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Purpose: To compare intermediate visual outcomes in patients previously implanted with bilateral Clareon monofocal IOLs versus
bilateral Eyhance IOLs.

Methods: This was a non-interventional, single-center, examiner-masked, comparative study. Participants were cataract patients
presenting at least 3 months after uncomplicated, bilateral implantation of either Clareon or Eyhance non-toric and toric IOLs.
Outcomes measures included binocular distance-corrected intermediate visual acuity (DCIVA), binocular corrected distance visual
acuity (CDVA), binocular best-corrected defocus curve, postoperative mean residual spherical equivalent (MRSE), and residual
astigmatism.

Results: A total of 620 eyes of 310 subjects (155 subjects per group) were evaluated. The mean difference in DCIVA was 0.05 logMAR
between the Eyhance and Clareon IOLs which was significant (p < 0.01), but within the 0.1 logMAR non-inferiority margin. Mean CDVA of
the Clareon group was 0.01 £ 0.03 logMAR compared to 0.02 £ 0.03 logMAR of the Eyhance Group (p > 0.05). Defocus curves from +1.0
D to —3.0 D were not clinically nor statistically different between the Clareon and Eyhance groups (p > 0.05).

Conclusion: The results of this study show that bilateral implantation of Clareon monofocal IOLs and Eyhance monofocal IOLs lead

to similar distance and intermediate visual outcomes.

Plain Language Summary: The natural lens inside the eye can become opaque. Cataract surgery removes this lens and replaces it
with an artificial intraocular lens (IOL). The most often used type of intraocular lenses are monofocal lenses. These lenses provide
clear vision for viewing distant objects. Increasing attention is also being paid to how these monofocal lenses perform for viewing
objects at intermediate distances (such as using a digital device). The purpose of this study was to compare visual outcomes in patients
with bilateral implantation of two different types of monofocal lenses, one of which was specifically designed to increase depth of
focus. The results of this study suggest that implantation with these monofocal IOLs led to similar visual outcomes and that both
monofocal IOLs may provide a similar potential to improve vision at the intermediate range.

Keywords: Clareon, Eyhance, monofocal, intermediate visual acuity

Introduction
The most widely utilized type of intraocular lens (IOL) in cataract surgery is a monofocal implant. While this type of IOL
primarily improves vision at one distance based on refractive targeting, most patients require spectacles to obtain optimal
intermediate and near vision. There is a growing desire to enhance the quality of spectacle-independent intermediate
vision because many daily and meaningful activities, including grocery shopping, preparing meals, computer work, and
using a tablet, are performed at this distance.' Patients have also reported that freedom from spectacles while carrying out
these activities can improve their quality of life.>

High levels of spectacle independence can be achieved with presbyopia-correcting IOLs, such as trifocals or extended
depth of focus IOLs.® However, these premium lenses come at a higher out-of-pocket cost to the patient and can involve
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undesirable photic phenomena.* ® Importantly, monofocal IOLs may also achieve a slightly extended depth of focus,
depending on their specific optical design,””® although these outcomes have not been a historically meaningful subject of
discussion.

A prospective experimental study recently demonstrated that improved intermediate vision can be obtained by modifying
the optic design of traditional monofocal IOLs.” One Food and Drug Administration (FDA) approved monofocal IOL with
modifications from the traditional design is the TECNIS Eyhance ICB00 (Johnson & Johnson Vision) IOL. Compared to its
traditional monofocal analog, the TECNIS 1-piece IOL ZCBO00, the Eyhance IOL has a modified aspheric anterior surface that
facilitates a steady increase in lens power within the central 1 mm diameter of the IOL optic.'® This change in optical design
intends to facilitate similar distance visual acuity and enhanced intermediate range of vision compared to ZCB00."%" Since
the Eyhance was approved as a Level A Modification of the ZCB00 IOL, no clinical data was required to demonstrate
a clinically meaningful extension of depth of focus. Therefore, no FDA registration study was performed to support the
inference that this modified optic design provides a clinically significant extended range of vision. However, a European
multicenter study reported that patients with bilateral Eyhance IOLs may experience improved intermediate vision compared
to the ZCB00 monofocal IOL.'? It has also been reported that bilateral implantation with other monofocal IOLs can provide
some intermediate vision.'*'> There is minimal data directly comparing visual outcomes between the Eyhance and newer
monofocal IOL designs from different companies. The purpose of this study was to compare visual outcomes in patients with
bilateral Clareon IOLs versus bilateral Eyhance IOLs.

Methods

This non-interventional prospective, single-center, bilateral, non-randomized, open-label, examiner-masked, two-arm
comparative study was performed with the approval of an institutional review board (WIRB-Copernicus Group IRB).
The study was conducted at a private practice, therefore an independent IRB was used. All subjects provided written
informed consent before participation in the study. The study was conducted following the tenets of the 1964 Declaration
of Helsinki, the appropriate US Health Insurance Portability and Accountability Act (HIPPA) regulations were followed,
and it was registered at ClinicalTrials.gov (NCT05226884). Data are not available for sharing.

The study included subjects who previously underwent uncomplicated age-related cataract surgery with bilateral implan-
tation of either Clareon monofocal IOLs or Eyhance monofocal IOLs at least three months prior to enrolment. Subjects who
underwent surgery between March 2021 and September 2022 were eligible for participation, and recruitment was consecutive.
Additional inclusion criteria were clear intraocular media (ie, no posterior capsular opacification) and a postoperative
corrected distance visual acuity (CDVA) for each eye of logMAR 0.1 (20/25) or better after cataract removal. If an yttrium
aluminum garnet (YAG) capsulotomy was performed to treat posterior capsular opacification (PCO) after surgery, a minimum
of two weeks must have passed after the procedure to participate in the study. Subjects affected by ocular comorbidities,
including glaucoma, strabismus, corneal dystrophy, corneal irregularities, retinal disease, optic nerve atrophy, or any
degenerative visual disorder were excluded. Other exclusion criteria were previous anterior segment (other than cataract
surgery) or posterior segment surgery, history of retinal detachment, a preexisting condition that may affect cataract removal
(such as pseudoexfoliation syndrome, posterior polar cataract, or a prescription for Flomax), and any clinically significant
acute or chronic illness that may have confounded the results of this investigation (such as diabetes, atopic disease, connective
tissue disease, or immunocompromised state). Subjects with intraoperative complications, such as a capsular tear, or
inadequate pupillary dilation, were excluded from the analysis.

The TECNIS Eyhance ICB00 IOL (Johnson & Johnson Vision) is a single-piece, hydrophobic acrylic, foldable monofocal
lens with an overall length of 13.0 mm and an optic diameter of 6.0 mm. The anterior surface of the innermost 2.0 mm
diameter is aspheric, designed to sustain a modest increase in central lens power and promote a slightly extended depth of
focus.'® Both toric (DIUxxx) and non-toric (DIB00) versions of the Eyhance monofocal were included in the study.

The Clareon monofocal IOL (Alcon Laboratories, Inc.) is a one-piece, hydrophobic acrylic, foldable monofocal lens
spanning 13.0 mm in overall length and 6.0 mm in optic diameter, with an aspheric anterior surface and a spherical posterior
surface.'” Both models of the Clareon monofocal, the CCAOTO (UV-blocking) and the CNAOTO (blue light filtering
chromophore), were included in the study as they have identical optical designs. Toric versions of the Clareon lens were
not available at the time of implantation, therefore there were none included in this study.
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Baseline preoperative characteristics were retrieved by chart review. These included anterior chamber depth (ACD),
axial length (AL), pupil size, corneal astigmatism, keratometry readings in the vertical (K1) and horizontal (K2) corneal
meridians, spherical equivalent (SE), IOL power, target, and predicted post-operative spherical equivalent, based off IOL
calculations.

All cases included in the study were performed by four surgeons at a single private practice institution in Houston,
Texas. The choice of IOL was decided before surgery after a discussion between the patient and the surgeon. Each
surgeon performed their standard cataract extraction technique, phacoemulsification, and implanted one of the previously
described IOLs in the capsular bag. The IOL power selection and outcome targets included bilateral emmetropia, mini-
monovision, and monovision, and were individualized per patient based on a discussion with the surgeon. The second eye
was implanted two weeks after the first eye for each patient.

All study measurements were taken at a single visit at least three months after cataract surgery had been performed to
implant the same IOL in both eyes. The subject population for this study included patients who were not targeted for
emmetropia in both groups (target ranged from —2.50 to 0.00 D). Therefore, visual acuities were collected with distance
correction in place to eliminate residual postoperative refractive error as a confounding factor. Early Treatment Diabetic
Retinopathy Study (ETDRS) charts were used to measure visual acuities based on cumulative letters, then subsequently
converted to logMAR for statistical analysis. Distance and intermediate visual acuities were tested at 4m and 66 cm,
respectively. Binocular defocus curve was done in —0.5 D increments over a range from +1.0 D to —3.0 D. No product
complaints, adverse events, nor serious adverse events were reported to the principal investigators during this study.

The primary clinical outcome measure was the comparison of binocular distance-corrected intermediate visual acuity
(DCIVA) in the Eyhance group to the binocular DCIVA in the Clareon group. Secondary outcome measures included the
comparison of corrected distance visual acuity (CDVA), binocular distance corrected defocus curves, postoperative
manifest refraction spherical equivalent (MRSE), and postoperative residual astigmatism (PRA) between the Eyhance
group and the Clareon group.

Sample size calculations indicated that 155 subjects per arm (for a total of 310 subjects) were required to demonstrate
non-inferiority with a 0.1 logMAR non-inferiority margin, assuming that the difference in binocular DCIVA between
groups was 0.05 £ 0.15 logMAR, with 90% power and Type I error probability (alpha) of 0.05. Statistical analysis was
performed using R (version 4.2.1; The R Foundation for Statistical Computing, Vienna, Austria). All analyses included
data from all subjects who received either Clareon or Eyhance IOLs with no data imputation. Normality was assumed if
skewness was + 2 and kurtosis was + 7. Welch Two Sample #-test was used for parametric data and the Wilcoxon rank-
sum test was used for non-parametric data. For all statistical analyses, p < 0.05 was considered significant.

Results

A total of 315 cataract subjects were screened with five excluded because they did not meet the inclusion criteria. After
screening, 310 subjects (620 eyes) were enrolled in the study, with 155 subjects per arm. Each subject had undergone
implantation of the same IOL, either Clareon or Eyhance, bilaterally. Patient demographics and baseline characteristics
were comparable between the two groups (Table 1).

The refractive outcomes are also summarized in Table 1. Mean MRSE was —0.25 + 0.49 in the Clareon group and —0.22 +
0.71 in the Eyhance group (p = 0.01). Mean postoperative residual astigmatism was 0.36 + 0.36 in the Eyhance group and 0.43
+ 0.44 in the Clareon group (p < 0.001). No subjects received a Clareon toric IOL, while 47.4% of eyes in the Eyhance group
received a toric IOL. This was because the toric versions of the Clareon lens were not available at the time of implantation.

Binocular distance-corrected visual acuity at intermediate (DCIVA) and distance (CDVA) from both the Eyhance group (n =
155) and the Clareon group (n = 155) are summarized in Table 2. In the Clareon group, mean DCIVA was 0.24 + 0.11 (n =155),
which approximates a 2.5 letter (0.05 logMAR) difference from mean DCIVA in the Eyhance group (0.19 + 0.11 logMAR). The
95% confidence interval was 0.02 to 0.07, and non-inferiority was confirmed for the Clareon group compared to the Eyhance
group, based on a margin of 0.10 logMAR. Mean postoperative binocular CDVA was 0.01 + 0.02 logMAR for the Clareon group
and 0.02 + 0.03 logMAR for the Eyhance group. The 95% confidence interval was —0.01 to 0.00, and non-inferiority was
confirmed for the Clareon group compared to the Eyhance group, based on a margin of 0.10 logMAR. Figures 1 and 2 summarize
the cumulative DCIVA and CDVA respectively. In the Clareon group, 43% of subjects had DCIVA of 20/30 or better, compared to
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Table | Patient Demographics and Retrospective Pre and Post-Operative Data

Characteristic

Clareon Group (n = 155
Patients, 310 eyes)

Eyhance Group (n = 155
Patients, 310 eyes)

Age, y

69.26 + 6.61 (48, 86)

69.54 + 6.85 (51, 90)

Gender, n (%)

Female 100 (64.5) 85 (54.8)

Male 55 (35.5) 70 (45.2)
ACD (mm) 3.13 £ 0.39 (2.18, 4.40) 3.23 + 0.39 (2.06, 4.80)
AL (mm) 2381 + 1.07 (21.14, 28.63) | 2427 + |.41 (21.27, 28.97)

Pupil size (mm)

3.61 +0.88 (1.90, 7.20)

3.76 = 0.86 (2.00, 6.60)

K AST (D)

0.74 + 0.47 (0.00, 3.50)

1.15 + 0.76 (0.00, 4.08)

AVG K (D)

43.48 £ 1.49 (40.39, 47.51)

43.01 £ 1.85 (31.04, 47.27)

IOL power (D)

20.52 + 2.86 (8.0, 29.0)

19.77 + 401 (5.50, 32.0)

Target/Aim (D)

~0.29 + 0.32 (~2.50, 0.00)

~0.29 + 051 (~2.50, 0.00)

Toric IOL, n (%)

0 (0.00)

147 (47.42)

Postoperative Sphere (D)

~0.04 + 051 (-2.50, 1.75)

~0.04 + 0.73 (-2.50, 2.25)

PRA (D)

0.43 + 0.44 (0, 2.25)

0.36 + 0.36 (0, 2.00)

MRSE (D)

~0.25 + 0.49 (-2.88, 1.12)

~0.22 + 071 (-2.75, 1.75)

Notes: Data are presented as n (%) or mean * Standard Deviation (minimum, maximum).

Abbreviations: ACD, anterior chamber depth; AL, axial length; K AST, corneal astigmatism; AVG K, average
corneal power (average of K| and K2); MRSE, mean residual spherical equivalent; PRA, postoperative
residual astigmatism, IOL, intraocular lens.

Table 2 Postoperative Visual Acuities (Clareon n = 55 Subjects; Eyhance n = |55

Subjects)

Binocular Group | Mean % SD (Minimum, 95% CI for P-value

Visual Maximum) logMAR Difference in

Acuity Mean*

DCIVA Clareon | 0.24 + 0.11 (0.00, 0.60) 0.02 to 0.07 < 0.001
Eyhance | 0.19 = 0.11 (0.00, 0.48)

CDVA Clareon | 0.0l + 0.02 (0.00, 0.10) —0.01 to 0.00 > 0.05
Eyhance | 0.02 + 0.03 (0.00, 0.10)

Note: *Clareon — Eyhance.

Abbreviations: CDVA, corrected distance visual acuity; Cl, confidence interval; DCIVA, distance corrected
intermediate visual acuity; SD, standard deviation.

59% in the Eyhance group. All subjects in both groups reached a CDVA of 20/25 or better. Figure 3 summarizes the binocular
distance-corrected defocus curve for the Clareon group and the Eyhance group. The binocular distance-corrected defocus curves
yielded similar visual acuities (logMAR) between groups in the range from —3.00 D to +1.00 D defocus levels (p > 0.05).

As an exploratory endpoint, subjects had DCIVA and CDVA retested in the Clareon group with an added —0.25
D offset. With the offset, mean DCIVA was 0.20 = 0.10 logMAR for subjects, compared to 0.24 £ 0.11 logMAR for the
Clareon group with no offset (p < 0.001). With the offset, mean CDVA was 0.03 + 0.05 logMAR, compared to 0.01 +
0.02 logMAR for the Clareon group with no offset (p < 0.001).
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Discussion

Monofocal lenses remain the most common type of IOL to be implanted during cataract surgery, but there are rising
expectations from both patients and surgeons to expand the range of spectacle-independent vision postoperatively. Given
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the ubiquitous usage of handheld digital devices, intermediate vision has become more important over the last decade which
has driven the demand for functional intermediate vision." It should be noted that some intermediate vision is not a new
feature of monofocal IOL technology. Previous studies showed that spherical or aspherical neutral IOLs provided more depth
of focus than aspherical IOLs due to higher residual spherical aberration, and corneal aberration profile was a key parameter
affecting the likelihood of attaining an extended depth of focus.”® In the Vivity FDA registration study, the comparator group
was 111 patients with bilateral implantation of the AcrySof IQ SN60WF aspheric monofocal IOLs, and patients were found to
have binocular mean distance corrected intermediate visual acuity of logMAR 0.196.'* Considering the similar optical design
of SN6OWF and the Clareon monofocal IOL, the AcrySof IQ-defocus curve data in the Vivity FDA registration study may
support that the Clareon monofocal lens can provide some improvement in intermediate visual acuity while maintaining

excellent distance visual acuity. Indeed, a recent study by Blehm and Hall'®

reported some intermediate visual acuity with the
Clareon monofocal IOL. In contrast, the Eyhance monofocal IOL specifically aims to extend the range of acceptable
intermediate vision by modifying the anterior surface of its monofocal analog IOL (ZCB00).° However, it is important to
distinguish between the clinically validated functions of an IOL (or any medical device) and any additional design goals,
commonly referred to as “designed to” or “aims to”. While these phrases may imply clinical value, they require cautious
interpretation as they are not necessarily synonymous with empirically proven patient benefits. As such, IOLs may be
engineered with the aim of offering extra advantages, such as expanding visual range; however, these aspirations attain
substantiated status only when verified by clinical research. Caution is warranted when no significant drawbacks are apparent,
given that the law of conservation of energy dictates that manipulation of light in one aspect will inevitably affect it in another.
Importantly, if these design goals receive validation from adequately powered clinical studies, manufacturers would transition
from promoting what a device is “designed to” clinically achieve to asserting that it ‘does’ or “has been shown to” fulfill those
objectives. Fernandez et al'® recently conducted a literature review and concluded that Eyhance IOL does not meet the ANSI
criteria for an EDOF. While the Eyhance IOL is categorized as a monofocal lens, the base cost of the IOL at the time of
submission is approximately $50 more than that of the base ZCB00 IOL. There is no accompanying FDA trial to demonstrate
a clinically significant increase in intermediate-range vision compared to a more economical monofocal IOL. The question
remains whether the Eyhance IOL provides clinical benefits worth the higher healthcare costs compared to other available
monofocal IOLs.

This is the first report of the intermediate visual outcomes of the Clareon and Eyhance monofocal IOLs in a head-to-head
comparison and includes a large sample size (n=310). Non-inferiority of the Clareon monofocal IOL, relative to the Eyhance
monofocal IOL was demonstrated for DCIVA, as the Clareon Group was within the logMAR 0.1 non-inferiority margin.
Blehm and Hall' reported a mean DCIVA for the Clareon monofocal IOL of 0.23 logMAR, which was similar to that reported
in this study (0.24 logMAR). Previous reports of DCIVA with the Eyhance have been in the range of 0.01 to 0.20
logMAR,'*'*2% which is also similar to that reported in our study (0.19 logMAR). Mean CDVA were similar for the
Clareon monofocal IOL and the Eyhance monofocal IOL. However, we would expect there to be minimal differences in
CDVA for 2 monofocal IOLs. Mean CDVA for each group in our study were similar to previous reports.'>'**° Cinar et al*'
compared the Eyhance to the SN6OWF IOL and reported that Eyhance had superior monocular intermediate vision and non-
inferior distance and near vision compared to the SN6OWF. However, the study by Cinar et al*' reported monocular outcomes
(compared to binocular in our study) and had a much lower sample size (65 eyes in 65 patients per group versus 310 eyes in
155 patients per group).

We wanted to explore how shifting the correction of the Clareon monofocal group by —0.25 D would affect DCIVA
and CDVA as an exploratory endpoint. There was an approximate mean letter gain of 2 in DCIVA, with a corresponding
1 letter loss in CDVA for the Clareon group with this offset, compared to no offset. This could suggest there is some
benefit to targeting slight myopia, but further studies are needed.

Subjects who were enrolled in this study were those that had previous bilateral implantation with the Clareon or
Eyhance IOLs. This was a limitation of this study, since the available patient population included subjects that were not
targeted for plano (eg, mini-monovision and monovision patients). However, measuring visual acuities with distance
correction allowed for a head-to-head comparison without residual postoperative refractive error as a confounding factor.
Another limitation of this study was that both the toric and non-toric versions of the Eyhance IOL were included, while
only the non-toric Clareon IOL was included. This was because the toric version of Clareon was not yet available at the
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time of implantation. Ideally, we would have been able to include Clareon toric IOLs, however, refractive correction
eliminates the impact of other variables, including residual postoperative refractive error.

In conclusion, the results of this study showed that bilateral implantation of Clareon monofocal IOLs and Eyhance
monofocal IOLs lead to similar visual outcomes. Both monofocal IOLs may provide a similar potential to improve vision
at the intermediate range.
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