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Abstract
Purpose: Dry eye (DED) is a multifactorial disease of the ocular surface in which ocular surface
in�ammation and damage play etiological roles. In the present study, we compared symptoms and signs
in patients with DED treated with 0.1% Cyclosporine A (CsA) cationic emulsion (Ikervis, Santen) and
0.05% CsA anionic emulsion (Restasis, Allergan).

Methods: Single-center, retrospective, 202 consecutive DED patients were treated with 0.1% CsA cationic
emulsion (Ikervis, n=101) or 0.05% CsA anionic emulsion (Restasis, n=101) over six months.
Ophthalmological work-up included Ocular Surface Disease Index (OSDI) questionnaire, �uorescein
break-up time (FBUT), �uorescein ocular surface staining (OSS), Schirmer’s test, meibum expressibility
(ME), and meibum quality (MQ).

Results: In both treatment groups, subgroup analysis revealed a signi�cant improvement of OSDI only in
patients with severe symptoms at baseline (OSDI 33-100). Ikervis-treated patients with OSDI <23 at
baseline had a signi�cant increase in symptoms. OSS and FBUT improved signi�cantly in most
subgroups irrespective of Ikervis or Restasis being used. Regression analysis revealed a signi�cant
superiority to Restasis with regard to FBUT improvement and superiority to Ikervis in regards ME
improvement.

Conclusions: We conclude that there is seemingly no substantial difference in e�cacy between the two
drugs. The strength of Restasis is increased e�cacy at improving FBUT and of Ikervis improving ME. 

Introduction
Dry eye disease (DED) is a common ophthalmic condition with prevalence ranging from 5% to 50% in the
general population 1,2. DED can be caused by reduced tear production, increased tear �lm evaporation, or
a combination thereof 3, resulting in symptoms such as itching, foreign body sensation, redness,
soreness, burning, and ocular discomfort. The Tear Film & Ocular Society Dry Eye Workshop II (TFOS
DEWS II) de�nition of DED highlights “tear �lm instability and hyperosmolarity, ocular surface
in�ammation and damage, and neurosensory abnormalities” as key etiological components 3. The
impact of severe DED on quality of life is comparable to that of moderate angina pectoris 4,5; yet, with a
few exceptions, such as Cyclosporine A (CsA) and more recently li�tegrast, most available treatments are
palliative. 

It is well established that in�ammation triggered by both innate and adaptive immune responses is
critical to the pathogenesis and chronicity of DED 6. In DED, reduced tear production or increased tear
evaporation can lead to the tear �lm becoming hyperosmolar, with increased matrix metalloprotease
concentrations and cytokine imbalance 7. Tear hyperosmolarity is central to the vicious cycle in DED
pathophysiology, as it induces corneal and conjunctival cell apoptosis by triggering an in�ammatory
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cascade reaction. Driven by a T-cell–mediated response, the in�ammatory cascade further causes
apoptosis and loss of mucin-producing goblet cells 8-11.  

There is a wide range of pharmacologic and non-pharmacologic treatment strategies for DED including
arti�cial tears, antibiotics, topical steroids, topical CsA, and warm compresses 12. First-line therapies
usually include arti�cial tears; however, in many patients this is not su�cient to resolve the underlying
in�ammation. A metabolite derived from the fungi Tolypocladium in�atum and Beauveria nevus 13, CsA
is an immune modulator that functions by inhibiting T-cell activity by downregulating interleukin (IL)-2
protein expression and gene transcription 14,15. Consequently, the vicious cycle of DED could be
interrupted by CsA. 

Until the recent (2018) approval by the U.S. Food and Drug Administration (FDA) of Cequa (Sun Pharma,
Mumbai, India), there have been two commercially available topical CsA formulations 13 on the market:
CsA cationic emulsion (Ikervis, Santen, Solna, Sweden) and 0.05% CsA emulsion of castor oil-in-water
(Restasis, Allergan, Dublin, Ireland). The FDA approved Restasis in 2002, whereas Ikervis was approved
by the European Medicines Agency in 2015.  

Despite the widespread use of these two medications, there is no published study comparing their effects
in humans. A recent study by Daull et al. demonstrated that both Ikervis and Restasis are able to reduce
corneal epithelial lesions by modulating in�ammation-related genes in a mouse model of DED 16.
Although the genes were modulated in different manners between the CsA formulations, no conclusion
on superiority was made 16. In an in-vitro study on human corneal epithelial cells, Hwang et al. showed
that Ikervis had more potent anti-in�ammatory and antiapoptotic effects than Restasis, though the
clinical signi�cance of this has not been studied 17.  

In the present study, we aimed to compared the e�cacy of Ikervis and Restasis for treating DED.

Methods

Ethics
The study was conducted in accordance with the Declaration of Helsinki. The Regional Committee for
Medical & Health Research Ethics (REC), Section C, South East Norway, reviewed the use of the data from
the Norwegian Dry Eye Clinic for the study (reference: 2013/812). The REC found the research project’s
“Evaluation of data from the Norwegian Dry Eye Clinic” to be outside the remit of the Act on Medical and
Health Research (2008) and therefore its implementation did not require REC approval. A REC letter of
exemption has been provided. Written informed consent was obtained from all participants' prior data
collection. 

Patients
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At their initial visit to the Norwegian Dry Eye Clinic, a total of 1816 patients with DED consented to their
data being collected and used for research purposes. Patients treated between 2012 to 2017 were
consecutively reviewed. To be included in the study, the patients had to have received either Ikervis or
Restasis and attended both �rst-time consultation (baseline) and a 6-month follow-up. Patients who had
received both drugs were excluded. In addition to CsA, all patients received preservative-free tear
substitutes. A warming device and eyelid hygiene were recommended to patients with meibomian gland
dysfunction (MGD). Informed consent for the use of anonymized data for research and publication was
obtained from all patients.  

Ophthalmological work-up
The patients completed a self-report questionnaire on symptoms of ocular dryness (Ocular Surface
Disease Index [OSDI]) 18, followed by a comprehensive ophthalmological work-up that included 1)
assessment of ocular surface staining (OSS) after administration of 5 μl 20 mg/ml sodium �uorescein
scored with the Oxford grading scheme 19, 2) �uorescein break-up time (FBUT) measured in seconds
from a blink until the �rst appearance of a dry spot on the tear �lm 20,21, 3) Schirmer’s test without
anesthesia (measured in mm) 20, and 4) meibum expressibility (ME) 22, and meibomian quality (MQ) 22.
Only data collected from the right eye were analyzed. All examinations were performed at the same
clinic. 

Statistical analysis
Data are reported as the mean and standard deviation. A signi�cance level of p <0.05 was used
throughout the study (SPSS ver. 24.0). Linear regression models were �tted to test if there are any
signi�cant differences in reduction of symptoms between the two treatments (Restasis or Ikervis). The
models were �tted with changes in the different ophthalmological scores over the treatment period as the
dependent variables. The treatment type was included as an independent variable. The change in
ophthalmological scores over the treatment period may depend on the scores before treatment and is
included as an independent variable. Further, patient age and sex are included as independent variables.  

We evaluated the changes in OSS, FBUT, ME, and MQ values with Wilcoxon’s signed rank test (non-normal
distribution) and OSDI scores with a paired sample t-test. Intergroup differences in age and OSDI were
analyzed with an independent sample t-test (normal distribution), differences in sex with a chi-square
test, and OSS, FBUT, ME, and MQ values were analyzed with the Mann-Whitney U test.  

Patients were further divided into six subgroups based on baseline OSS values (Oxford grading scheme
values of 0, 1, 2, 3, 4, 5+), �ve subgroups based on baseline FBUT (1, 2, 3, 4, >5 seconds), and four
subgroups based on baseline OSDI score (normal [0–12], mild [13–22], moderate [23–32], severe [33–
100]). In the subgroup analyses of pre/post-treatment OSS, FBUT, and OSDI, values were evaluated with
Wilcoxon’s signed rank test due to the small sample size.
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Results

Patient demographics
A total of 202 patients were included in the analysis. We included all patients who matched the inclusion
criteria. By chance the groups ended up being equal in size (Fig. 1). The mean age of the Ikervis and
Restasis group was 52 ± 16 years and 54 ± 16 years, respectively (p = 0.28). Table 1 shows the age
distribution between the groups. The majority of the patients were women, as is previously reported in
patients with DED 23. Sex distribution was equal: women constituted 72% and 81% of the Ikervis and
Restasis group, respectively (p = 0.13), thus the two groups were the same with respect to age and sex.

 
Table 1

Patient demographics

  Ikervis Restasis P-value

Mean age 52±16 54±16 0.28

0–20 1 0  

21–30 9 10  

31–40 18 15  

41–50 22 19  

51–60 21 15  

61–70 18 26  

71–80 4 12  

81+ 7 3  

Sex (female) 72% 81% 0.13

Dry eye parameters before treatment
At baseline, the Ikervis group had higher OSS, shorter FBUT, lower OSDI score, higher ME, and higher MQ,
whereas the Schirmer’s test score was not signi�cantly different between the two groups (p = 0.41) (Fig.
2).

Changes in clinical signs and subjective symptoms after six
months of treatment
The results of the regression analysis are shown in Table 2. The �rst row shows the change in the
ophthalmological scores using Ikervis for a typical patient, i.e. female of 52 years with an average value
of each parameter at baseline. A signi�cant improvement in OSS, FBUT and ME was observed for such a
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patient, indicating both treatments’ effectiveness at treating DED. The second row shows how the change
in the ophthalmological scores depend on the baseline data. These results indicate, for all parameters,
that the treatment effect is greater for higher baseline values. These results are explored further below in
the subgroup analysis. 

Table 2
Results of the regression analysis

  Change in
OSS

(95% CI)

Change in
FBUT

(95% CI)

Change in
OSDI

(95% CI)

Change in
Schirmer

(95% CI)

Change in
ME

(95% CI)

Change
in MQ

(95%
CI)

For the “typical”
patienta

-1.58***

(-1.82,
-1.34)

2.44***

(1.51,
3.37)

-2.36

(-7.02,
2.31)

2.12

(-0.21, 4,45)

0.45***

(0.27, 0.62)

-0.75

(-1.82,
0.31)

Compared to
baselineb

-0.75***

(-0.82,
-0.67)

-0.45***

(-0.68,
-0.21)

-0.55***

(-0.71,
-0.39)

-0.29**

(-0.50, -0.08)

-0.63***

(-077,-0.49)

-0.67***

(-0.80,
0.54)

Treatment
comparisonc

0.02

(-0.29,
0.33)

1.36*

(0.17,
2.55)

-2.64

(-10.67,
5.40)

-0.87

(-4.19, 2.46)

-0.89***

(-1.17,
-0.62)

-0.98

(-2.52,
0.56)

Sexd -0.29

(-0.65,
0.07)

1.95**

(0.53,
3.38)

-0.22

(-8.23,
7.78)

-1.86

(-5.64, 1.93)

-0.021

(-0.26,
0.22)

-0.15

(-1.74,
1.44)

Agee -0.0001

(-0.01,
0.01)

-0.04*

(-0.08,
-0.01)

0.045

(-0.16,
0.25)

0.05

(-0.06, 0.15)

0.007

(0.00, 0.01)

-0.039

(-0.08,
0.01)

aFrom baseline to six months for a female patient using Ikervis with an average value of the
parameter and average age. A signi�cant positive value indicates an increase in the value of the
parameter after six months

bA signi�cant negative value indicates that the change in the parameter decreases with a higher
baseline value, (for example the greater the baseline value of OSS, the greater the decrease)

cA signi�cant value shows a signi�cant difference in the effect of using Restasis compared to Ikervis

dA signi�cant value shows signi�cant difference in effect for male and female

eA signi�cant value shows signi�cant change in effect with age

*p < 0.05; **p < 0.01; ***p < 0.001; CI: Con�dence interval; OSS: Ocular surface staining; FBUT:
Fluorescein break-up time; OSDI: Ocular Surface Disease Index; ME: Meibomian expressibility; MQ:
Meibomian quality
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The third row shows the difference in effect using Restasis instead of Ikervis. Restasis has 1.36 s higher
increase in FBUT than Ikervis (p = 0.026). Restasis also results in 0.89 less improvement in ME than
Ikervis (p < 0.001). The fourth row shows that male patients have 1.95 higher increase in FBUT than
female patients. There was no difference in the other measured parameters. The �fth row shows that the
change in FBUT is reduced by 0.04 s per year (p = 0.027), indicating that the treatment effect is reduced
with increasing age.

Table 3shows the means of the different parameters at baseline at six months follow-up without any
statistical corrections. It shows signi�cant improvement for OSS and FBUT for both treatments, whereas
OSDI is only improved by Restasis. 
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Table 3
Comparisons of Ikervis and Restasis over six months.

    Before After P-value

OSS (AU) Ikervis

n = 100

3.09±2.17 1.04±1.26 < 0.001

Restasis

n = 100

2.04±2.02 0.82±1.15 < 0.001

FBUT (s) Ikervis

n = 101

3.01±2.73 6.19±4.42 < 0.001

Restasis

n = 101

3.61±2.52 7.60±4.89 < 0.001

OSDI (AU) Ikervis

n = 83

31.8±20.4 32.8±19.3 0.64

Restasis

n = 36

52.5±22.3 39.6±23.1 0.006

Schirmer (mm) Ikervis

n = 53

11.06±6.71 12.83±9.80 0.32

Restasis

n = 37

11.16±9.61 11.97±9.26 0.40

ME (AU) Ikervis

n = 94

2.11±0.65 2.27±0.66 0.054

Restasis

n = 29

1.69±0.54 1.62±0.62 0.59

MQ (AU) Ikervis

n = 82

10.93±4.94 9.13±4.71 0.01

Restasis

n = 48

7.98±5.16 7.13±4.39 0.26

Means with standard deviation at baseline and six months after treatment. OSS: ocular surface
staining; FBUT: �uorescein break-up time: OSDI: ocular surface disease index: ME: meibum
expressibility; MQ: meibum quality; s: seconds; mm: millimeters; AU: arbitrary units.
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Subgroup analysis
In subgroups arranged by baseline OSS, all subgroups had signi�cantly improved OSS post-treatment
except patients with baseline OSS of 0 in the Ikervis groups and patients with baseline OSS of 0 and 1 in
the Restasis groups (Table 4). In subgroups categorized by baseline FBUT, all patients had signi�cantly
improved FBUT, apart from Restasis-treated patients with a baseline score of ≥ 5 seconds (Table 5). In
subgroups sorted by baseline OSDI scores, only the subgroup with severe symptoms (OSDI score ≥ 33)
demonstrated improvement in both treatment groups (Table 6). Those with moderate symptom (OSDI
score 23–32) had no change in either group, and Ikervis-treated patients with a baseline OSDI of less
than 22 had an increase during the course of treatment. There were only two Restasis patients in the
latter group so they could not be analyzed. 

Table 4. Subgroup analysis for ocular surface staining (OSS)

Ikervis          Restasis  

Staining* Mean  S.D.    
 n

P-
value

Mean S.D.    
 n

P-
value

0 Before 0 0 20 0.024 0 0 13 0.066

After 0.45 0.83 0.54 0.97

1 Before 1 0 25 0.003 1 0 8 0.257

After 0.44 0.77 0.63 0.92

2 Before 2 0 29 <0.001 2 0 18 0.001

After 0.72 1.22 0.89 0.76

3 Before 3 0 10 0.007 3 0 24 <0.001

After 1.30 0.95 1.00 1.22

4 Before 4 0 6 0.026 4 0 20 <0.001

After 1.17 0.98 0.75 1.29

5+ Before 6.70 2.26 10 0.005 6.65 2.18 17 <0.001

After 2.10 1.60 1.87 1.51
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Table 5
Subgroup analysis for �uorescein break-up time (FBUT) values

    Ikervis       Restasis    

FBUT   Mean S.D. n P-value Mean S.D. n P-value

1 Before

After

1

5.46

0

2.99

13 0.0014 1

4.21

0

2.63

28 < 0.001

2 Before

After

2

8.17

0

5.68

30 < 0.001 2

5.18

0

3.22

33 < 0.001

3 Before

After

3

6.33

0

2.77

18 < 0.001 3

5.82

0

2.81

17 < 0.001

4 Before

After

4

5.18

0

1.54

11 0.031 4

10.50

0

5.48

8 0.018

5+ Before

After

6.89

9.57

2.36

5.75

28 0.0095 8.71

10.64

3.20

6.34

14 0.33

 
Table 6

Subgroup analysis for Ocular Surface Disease Index (OSDI) scores
Ikervis Restasis

OSDI   Mean S.D. n P-value Mean S.D. n P-value

0–12 Before 6.4 3.4 14 0.003 6.3 5.9 2 0.66

After 21.7 13.6 9.1 6.9

13–22 Before 16.9 3.0 17 0.011 - - 0 -

After 29.8 19.0

23–32 Before 26.6 3.3 18 0.94 25.5 4.0 4 0.72

After 26.3 13.0 29.3 23.0

33–100 Before 52.5 13.4 34 0.003 59.1 17.4 30 0.004

After 42.4 20.4 43.0 22.3
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Discussion
Ikervis and Restasis treatment of DED was effective, as both improved OSS and FBUT. Fluorescein
staining as measured by OSS is a well-established method for evaluating the health of the ocular surface
and its barrier function; hence, improved staining values would be of particular interest as they indicate
improvement in ocular surface integrity. Previous studies have shown that Restasis decreases OSS and
improves OSDI, Schirmer’s test, and FBUT 24–27. Similar results have been shown for Ikervis, with
signi�cant improvement as early as 1 month after the initiation of treatment 28–30. Our results found no
major differences between the improvement in the two groups. High OSS at baseline appeared to result in
a greater response to treatment.

The Schirmer’s test with anesthesia is a measure of baseline tear production, whereas the test without
anesthesia measures the combination of baseline and re�ex tear production as the ocular surface is
irritated by the paper strip. Wan et al. hypothesized that the improved OSS, a sign of decreased
in�ammation and improved ocular surface epithelial quality, results in decreased sensory-driven re�ex
tear production 24. The authors supported this assertion by demonstrating a signi�cant increase in the
score for the Schirmer’s test without local anesthesia along with an improvement in OSS. On the contrary,
the patients in the present study had consistently undergone the Schirmer’s test without anesthesia and
did not show any improvement. Sall et al. have reported the same �ndings as the present study 25.

The subgroup and regression analysis showed that patients with severe symptoms (OSDI score > 33) at
baseline were the only ones to show signi�cant improvements in symptoms after treatment in both
groups. A change in OSDI score by ≥ 10 is considered clinically signi�cant 31. Leonardi et al. reported a
signi�cant decrease in OSDI score by 14.4 after 6-months Ikervis use 29. Baudouin et al. demonstrated
similar results in their Ikervis study 28, and many studies have shown clinically signi�cant improvements
by Restasis 32–34. The OSDI results in our study agree with those in the previous studies for patients with
severe symptoms.

Interestingly, we found that Ikervis-treated patients with none or mild symptoms at baseline had a
signi�cant increase in symptoms over six months. There were not enough Restasis-treated patients in
these subgroups for a similar analysis. Ikervis is known to cause pain upon instillation 28 and the OSDI-
questionnaire requires the patients to answer if they have had any ocular discomfort in the last week 18.
As the side-effects of Ikervis includes discomfort, this may have confounded the OSDI-results. Patients
with few dry eye related complaints at baseline should be warned of a potential increase in symptoms
during the initial six months of treatment. Further and larger long-term studies, however, are warranted to
draw more certain conclusions.

The tear �lm is a complex �uid that protects the ocular surface. Tear �lm instability, a key �nding in DED,
causes more frequent blinking, which may lead to interference with visual tasks and to visual fatigue. The
tear �lm is restored after a blink, when �uid secretion from the meibomian glands is released onto the
ocular surface. The stability of the tear �lm can be quanti�ed with FBUT, which improved signi�cantly
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after treatment with both drugs when baseline FBUT was under �ve seconds. This was seen in previous
studies for both drugs 24,26,28. Interestingly, our �ndings show that Restasis patients had a larger increase
in FBUT than Ikervis. The treatment was also more effective at increasing FBUT in males and in younger
patients.

The anti-in�ammatory effect of CsA is bene�cial for treating MGD as it may improve MQ 35–38. In the
present study, all patients had MGD to a certain degree, with decreased FBUT and increased MQ and ME,
and they were instructed to undergo warming therapy in addition to CsA treatment, although compliance
is unknown. MGD is the leading cause of DED and has been associated with increased levels of
in�ammatory cytokines in tear �uids, such as IL-1, IL-6, IL-8, IL-12, epidermal growth factor, and tumor
necrosis factor-alpha 39,40. Of special interest is IL-6, the levels of which differ most greatly between
healthy and dry eyes 41,42. CsA can decrease IL-6, which may explain its usefulness for treating DED
caused by MGD 43. In our study, both drugs improved FBUT signi�cantly with some superiority to
Restasis, whereas Ikervis showed superiority in regards to ME improvement. Hence, both drugs seem to
be effective at treating MGD.

Our study has some limitations. A retrospective study design is not ideal for comparing two drugs and
therefore offers a lower level of evidence compared to a prospective randomized controlled study. The
data for this study was collected over a period of many years, and during this time the operating
procedure at the clinic evolved and more data was gradually collected at control visits. As a result, the
number of parameters included at six months follow-up is not the same for all the patients, offering less
evidence for our results on ME, MQ, and OSDI. The major strength of this study beside sample size is that
there is no other comparisons of these two drugs in the scienti�c literature. Thus, our results offer a
unique insight into their e�cacies.

In conclusion, our study does not indicate a substantial difference in e�cacy between the two drugs as
both Restasis and Ikervis caused objective and subjective improvement in DED patients. The severity of
DED appears to be a good indicator for therapy response in both groups, with Restasis being more
effective at improving FBUT and Ikervis more effective at improving ME.
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Figure 1

Flow chart of patient inclusion
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Figure 2

Baseline data.


