investigated by Inamoto et al.23 They reported on
the use of disposable bandage soft contact lenses (PureVision,
Bausch & Lomb, Rochester, NY, USA) with high oxygen
permeability in 19 patients with moderate-to-severe ocular
cGvHD. At 3 months, 47% of these patients experienced
clinically meaningful improvement in quality of life. Furthermore,
Stoyanova et al.24 published a report on 21 patients with ocular
cGvHD treated with different types of lenses (gas-permeable soft
bandage lenses and rigid scleral lenses). They observed clinical
improvement in 55% of patients. Important structural differences
are to be noted between the different lens types and account for
differences in efficacy and tolerance. Soft bandage and rigid
lenses are very different and should be clearly distinguished from
scleral lenses. First, soft bandage lenses are hydrophilic lenses that
will not function well in a very dry environment. They are
therefore unlikely to be very efficient in patients with severe dry
eye syndrome and hold little promise. Rigid lenses lie directly
upon the cornea and cannot be used in case of severe keratitis as
they will be very painful to wear and might even further damage
the cornea. In contrast, scleral lenses protect the cornea against
the eyelids and ‘moisturize’ or lubricate the cornea during the day.
These differences explain the better efficacy of scleral lenses
compared with other types of lenses and why they stand as the
most promising treatment for severe cGvHD-related KPS.
Overall, treatment with scleral lenses was well tolerated by our

patients. Only five patients (8%) stopped using scleral lenses after
a median follow-up of 20.5 months, indicating great tolerance as
well as adherence to the treatment. It needs to be stressed that
successful treatment with scleral lenses requires strict observation.
Not only they should be applied and cleaned daily, but most
patients still need to use eye drops multiple times every day.
Although scleral lenses are a very efficient treatment to alleviate
symptoms, they cannot repair the damaged lacrimal and
Meibomian glands, nor can they quench the GvHD-induced
inflammation. This explains why patients in most cases were
continued on treatment indefinitely as long as they tolerated the
lenses.
Of note, no data regarding the specific brand of scleral lens

were available for each individual patient, and this was left to the
ophthalmologist’s judgment. Although the two brands are very
similar, SPOT lenses are a little easier to fit as their diameters can
vary from 16 to 18 mm. In contrast, ICD lenses are restricted to a
single size (16.5 mm). Different brands and sizes of lens were
tested with each patient by experienced ophthalmologists during
a trial fitting procedure to ensure optimal ocular comfort. We
believe this lens fitting process makes the potential differences
between the two brands of lens negligible.

In conclusion, our findings strongly support the efficacy and
tolerability of gas-permeable scleral lenses to treat severe cGvHD-
related KPS, in particular in patients who failed other systemic and
topical therapies. New strategies should be explored to prevent
the occurrence of quality of life-altering cGvHD after allo-HSCT.
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