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Purpose: The purpose was to characterize the biomarkers associated with Sjogren’s syndrome
(SS) identified in the serological samples of patients with recalcitrant dry eye disease;
additionally, the modalities utilized in the treatment of dry eye disease were evaluated for
subsets of patients with and without SS.

Patients and methods: Data for this retrospective, single-center, pilot study were based on
a chart review of 48 sequential patients with recalcitrant dry eye who were evaluated for SS via
serological analysis. Data presented include the presence of the autoantibodies identified through the
serological biomarker analysis and identification of the concurrent dry eye treatment modalities.
Results: Eleven out of 48 patients (23%) tested positive for biomarkers associated with SS.
Autoantibodies for salivary protein-1, parotid secretory protein 1, and carbonic anhydrase VI,
markers associated with the early development of SS, were detected in 91% (ten out of eleven)
of the patients who tested positive for SS, whereas 27% (three out of eleven) of patients tested
positive for the traditional SS markers, SS-A and/or SS-B. Common treatment modalities utilized
in SS patients included omega-3 supplements (82%), topical cyclosporine (74%), and artificial
tear solutions (64%), as compared to omega-3 supplements (80%), hot-mask therapy (77%),
and artificial tear solutions (77%), in SS-negative patients.

Conclusion: Evaluation for salivary protein-1, parotid secretory protein 1, and carbonic
anhydrase VI biomarkers allows for identification of a subset of patients with biomarkers
associated with SS that may not be identified through the traditional assessments (SS-A/SS-B).
Earlier recognition of SS biomarkers allows for a confirmatory diagnosis and appropriate
management of this systemic, progressive condition.
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Introduction
Dry eye disease (DED), also known as keratoconjunctivitis sicca, is a complex condition
that affects the ocular surface. Alterations in the quality and/or quantity of the tear
film result in an instable tear film. Patients with DED report ocular discomfort and
irritation in conjunction with photophobia and blurred/fluctuating vision.! Multiple
etiologies may contribute to the various manifestations of DED, with inflammation
generally playing a central role in the pathophysiology of the condition.?
Classification systems have been developed to categorize the range of subtypes of
DED, primarily emphasizing the causative factors of the disease as well as the nature
of the affected components of the lacrimal functional unit."* The primary subtypes
of DED recognized by the classification system presented in the International Dry
Eye WorkShop (2007) include aqueous-deficient dry eye and evaporative dry eye.
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The category of aqueous-deficient dry eye is divided into
two main subtypes of Sjogren’s syndrome (SS) and non-
Sjogren’s syndrome DED.!

SS is a systemic autoimmune condition that affects the
exocrine glands. SS is a progressive condition that often
affects the salivary glands, resulting in symptoms of dry
mouth, and the lacrimal glands, causing a form of DED. The
exact triggers or causative factors involved in the development
of SS are unknown; however, as a progressive autoimmune
condition, chronic stimulation of the immune system likely
plays a central role in the pathophysiology.®’

The diagnosis of a patient with SS often occurs years
after the initial onset of symptoms, such as dry mouth and
the ocular irritation/discomfort associated with DED, with
the average time frame for diagnosis ranging from 3.9 to
10.4 years.®’ In addition, the detection of autoantibody
biomarkers via serological testing is generally required for
a confirmatory diagnosis of SS.!° Traditionally, the markers
for SS have consisted of anti-SS-A (Ro) or SS-B (La)
antibodies for primary SS, elevated antinuclear antibodies
(ANA), or the presence of rheumatoid factor (RF), indicating
a diagnosis of SS secondary to another autoimmune con-
dition. Recently, a set of novel autoantibodies has been
identified that appears to be associated with the early stages of
SS. Detection of autoantibodies to salivary protein-1 (SP-1),
parotid secretory protein 1 (PSP-1), and carbonic anhydrase
VI (CA-6) offers the opportunity to identify the development
of an autoimmune condition that may have been missed by
screening for only the traditional SS biomarkers.'"!2

The diagnosis and treatment of patients with DED can
be challenging due to the complex etiology of the condition
and a frequent lack of correlation between the signs and
symptoms of DED. Early identification of DED patients
with SS aids in obtaining a confirmatory diagnosis and
management of patients with directed treatment in a timely
manner. The purpose of the retrospective pilot study was to
characterize the biomarkers associated with SS identified in
the serological samples of patients with recalcitrant DED;
additionally, the modalities utilized in the treatment of DED
were evaluated for subsets of patients with and without serum
markers associated with SS.

Materials and methods

This retrospective clinical pilot study was conducted at
a single-center, multispecialty ophthalmology practice.
All assessments and patient queries were conducted at
the clinical site by certified investigators and technicians.
Study documents, including the patient data collection file,
were submitted to the Sterling Institutional Review Board

(Atlanta, GA, USA) for review; the investigator was granted
an exemption from full review, including approval of a waiver
of authorization for the use/disclosure of protected health
information based on the nature of the study as a retrospective
chart review, and a minimal perceived risk to patients as no
identifying information is included or presented.

The patient profiles presented include data from 48
sequential patients tested for biomarkers associated with
SS using the Sjo serological diagnostic panel (Bausch &
Lomb, Inc., Bridgewater, NJ, USA) with test services and
results interpretation provided by IMMCO Diagnostics, Inc.
(Buffalo, NY, USA). Inclusion criteria for the study were
based on a demonstration of recalcitrant DED and the ability
to provide a blood sample for serological testing. Samples
for serological testing were obtained during the assessment
of the patient’s DED. Patients were included in the study
who did not demonstrate the expected improvement in their
signs and symptoms of DED with traditional treatment
modalities. Patients reporting dry mouth concurrent with dry
eye symptoms were also included in the study population.
No other criteria were required for inclusion in the study.
Exclusion criteria for the study centered on the ability to
obtain serological test results to quantify the levels of the
biomarkers associated with SS. Patients were excluded from
the study population based on a lack of serological test results
(test results were not available or patients refused to have the
test performed). No other exclusion criteria associated with
past/present medical history were utilized.

Patient data were collected from the medical records
based on a retrospective chart review. Demographic informa-
tion (age, sex, and ethnicity), Sjo test results, and concurrent
use of the following dry eye treatment modalities were col-
lected from the chart review: artificial tear solutions, artificial
tear ointments, microwavable hot mask therapy (one or more
times per day), cyclosporine ophthalmic emulsion 0.05%
(Restasis®, Allergan, Inc., Irvine, CA, USA), intense pulsed-
light treatments, and oral omega-3 fatty acid (re-esterified
triglyceride form) nutritional supplements (Physician Recom-
mended Nutriceuticals, Plymouth Meeting, PA, USA).

Blood samples for serological analysis were collected
at the study center through a finger prick with a provided
lancet in the serological diagnostic panel kit. Blood samples
were collected on the sample card designed for use with
the diagnostic panel and submitted to IMMCO Diagnostics
for analysis of the serological biomarkers. A study report
was returned to the study site for each patient that included
measurements for each individual biomarker (PSP-1, SP-1,
CA-6, SS-A, SS-B, RF, and ANA) and an interpretation
of the results based on the relative levels for each analyte.
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Samples were determined to be positive or negative for each
biomarker based on a predetermined threshold titer range,
which were noted on the sample report.

No calculations were conducted with respect to the sam-
ple size of the study population due to the exploratory nature
of this pilot study. Descriptive statistics were prepared for
the patient demographic information of age (mean, median,
minimum, and maximum), sex (%), and ethnicity (%).
Patient subgroups were determined based on the results of the
serological testing; patients testing positive for biomarkers
associated with SS, patients testing negative for biomarkers
associated with SS, and patients for whom an insufficient
quantity of blood sample (quantity not sufficient [QNS]) was
indicated on the diagnostic panel study report. Additionally,
the individual serological markers (anti-SS-A, anti-SS-B,
ANA, RF, SP-1, PSP-1, and CA-6) were evaluated (% of
patients who tested positive for each serological marker or
marker group) for the patient subgroup that tested positive
for SS biomarkers. Additionally, usage of dry eye treatment
modalities was analyzed (%) for all patients in the study
population and for each patient subgroup.

Results

Six patients were excluded from the study based on a lack
of serological test results due to either the patient’s refusal
to provide a sample for analysis or that the serological test
results were not available for evaluation of the patient’s
immunological biomarkers. A total of 48 patients met the
inclusion criteria for the study and were evaluated in this
retrospective study analysis. The demographic informa-
tion collected from the patients is listed in Table 1 for the
overall study population and the patient subgroups based on
the results of the serological testing. A numerically higher

Table | Patient demographics

Overall Positive Negative QNS
(N=48) (n=11) (n=30) (n=7)
Age (years)
Mean (SD) 62 (14) 59 (15) 62 (14) 69 (13)
Median 64.5 6l 64.5 74
Min 26 26 26 44
Max 82 74 8l 82
Sex (%)
Male 17 9 20 14
Female 83 9l 80 86
Ethnicity (%)
White 83 64 93 71
Black 15 27 7 29
Hispanic 2 9 0 0
Note: N=48.

Abbreviations: Min, minimum; Max, maximum; QNS, quantity not sufficient;
SD, standard deviation.

percentage of female patients was observed in the subgroup
that tested positive for serological biomarkers associated
with SS (91% vs 83% in the overall study population;
Table 1).

Based on the results of the serological testing for
biomarkers of SS, 23% (eleven out of 48) of patients tested
positive for biomarkers associated with SS, 62% (30 out of
48) of patients tested negative for biomarkers associated
with SS, and the results for 15% (seven out of 48) of patients
were returned designated QNS, and were thus unable to be
evaluated. The frequency of detection for specific biomarkers
is portrayed in Figure 1. Novel biomarkers (SP-1, PSP-1,
and CA-6) associated with the early development of SS
were detected in 91% (ten out of eleven) of the patients who
tested positive for SS biomarkers, whereas 27% (three out
of eleven) of patients tested positive for the traditional SS
markers, SS-A and/or SS-B. ANA and RF were each detected
in 18% (two out of eleven) of the patients testing positive for
biomarkers associated with SS.

Treatment options that were utilized by patients in
the overall study population, patients testing positive for
SS biomarkers, and patients testing negative for SS biomarkers
are displayed in Figure 2A—C, respectively (treatment
modalities utilized by the seven patients for which a QNS
result was returned in the diagnostic study report are not
included in the summary statistics presented in Figure 2).
In the overall study population, nutritional supplements and
artificial tear solutions were reported as the most frequently
utilized treatment modalities, followed by hot mask therapy
and topical cyclosporine (Figure 2A). In patients who tested
positive for SS biomarkers oral nutritional supplements,
topical cyclosporine, and artificial tear unguents were observed
to have higher frequency of usage as compared to the patients

New biomarkers

(SP-1, PSP-1, CA-6) 91%
ANA 18%
RF 18%
Traditional markers o
(SS-A/Ro, SS-B/La) - 27%
0%  20% 40% 60%  80%  100%

Percentage of patients positive for biomarkers
associated with Sjogren’s syndrome

Figure | Distribution of the biomarkers associated with Sjogren’s syndrome based
on test results.

Notes: The percentages of patients who tested positive for individual biomarker
subsets is depicted. The biomarker subsets include the new biomarkers, SP-I,
PSP-1, and CA-6; ANA; RF; and the traditional biomarkers for Sjégren’s syndrome,
SS-A/Ro and SS-B/La. N=11.

Abbreviations: ANA, antinuclear antibodies; CA-6, carbonic anhydrase VI; PSP-1,
parotid secretory protein |; SP-1, salivary protein-1; RF, rheumatoid factor.
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Artificial tear solution

Artificial tear unguents 8%

Hot mask therapy

Topical cyclosporine, 0.05%

Intense pulsed-light therapy 10%
Omega-3 nutritional supplements
Other

N=48 0%

10% 20%

Avrtificial tear solution

Artificial tear unguents

Hot mask therapy

Topical cyclosporine, 0.05%

Intense pulsed-light therapy 9%
Omega-3 nutritional supplements
Other

N=11 0%

10% 20%

Avrtificial tear solution

Artificial tear unguents 7%

Hot mask therapy

Topical cyclosporine, 0.05%

Intense pulsed-light therapy 7%
Omega-3 nutritional supplements
Other

N=30 0%

10% 20%

Figure 2 Treatment options utilized by patients in the study population.

30%
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79%
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64%

27%

73%

82%

55%

40% 50% 60% 70% 80% 90% 100%

77%

7%

27%

80%

40% 50% 60% 70% 80% 90% 100%

Percentage of total patients

Notes: The treatment options for dry eye disease reported as utilized by patients in the study population are depicted as the percentages reported for the total population (A),
patients who tested positive for biomarkers associated with Sjogren’s syndrome (B), and patients who tested negative for biomarkers associated with Sjogren’s syndrome
(C). The treatment options reported by patients include: artificial tear solutions, artificial tear unguents, hot mask therapy, topical cyclosporine, 0.05%, intense pulsed light

therapy, omega-3 nutritional supplements, and “other” treatment options.

who tested negative for serological biomarkers or the overall
study population (Figure 2B). A higher percentage of patients
who tested negative for SS biomarkers reported use of hot mask
therapy as compared to the overall population and SS positive
patients while the lowest frequency of topical cyclosporine
usage was recorded in this subgroup (Figure 2C).

A higher number of patient samples were returned as
QNS during the early phase of utilizing the serological

diagnostic test (February—July 2014) versus the later stage of
patient sample collection (after July 2014). Six out of seven
patients whose serological samples were returned as QNS
were submitted in the initial portion of the study.

Discussion
The primary purpose of this study was to characterize
the serological biomarkers associated with SS identified
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in patients with recalcitrant DED. The serological profile
of the patients who were determined to be positive for
SS biomarkers indicated that nearly all of this subset of
patients expressed autoantibodies for the recently identified
biomarkers associated with the early development of SS:
SP-1, PSP-1, and CA-6. These novel biomarkers (SP-1,
PSP-1, and CA-6) associated with the early development of
SS were detected in 91% (ten out of eleven) of the patients
who tested positive for SS biomarkers, whereas 27% (three
out of eleven) of patients tested positive for the traditional
SS biomarkers, SS-A and/or SS-B. Therefore, testing patients
with recalcitrant DED with these new biomarkers may aid
in the earlier diagnosis of SS. The novel biomarkers were
also detected in the serological samples of the three patients
who tested positive for the classical SS markers (SS-A and/or
SS-B), indicating that the autoantibodies to SP-1, PSP-1,
and CA-6 apparently continue to be expressed beyond the
early stages of SS.

The patient population in this study included 48 sequen-
tial subjects with recalcitrant DED. Failure to achieve
improvement in the clinical signs of dry eye and reported
symptoms by the subjects, despite conventional therapy, were
the primary criteria used to select patients for serological test-
ing and inclusion in this pilot study. Although a more selec-
tive set of inclusion and exclusion criteria may be necessary
for a multicenter study with a larger patient population, the
Investigator determined that the reported inclusion criteria
were sufficient to warrant serological testing based on clinical
experience. Despite the relatively small size of the patient
population in this single-center study, 23% of the patients
tested positive for biomarkers associated with SS. A majority
of the overall patient population was female (83%), and
the preponderance of female patients was increased in the
subgroup of patients who tested positive for SS (91%). The
high ratio of female to male patients identified with SS
biomarkers in the present study agrees with the historically
reported epidemiological ratio of 9:1 female to male ratio;"
however, the high starting percentage of female subjects in
the present study population limits the ability to draw conclu-
sions based on sex distribution of patients testing positive
for SS biomarkers.

The assessment of the patient profile of treatment modali-
ties for DED revealed that the use of omega-3 nutritional
supplements, artificial tears, and hot mask therapy were
the most commonly utilized therapies in the overall study
population (Figure 2A). Interestingly, topical cyclosporine
(0.05%) was recorded as therapy used by 73% of the
subgroup of patients who tested positive for SS biomarkers,

as compared to only 27% of patients who tested negative
based on serological markers. In contrast, a higher percentage
of patients with a negative biomarker test result reported
the use of hot mask therapy (77%) in comparison to only
27% of patients who tested positive for SS biomarkers.
The inverse profile of these treatment modalities may offer
insight into patients who were more likely to present with
a more prominent aqueous-deficient component of DED
as compared to meibomian gland dysfunction. The limited
size of the study population in this pilot investigation limits
the ability to draw broad conclusions based on the profile
of treatment modalities for the subgroups identified in this
study; additional clinical evaluation would be required to
confirm this hypothesis.

Samples from a total of seven patients were returned as
QNS regarding the serological analysis. The high rate of
samples returned as QNS during the early phase of the study
(February—July, 2014) is attributed to the general inexperi-
ence of the clinic staff in obtaining the blood samples to be
sent for analysis. Once the clinic staff had gained experience
in collecting the samples, only one QNS result was returned
in the latter half of the study period. The relatively high
frequency of QNS results in the early phase highlights the
necessity for consistent staff training and strict adherence
to the sample collection procedure. Recent modifications in
the design of the lancets used to collect the blood samples
for analysis and the option to order sample collection via
venipuncture for serological analysis from a centralized
laboratory may also serve to reduce the frequency of QNS
results of the diagnostic panel testing.

The conduct of this retrospective pilot study at a single-
center is a limitation of this study. Expansion of the number
of study centers and total patient population would enhance
the ability to extrapolate the study findings, particularly
in regard to the characteristic profile of patients with and
without the biomarkers associated with SS. Despite the
heightened awareness of SS by clinicians and the availability
of a centralized serological diagnostic testing, the time lag
for the diagnosis of SS remains at several years following
the onset of patient symptoms.*?

Conclusion

As an autoimmune disease, SS is considered a relatively rare
condition. In the present study population, 23% of the patients
tested positive for serological biomarkers associated with SS,
highlighting the potential that SS may be more common than
expected in our patients with recalcitrant DED. Additionally,
the observation in this preliminary data set that ten out of
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eleven patients who tested positive had antibodies against
the novel biomarkers emphasizes the importance of expand-
ing the scope of general testing for SS to evaluate patients
for these early immunological indicators in order to avoid
misdiagnosis. Follow-up evaluation of patients identified
as positive for the serological biomarkers associated with
SS is an important part of management of their condition.
Additional measures include referral to a rheumatologist
and/or oral medicine specialist for evaluation and salivary
gland biopsy, as warranted, to confirm the diagnosis of SS.
Earlier recognition and diagnosis of the signs and symptoms
of SS allow for a confirmatory diagnosis and appropriate
management of this systemic, progressive condition.
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