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Purpose: To evaluate the reproducibility of magnitude of postoperative IOL rotation following implantation of a toric intraocular lens
(IOL) with modified haptics, in comparison with a Proof-of-Concept (POC) study of prototype IOLs featuring the same haptic design.
Patients and Methods: A post-market, prospective, multicenter, single-arm, open-label clinical study was conducted. TECNIS
Toric II IOL (Johnson & Johnson Vision, Irvine, CA, USA, Models ZCU150 to 600) were implanted in 125 subjects and evaluated at
1-day and 1-week postoperatively. An objective photographic method was used to determine postoperative IOL rotation. Uncorrected
distance visual acuity (UCDVA), postoperative astigmatism, and surgeon satisfaction were also assessed. Rotation data were
compared to the POC study in which two prototype non-toric monofocal IOLs, one with the same haptic design as Model ZCU,
were studied.

Results: Mean absolute rotation was 0.82° £ 1.0° and 0.84° + 0.92°at 1-day and 1-week visits, respectively. The percentage of eyes
with <5° of absolute rotation was 98.9% and 99.5% at the 1-day and 1-week visits, respectively. The magnitude of rotation was similar
to the POC study prototype IOLs. At 1-week, mean monocular UCDVA was 0.026 + 0.135 (~20/21) logMAR and mean residual
manifest refractive cylinder was 0.30 D + 0.35 D. The mean signed axis difference (postoperative minus operative) of the TECNIS
Toric II IOL was 0.23° + 1.27° at 1-day and —0.07° + 1.25° at 1-week, indicating a clockwise drift. At 1-week, surgeons were very
satisfied or satisfied with overall clinical outcomes and rotational stability in 98% of implanted eyes.

Conclusion: The TECNIS Toric II IOL, with frosted, squared haptics, demonstrated low magnitude of postoperative IOL rotation,
excellent uncorrected distance vision, and minimal residual astigmatism. The POC study design was supported, demonstrating that
prototype non-toric monofocal IOLs can predict clinical performance of toric IOLs with the same haptic design.
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Introduction
Approximately one-third of patients presenting for cataract surgery have at least one diopter (D) of corneal astigmatism
and could therefore benefit from toric intraocular lenses (IOLs)." Toric IOLs provide advantages to patients with corneal
toricity compared to non-toric monofocal IOLs. These include reduced amounts of residual astigmatism following
surgery, greater spectacle independence, and better uncorrected distance visual acuity (UCDVA).? However, the impor-
tance of rotational stability of toric IOLs cannot be overstated, as postoperative alignment and stability of toric IOLs is
critical for achieving optimal visual outcomes. Using a simple optical model, it has been shown that every 1 degree of
toric IOL rotation results in a 3.3% reduction in astigmatic correction.’

Toric IOLs show the greatest amount of rotation within the first day following surgery, with little rotation observed
from one day to one week and thereafter.* ® Toric IOL rotation of >5 degrees (°) is considered to be clinically relevant,
and rotation of >10° typically indicates the need for surgical intervention to reposition the toric IOL.’
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Postoperative counterclockwise rotation of >5° has been reported in clinical studies evaluating the rotation of the
TECNIS® Toric 1-Piece (Johnson & Johnson Vision, Irvine, CA, USA) monofocal IOL.**° In contrast, two additional
1911 and another study
showed a similar distribution of clockwise and counterclockwise rotation 3 months after surgery in subjects with long

studies reported that clockwise rotation was observed in the majority of subjects after surgery

axial lengths.'? In a retrospective, multicenter case series in Japan, the incidence of repositioning surgery of the
TECNIS® Toric 1-Piece was 1.8% (62/3451)."

To address this issue of postoperative rotation, two prototype non-toric monofocal IOLs with fiducial axis marks and
frosted haptics were developed and evaluated for their postoperative IOL rotation compared to a control IOL without
frosted haptics (TECNIS® 1-piece monofocal IOL with fiducial axis marks).14 In this proof-of-concept (POC) study,
mean =+ standard deviation (SD) absolute IOL rotation was found to be significantly lower at the 1 week visit with both
Prototypes (Prototype 1: 0.88° £ 0.94° and Prototype 2: 0.71° + 0.69°), compared to the control (2.24° + 3.21°). In
addition, both Prototypes showed <5° absolute rotation for all eyes at the 1 week visit, and no cases of >10° rotation at
any time through 6 months postoperatively.'* Because the overall geometry of Prototype 2 was the same as the TECNIS®
toric IOL (Model ZCT), that design was selected for commercialization under the brand name TECNIS Toric II 1-Piece
IOL (Model ZCU)."

The TECNIS Toric II 1-Piece IOL (Model ZCU, Johnson & Johnson Vision, Irvine, CA, USA) is an ultraviolet light-
absorbing, squared and frosted haptic (Figure 1) posterior chamber IOL that compensates for corneal spherical aberra-
tions and corneal astigmatism.'” It was designed to deliver improved rotational outcomes within the first week following
implantation. The purpose of this study was to evaluate the reproducibility of postoperative IOL rotation of the TECNIS
Toric I (Model ZCU) IOL compared to the prototype non-toric monofocal IOL with fiducial axis marks (Prototype 2),
reported previously by Vukich et al.'* In addition, visual performance, residual astigmatism, and surgeon satisfaction
with the TECNIS Toric II (Model ZCU) IOL were assessed. Insights into the appropriateness of comparing rotational
stability results between subjects of different races and ethnicities were also gained.

Subjects and Methods

Study Design

A post-market, prospective, multicenter, single-arm, open-label clinical study (clinicaltrials.gov NCT04327518) was con-
ducted at seven sites across the United States (US). The clinical study was reviewed and approved by Salus Institutional
Review Board and Office of the Human Research Protection Program (OHRPP, University of California, Los Angeles).

A total of 133 subjects were enrolled to achieve at least 200 evaluable eyes at the 1-week visit. Subjects were implanted with
the commercially available TECNIS Toric II IOL (Model ZCU 1.50 diopter [D] to 6.00 D, see Table 1) in at least one eye and

Figure | High magnification photograph of the squared and frosted haptic, a design feature of both the TECNIS Toric Il and Prototype 2 |OLs.
Abbreviation: IOL, intraocular lens.
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Table | TECNIS® Toric Il Models ZCU, IOL Astigmatism Correction Range

Cylinder Powers (D)

IOL Model ZCUI50 | ZCU225 | ZCU300 | ZCU375 | ZCU450 | ZCU525 | ZCU600
IOL Plane (Labeled) 1.50 2.25 3.00 3.75 4.50 5.25 6.00
Corneal Plane* 1.03 1.54 2.06 2,57 3.08 3.60 4.11

Notes: *The corresponding cylinder values at the corneal plane have been calculated based on the average pseudophakic eye.
Abbreviations: D, diopters; IOL, intraocular lens.

followed for 3 months. All subjects had a minimum of five scheduled study visits: preoperative examination of both eyes, then
operative visit, 1-day, 1-week, and 3-month visits for each eye implanted. In subjects eligible for bilateral toric implantation,
the second eye was implanted within one-month of the first eye surgery. Data from the 1-day and 1-week visits are presented in
this manuscript. The long-term rotation data from the 3-month visits will be reported in a separate publication. The study was
conducted in accordance with the Declaration of Helsinki and all subjects provided written informed consent. Local
institutional review board approval was obtained.

Rotation data from this study were compared with the POC data reported previously by Vukich et al, for a prototype
non-toric monofocal IOL with fiducial axis marks (Prototype 2) with the same haptic design (Figure 1).'* In brief, that
study was a prospective, randomized, multicenter paired-eye study using a similar study protocol and the same objective
photographic method for measuring IOL rotation. A total of 99 eyes were implanted with the Prototype 2 IOL at one
study site in Asia Pacific and two study sites in Latin America.'*

Inclusion and Exclusion Criteria

Key inclusion criteria for participation in the study were age 22 years or older; scheduled to undergo unilateral or
bilateral cataract extraction and posterior chamber IOL implantation; pre-existing corneal astigmatism of 1.00 D or
greater; predicted toric IOL calculator residual refractive cylinder (considering surgically induced astigmatism and
posterior corneal astigmatism) less than <0.50 D; potential candidate for achieving postoperative best-corrected distance
visual acuity of 20/30 Snellen or better; clear intraocular media (other than cataract) in each eye; and available and
willing to comply with the study procedures and provide signed informed consent and health insurance portability and
accountability act (HIPAA) authorization.

Key exclusion criteria for the study were irregular corneal astigmatism; any corneal pathology/abnormality other than
regular corneal astigmatism or corneal instability due to contact lens wear; previous corneal or intraocular surgery; any
pupil abnormalities; dilated pupil size of less than 6.0 mm; recurrent severe anterior or posterior segment inflammation or
uveitis; conditions associated with increased risk of zonular rupture; known ocular or systemic disease that may affect
visual acuity or require surgical intervention during the study; use of systemic or ocular medications that may affect
vision; pregnancy or plans to become pregnant; participation in any other clinical study within 30 days; and planned
monovision correction (eye designated for near correction).

IOL Power and Targeted Refraction
In both studies, keratometry, axial length and anterior chamber depth (ACD) were measured to determine the appropriate
lens power for implantation. Optical biometry methods (ie, IOLMaster™ (Carl Zeiss Meditec AG, Germany) or
LENSTAR® (Haag-Streit, USA)) were preferred; however, surgeons were allowed to use their preferred method for
biometry. Surgeons used their personalized A-Constant or 119.3 for the TECNIS IOLs. The spherical equivalent lens
power was calculated to achieve emmetropia (= 0.50 D) at distance for all study eyes. Intentional overcorrection or
under-correction (ie, outside = 0.50 D) was not allowed.

In the post-market study, in order to facilitate IOL selection, surgeons used the web-based TECNIS Toric calculator
(www.TecnisToricCalc.com) or their preferred Toric Calculator for determination of lens axis placement. Preoperative

keratometry, biometry data including axial length, incision location, spherical equivalent IOL power, and the surgeon’s
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estimated surgically induced corneal astigmatism were used as inputs for the Toric Calculator. These inputs were used to
determine the axis of placement in the eye and the predicted residual refractive astigmatism.

Surgical Technique

Surgeons performed standardized, small-incision cataract surgery and implanted the study lenses in the capsular bag
using a Johnson & Johnson Surgical Vision validated insertion system qualified for use with TECNIS Toric II lenses as
specified in the Directions for Use.'

The TECNIS Toric II IOLs have two sets of four axis orientation marks 180° apart in the outer periphery of the
anterior optic surface, to indicate the meridian of the lowest power (flat meridian). These axis orientation marks allow
precise alignment of the flat meridian of the IOL with the steep meridian of the cornea. Surgeons were allowed to use
their routine, preferred technique for IOL axis marking preoperatively for evaluation of the toric IOL alignment between
the intended orientation and the actual IOL orientation during the surgery. However, surgeons were not allowed to
perform additional refractive procedures during the operative procedure or throughout the postoperative study period (eg,
LRI, PRK, LASIK or LASEK).

Study Endpoints

Lens Rotation

An objective photographic method, as detailed in two prior publications, was used to determine postoperative IOL
rotation."*'® Photographs were registered by matching scleral vessel and iris landmarks and lens rotation was evaluated
by measuring IOL rotation, which was defined as the difference between IOL orientation at the end of the surgery and at
the 1-day and 1-week postoperative visits. This was performed by two independent, masked analysts using the custom
image analysis software described in an earlier publication.'® In cases of poor agreement between analysts (>3°
difference in signed rotation value), both analysts repeated the analysis. Eyes were excluded (from photo analysis
only) if agreement to within 3° could not be achieved following a second round of analysis.

Postoperative rotational stability was assessed by calculating the mean absolute rotation and percentage of implanted
eyes with <5° absolute rotation for both the 1-day and 1-week time points. Mean signed lens rotation from operative was
also calculated at 1-day and 1-week time points, with negative values indicating clockwise rotation. These methods for
summarizing rotational data were identical to the previous POC study evaluating the non-toric prototype monofocal
IoL."*

Visual Acuity and Refraction

Monocular UCDVA was measured at the 1-day and 1-week postoperative visits using the Early Treatment Diabetic
Retinopathy Study (ETDRS) chart at 4.0 meters (13 feet), under photopic (85-110 cd/m?) conditions. At the 1-week
postoperative visit, manifest refractions were conducted at 4.0 meters, under the same photopic conditions, and
monocular best corrected distance visual acuity (BCDVA) was also measured. Residual mean manifest cylinder was
also calculated for all eyes at 1-week.

Surgeon Satisfaction Questionnaire

A 3-item questionnaire assessing subjective surgeon satisfaction with overall clinical outcomes, rotational stability, and
UCDVA for each implanted eye was self-administered at 1-week. A 5-point scale was utilized for each question (1 = very
dissatisfied, 2 = dissatisfied, 3 = undecided, 4 = satisfied and 5 = very satisfied).

Other Observations
Slit lamp biomicroscopy was performed at each postoperative visit to determine the presence or absence of any medical
or lens findings, complications, or adverse events.

The current study was conducted in the US, whereas the POC study was conducted in Asia Pacific and Latin America.
Therefore, lens rotation findings between subjects of different races and ethnicities, from the current and previous studies,
were compared to determine if postoperative lens rotation results are generalizable across populations that vary
demographically.

3216 s Clinical Ophthalmology 2022:16
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Statistical Analysis

Data from previous toric IOL studies were utilized to calculate the study sample size. With a sample size of 200 eyes, it
was determined that the two-sided 95% confidence interval for the proportion of eyes within 5° of absolute rotation at
1-week would be within 3.0% of the observed proportion, assuming an expected proportion of 95% or higher.

IOL rotation of the TECNIS® Toric II IOL was analyzed by sub-model using general linear regression, with rotation
as the outcome variable and lens model as the dependent variable. For monocular endpoints, including IOL rotation, all
eyes implanted with the TECNIS® Toric II IOL were pooled for analyses, including both eyes from bilaterally implanted
subjects and one eye from unilaterally implanted subjects. Only available data were used for analysis (ie, no data
imputation was conducted for missing data).

For visual acuity, the values were converted to logMAR prior to analysis. Mean absolute rotation, axis misalignment,
visual acuity and refractive data were analyzed for all visits using descriptive statistics, including the mean, SD, median,
minimum and maximum, and 95% confidence interval. Linear regression was used to investigate potential correlation
between axial length and absolute lens rotation. For visual acuity, the frequency and proportion of eyes achieving each
acuity line was also calculated.

For questionnaire data, the frequency and proportion of each rating for each individual question were calculated. In
addition, the frequency and proportion of eyes with medical findings, lens findings, complications and adverse events
were calculated.

Results

This study was conducted from 11th June 2020 to 1st June 2021. A total of 133 subjects were enrolled and 125 subjects
were treated/implanted. A total of 202 eyes were implanted with the TECNIS Toric II IOL in at least one eye: 80 subjects
were treated bilaterally (77 subjects with study lens in both eyes, three subjects with non-study lens in the first eye and
the study lens in second eye) and 45 subjects were treated unilaterally. For postoperative analysis, 6 eyes were excluded
due to poor quality operative photos. For the 1-day visit, 5 eyes were excluded due to analyst disagreement. At the
1-week visit, 3 eyes were excluded due to analyst disagreement.

Subject demographics for both studies are provided in Table 2. The mean + standard deviation age of the subjects
implanted with the TECNIS Toric I IOL was 68.4 + 8.3 years. In the US study, 42.4% were males and 57.6% were
females, and most subjects were Caucasian and non-Hispanic/Latino in ethnicity. In comparison, the subject population
from the POC study was similar in age (67.3 + 8.7 years), but most subjects were either Asian (43.9%) or Hispanic/
Latino (57.1%). There was also a greater proportion of female (69.4%) than male (30.6%) participants. Mean axial length
was approximately 1.2 mm greater in this study compared to the Prototype 2 non-toric monofocal IOL study.

Mean Absolute IOL Rotation

Summary statistics for mean absolute IOL rotation at each postoperative time point are presented in Table 3. There were no
significant differences in mean absolute IOL rotation of the TECNIS Toric II IOL by model at the 1-day (p = 0.491) and
1-week (p = 0.105) visits, therefore all data were pooled for further analysis. At the 1-day and 1-week visits, mean absolute
IOL rotation of the TECNIS Toric II IOL was 0.82° + 1.0° and 0.84° + 0.92°, respectively. These data were comparable to the
mean absolute IOL rotation of the Prototype version 2 non-toric monofocal IOL from the previous POC study, which was
0.73° £ 0.75° at 1-day and 0.71° + 0.69° at 1-week.'* Boxplots of absolute lens rotation from operative to postoperative 1 day
and 1 week visits are shown in Figure 2A and 2B, respectively. For both studies, there was no clinically significant change in
mean absolute rotation between 1-day and 1-week postoperative. There was also no apparent difference in mean absolute
rotation between IOL designs or between subjects of different race or ethnicity.

Frequency of IOL Rotation

For the TECNIS Toric II IOL, the percentage of eyes with <5° of rotation from the intended IOL axis of orientation at the
1-day and 1-week visits was 98.9% (187/189) and 99.5% (188/189), respectively (Table 3). There were zero eyes
showing >10° of IOL rotation. For the Prototype 2 non-toric monofocal IOL from the earlier POC study, 100% of eyes
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Table 2 Participant Demographics at Baseline

TECNIS Toric Il (Model Prototype 2 (Model
ZCU) MER004)'*
N =125 N =98
Age, years Mean (SD) 68.4 (8.3) 67.3 (8.7)
Range 31 to 88 43 to 88
Age group, years | <60 17 (13.6) 15 (15.2)
n (%)
60-69 47 (37.6) 43 (43.9)
70-79 53 (42.4) 35 (35.7)
280 8 (6.4) 5(5.1)
Sex, n (%) Male 53 (42.4) 30 (30.6)
Female 72 (57.6) 68 (69.4)
Race, n (%) American Indian/Alaska 0 0
Native
Asian (including Indian) 2 (1.6) 43 (43.9)
Black 9(7.2) 3 3.1
Native Hawaiian/Pacific 0 0
Islander
Caucasian 112 (89.6) I (1.0)
Other 2 (1.6) 51 (52.0)
Ethnicity, n (%) Hispanic/Latino 7 (5.6) 56 (57.1)
Not Hispanic/Latino 118 (94.4) 42 (42.9)
Iris color, n (%) Blue/Gray 46 (36.8) I (1.0)
Brown/Black 49 (39.2) 97 (99.0)
Green/Hazel 30 (24) 0
Axial length, mm Mean 24.49 23.33
SD 3.23 0.92
Median 24.32 23.21
Min 20.67 21.75
Max 29.52 25.93

Abbreviations: Min, minimum; Max, maximum.

showed <5° of IOL rotation at the 1-day and 1-week postoperative visits.'* The distribution of IOL rotation by degrees is
shown in Figures 3A and 3B for the 1-day and 1-week postoperative visits, respectively.

Direction of IOL Rotation

For both the TECNIS Toric II IOL and the Prototype 2 non-toric monofocal IOL with fiducial axis marks, analysis of the
mean signed lens orientation showed a small negative change in orientation over time, indicating a clockwise drift. The
mean signed rotation (postoperative minus operative) of the TECNIS Toric IT IOL was 0.23° £ 1.27° at 1-day (P = 0.015)

3218
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Table 3 Mean Absolute Lens Rotation (°, Degrees) at the Postoperative |-Day and |-Week Visits

Postoperative Time Point | IOL N Mean Degrees | SD Median | Min Max <5° (%) | <10° (%)

|-Day TECNIS Toric |l 189 | 0.823 0.996 | 0.567 0.007 | 8.323 | 989 100
Prototype version 2 | 89 0.727 0.753 | 0.448 0.001 | 3.298 | 100 100

1-Week TECNIS Toric |l 191 | 0.847 0.921 | 0.590 0.004 | 7.628 | 99.5 100
Prototype version 2 | 91 0.713 0.690 | 0.460 0.006 | 2.742 | 100 100

Abbreviations: |OL, intraocular lens;

Min, minimum; Max, maximum.

and —0.07° + 1.25° at 1-week (P = 0.442). The mean signed rotation of the Prototype version 2 was not significantly

different from zero at 1-day postoperative (0.07° £+ 1.05°); however, was significantly lower than zero at 1-week
postoperative (—0.23° + 0.97°, 1-sample t-test, P = 0.03)."* As the magnitude of the mean signed rotation was small

(less than 1°) for both lens types, these changes were not considered to be clinically meaningful.

IOL Rotation and Axial Length

A scatterplot of absolute IOL rotation with the TECNIS Toric II IOL versus axial length at postoperative 1-week is shown in
Figure 4. Linear regression analysis showed no correlation between IOL rotation and axial length (R* = 0.003, P = 0.42).
Similar results were previously reported for the Prototype 2 non-toric monofocal IOL at 1-week (R*=0.002; P=0.67)."
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Visual Acuity and Refraction

At the 1-day visit, mean monocular UCDVA with the TECNIS Toric II IOL was 0.09 + 0.22 logMAR (~20/24). At the
1-week visit, mean monocular UCDVA and BCDVA were 0.03 + 0.14 (~20/21) and —0.06 £ 0.10 (~20/17) logMAR for
all study eyes, respectively. Frequencies of UCDVA and BCDVA at the 1-week visit are shown in Figure 5.

At the 1-week visit, the mean residual manifest refractive cylinder for all eyes was 0.30 D + 0.35 D and the
mean manifest refractive spherical equivalent for all eyes was 0.24 D + 0.44 D. The mean difference between the
manifest spherical equivalent at the 1-week postoperative visit and target spherical equivalent for all eyes was 0.04
D + 0.43 D. The percentage of implanted eyes within 0.50 D and 1.00 D of intended cylinder were 84.0% and
98.5%, respectively.

Surgeon Satisfaction Questionnaire

At the 1-week visit, surgeons were very satisfied or satisfied with the overall clinical outcomes and rotational stability of
the TECNIS Toric II IOL in 98.0% of all eyes. High rates of satisfaction were also recorded for UCDVA, with surgeons
indicating they were very satisfied or satisfied with the UCDVA achieved following surgery in 97.5% of cases.

3220 e Clinical Ophthalmology 2022:16

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Quesada et al

8_

S 7

()

=

e %

[}

=

5 5 :

o}

S

e 4 ,

o

s 3 oL

5 ' R

e 2 oo e . #

[0) . ¢ . . .

§ . ° ....'.. ° . L]

> SN T

2 . . . f.. '. .u‘ ..:.. ':‘:'...:;. o .. o .

& . ] . :\..'.'. .:. o:. . L]

0 o oo 020 ® & 00 00 o’ ° e o ) |
20 22 24 26 28 30

Axial Length (mm)

Figure 4 Scatterplot of absolute IOL rotation by degree (°) at postoperative |-week versus axial length (millimeters, mm) for the TECNIS Toric Il IOL.
Abbreviation: IOL, intraocular lens.

mUCDVA mBCDVA

96.5 99 97.5 100
100 90 93

90
80
70
60
50
40
30
20
10

Percent Subjects

20/16 20/20 20/25 20/32 20/40
or Better or Better or Better or Better or Better

Visual Acuity
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Abbreviations: UCDVA, uncorrected distance visual acuity; BCDVA, best corrected distance visual acuity, IOL, intraocular lens.

Serious and Device-Related Adverse Events
Two subjects experienced non-ocular serious adverse events in this study, for which hospitalization was required. Both
were categorized as non-device related and resolved without sequelae. There were no instances of IOL repositioning and/

or IOL exchange due to IOL misalignment.
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Discussion

The TECNIS Toric II IOL (Model ZCU) demonstrated minimal postoperative rotation following implantation, which was
reproducible between studies over the full dioptric power range. Mean absolute lens rotation was less than 1° at both the
1-day and 1-week visits, which was less than previously reported for the TECNIS Toric IOL (1° to 8.38°),%%-10:1217-19
confirming that the squared and frosted haptic design improved rotational stability. These data compared favorably with
absolute rotation reported for other toric IOL models, including with the AcrySof Toric IOL (Alcon Laboratories, Inc.,
Fort Worth, TX, USA) (1.5° to 8.0°),>%182924 the enVista Toric IOL (Bausch+Lomb, Inc. Rochester, NY, USA) (1.11°
to 3.85°),>2% and the HOYA XY-1 (HOYA, Tokyo, Japan) (5.43°)."®

The squared and frosted haptic design of the TECNIS Toric II IOL reduces IOL rotation by increasing the static
friction between the frosted haptic arms and the capsular bag.'**” The HOYA 355 toric IOL (HOYA, Tokyo, Japan) was
recently modified to the HOYA XY-1 toric IOL model, which included design changes such as introducing texture to the
haptic surface and increasing the overall length.'® Osawa et al reported significantly reduced axis misalignment at 1-day
with the HOYA XY-1 toric IOL (5.43° + 4.67°) compared to the HOYA 355 (8.78° + 6.54°). Presumably, the increased
friction from the textured haptic contributed to this reduction.'®

Only 1.1% of eyes at postoperative 1-day and 0.5% of eyes at postoperative 1-week showed >5° axis misalignment, with
no surgical issues or complications observed in these eyes. No subjects showed >10° misalignment. These results were
consistent with those for the Prototype 2 IOL with the same haptic design evaluated in the earlier POC study.'* Takaku et al
reported that frequency of axis misalignment >10° was significantly reduced with the TECNIS Toric II IOL (1/61 eyes)
compared to the TECNIS toric IOL (11/70 eyes) 3 months after surgery.?” The single eye with rotation >10° reported by
Takaku et al may have been the result of using a test method with lower precision that the method used in this study. In
comparison to the rotation data presented for the TECNIS Toric I IOL, Zhang et al reported that 31.7% and 5% of subjects
implanted with the AcrySof Toric IOL showed >5° and >10° axis misalignment, respectively, at 1 week after surgery.*

For both the TECNIS Toric II IOL and the Prototype 2 non-toric monofocal IOL, analysis of the mean signed lens
orientation showed a small negative change in orientation over time, indicating a clockwise drift (—0.07° with TECNIS
Toric IT IOL and —0.23° with Prototype 2 non-toric monofocal IOL at the 1-week visit). These findings were opposite to
previous reports of counterclockwise rotation®™*~* but consistent with two studies reporting clockwise rotation.'%!!
However, given the small magnitude of mean clockwise rotation observed, these results were not considered to be clinically
meaningful.

In the POC study of Prototype 2, Vukich et al reported no significant association between IOL rotation and axial
length.'* This post-market study included subjects with longer axial lengths (range 20.67 to 29.52 mm, compared to
a 21.75 to 25.93 with Prototype 2) and a similar outcome was observed. Shah et al previously reported significantly
greater toric IOL rotation of the AcrySof Toric IOL with longer axial lengths, in subjects with a similar range of axial
lengths (19.5 to 29.0 mm) to this study.?® Stability of the TECNIS Toric II IOL does not appear to be impacted by axial
length.

Low residual refractive astigmatism (0.30 D + 0.35 D at 1-week), excellent UCDVA (monocular 0.03 + 0.14 [~20/21]
and binocular —0.06 + 0.10 [~20/17] logMAR) and very high rates of surgeon satisfaction were achieved with the
TECNIS Toric II IOL, demonstrating the benefits of this toric lens design. Takaku et al also showed that the TECNIS
Toric I IOL significantly reduced axis misalignment and residual manifest astigmatism, and improved UCDVA,
compared to the TECNIS Toric 1-piece monofocal IOL.*’

The POC study conducted with the prototype non-toric monofocal IOL'* was able to predict the clinical performance
of the toric IOL in this study, as supported by both the rotation and visual acuity data. Both IOLs featured the same haptic
design and overall geometry; the only difference was that the prototype design from the POC study had a non-toric
monofocal optic (ie, provided defocus correction only). In terms of clinical development of toric IOLs, utilizing POC
studies on IOLs with non-toric optics has the advantage of allowing evaluation of several prototype designs in a timely
manner.

In the POC study, which was conducted in Asia Pacific and Latin America, the majority of subjects were Asian
(43.9%) or Hispanic/Latino (57.1%). The current post-market study was conducted in the US, with almost all subjects
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being Caucasian (89.6%). To date, there have been no published studies evaluating the effect of race or ethnicity on
rotational stability of toric IOLs. However, the consistency of the rotational stability results between the POC and post-
market study suggest that race/ethnicity do not impact rotation for this model IOL and results from different races/
ethnicities and regions around the world are generalizable across populations.

Conclusions

In the previous POC study, the Prototype 2 non-toric monofocal IOL with modified haptics demonstrated excellent
rotational outcomes and was selected for commercialization as the TECNIS® Toric II IOL. In this post-market study, the
TECNIS Toric II IOL (Model ZCU) demonstrated consistent and reproducible rotational outcomes over the full dioptric
power range. Excellent visual acuity, minimal residual astigmatism and high surgeon satisfaction were achieved. The
POC study design was supported, demonstrating that prototype non-toric monofocal IOLs can predict clinical perfor-
mance of toric IOLs with the same haptic design, accelerating clinical development of toric IOLs.
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