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Cynomolgus macaques are an important and commonly used species in preclinical toxicology studies, but structural reports
of in vivo retinal findings are rare in this species. The purpose of this study was to diminish this gap and document optical
coherence tomography and scanning laser ophthalmoscopy imaging data in the healthy posterior pole of cynomolgus monkeys’
eyes at predose examinations. The current study is a retrospective assessment of baseline spectral domain OCT data obtained
from the 768 eyes of 384 cynomolgus monkeys (192 males and 192 females) of Mauritian origin. The data set was obtained
from studies conducted over a 4-y period in the context of ocular safety evaluations of various compounds under preclinical
development. The most prevalent findings were the presence of Bergmeister papilla and intravitreal hyperreflective spots.
Less common findings included disorganization of retinal zones, abnormalities of the retinal vasculature, partial posterior
vitreous detachment, and abnormally shaped foveal pits. Thoughtful consideration of these physiologic findings will aid in
distinguishing normal features from toxic outcomes in future preclinical ophthalmic studies.
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tomography; SLO, scanning laser ophthalmoscopy
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Optical coherence tomography (OCT) has proven to be an
extremely valuable diagnostic tool in ophthalmology and has
become one of the most frequently used imaging modalities in
humans.® OCT is a noninvasive imaging technique that pro-
vides high-resolution images of various ocular structures in
vivo. In contrast to all other fundus-imaging techniques used,
OCT enables for high spatial-resolution image display.” In
recent years, the technique has gained increasing importance
in preclinical toxicity studies as it provides a real-time cross-
sectional image of ocular structures, most commonly used for
imaging of the retina® and the optic nerve. Differentiation of
individual retinal layers over time facilitates quantitative and
repeated noninvasive evaluation during the study time course.
Two main variations of OCT have been developed: spectral-
domain OCT (SD-OCT) and swept-source OCT. The difference
in these 2 modalities lies in the mechanism used to measure
interference corresponding to different frequencies. SD-OCT is
most commonly used in current preclinical settings.
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Cynomolgus macaques are a nonrodent species frequently
used in toxicology studies for the safety assessment of phar-
maceuticals. Given the similarities in ocular anatomy and
physiology between these animals and humans,! an appropri-
ate alternative species may not be available for this purpose.
OCT examination of cynomolgus macaques is currently com-
monly used in preclinical toxicology studies and the technique
has an important translational contribution, given its routine
use in clinical settings.”* However, no clear standards regard-
ing the imaging technique, nomenclature, or interpretation
exist in the preclinical setting, causing a substantial variability
when comparing assessments by different testing facilities. In
addition, interpretation of OCT scans from studies can be con-
strained by considerable variability among different animals*
as well as group size limitations due to animal welfare consid-
erations, logistical feasibility, and expense. Because OCT has
been available for a relatively brief time compared with other
ophthalmic examination techniques, historical control data are
sparse to nonexistent, thus further complicating the interpreta-
tion of changes in light of the small sample size in any single
study. In addition, marked differences in the description of
findings from reviewers in different testing facilities regarding
nomenclature and recording threshold for individual findings
were considerable. This caveat holds especially true for subtle
changes or rather uncommon findings. Therefore, our current
study adds new evidence and characterizes the background
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retinal findings that can be observed on OCT in untreated cy-
nomolgus monkeys.

Materials and Methods

Animals and husbandry. The review and assessment of data
in this study were accomplished through retrospective analysis
of raw data from studies conducted in the routine support of
pharmaceutical product development. Therefore, no additional
animals were used to acquire these data. The study plan and
any amendments or procedures involving the care and use of
animals in these primary studies had been reviewed and ap-
proved by the IACUC of the respective institutions. During the
studies, the care and use of animals were conducted according
to the guidelines of the US National Research Council or the
Canadian Council on Animal Care.

The study population comprised 192 female and 192 male
cynomolgus macaques (Macaca fascicularis; age, 30 to 50 mo;
weight, 2.5 to 5.5 kg) of Mauritian background. The animals
were group-housed in stainless steel cages according to Eu-
ropean housing standards described in Annex III of Directive
2010/63/EU. The temperature of the animal room was kept
between 20 °C and 26 °C, with humidity between 30% and 70%
and a 12:12-h light:dark cycle. Animals were fed a standard diet
of pellets supplemented with fresh fruits and vegetables. Mu-
nicipal tap water treated by reverse osmosis and UV irradiation
was freely available to each animal via an automated watering
system. Psychologic and environmental enrichment was pro-
vided to animals except during study procedures and activities.

OCT imaging and evaluation. Scanning laser ophthalmoscopy
(SLO) was performed simultaneously with SD-OCT by using
the Spectralis HRA +OCT Heidelberg platform (Heidelberg En-
gineering, Heidelberg, Germany). For some animals, additional
red-free or autofluorescence fundus images were obtained de-
pending on the study protocol. The OCT volume scans were
performed through the dilated pupil (tropicamide) on cubes
with 25 to 31 raster lines, separated by 11 to 218 um, respec-
tively, depending on the study protocol. The high-resolution
scan setting was applied, and OCT images were averaged for 10
to 30 scans by using the automatic averaging and tracking fea-
ture. Additional single high-resolution B scans (each averaged
with 100 images) were obtained in some studies. Imaging of the
animals was performed under general anesthesia (ketamine, 10
mg/kg IM; dexmedetomidine, 25 pg/kg IM) to minimize stress
for the animals and ensure a stable eye position. Immediately
before the start of OCT imaging, a single dose of midazolam
(0.2 mg/kg IM) was administered to keep the eyes centrally
positioned.

For the conduct of this study, all original OCT scans were re-
quested and individually reviewed retrospectively. The manu-
facturer’s built-in measurement tool was used to measure the
size of selected structures. Image analysis was performed by 2
independent readers (ND, PWH). The Spectralis system mea-
sures a signal-to-noise ratio (SNR) in decibels. B-scans with an
SNR ratio lower than 25 dB were excluded from the analyse. In
addition, concurrent data of slit-lamp examination and indirect
ophthalmoscopy were available for review and comparison for
each animal.

Statistics. Incidence of findings was reported on an animal
level as well as on the level of examined eyes. Numbers were
given as either case counts or incidences (in percentage); 95% bi-
nomial confidence intervals (Clopper-Pearson method) around
the observed incidence rates are reported. For the comparison
of incidences in various subgroups, the odds ratio was evalu-
ated by using conditional likelihood estimation with confidence
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Figure 1. Scanning-laser ophthalmoscopy fundus image of a cyn-
omolgous monkey (left) and the corresponding OCT scan of a healthy
macula (right).

interval and P value calculated by the Fisher exact method. A P
value of < 0.05 was considered significant.

Results

This study examined 384 cynomolgus monkeys of Mauritian
origin (192 females and 192 males). They contributed 27,604
scans. Representative images of SLO and OCT scans are dis-
played in Figure 1, and findings are summarized in Table 1.

The most prevalent findings were the presence of elongated
remnants of the hyaloid artery (Bergmeister papilla) and in-
travitreal hyperreflective spots (HRS). Less common findings
included discontinuation or disorganization of retinal layers,
abnormalities of the retinal vasculature due to increased tortu-
osity of the retinal vessels, posterior vitreous detachment, and
unusually shaped foveal pits.

Bergmeister papilla. Posterior remnants of the hyaloid artery
(Bergmeister papilla) was the most common finding. This find-
ing occurred in 198 of the 464 eyes (42.7%) in scans that included
the optic disc (Figure 2), and 79% of the animals whose scans
included the optic disc showed this finding on at least one eye.
The adjacent posterior vitreous displayed a conical reflective
structure extending anteriorly from the nasal portion of the op-
tic disc (Figure 2). Males were affected in a significantly higher
proportion of cases (90.5%) than females (68.1%), with an odds
ratio of 4.4 (95% CI, 2.17 to 9.62; P = 0.00004). The finding was
bilateral in 14 of the animals (7%).

Intravitreal HRS. In 326 of 768 eyes (42.4%), SD-OCT revealed
distinct HRS in the vitreous (Figure 3). Most of these lesions
were round to oval in appearance; some displayed comma-
shaped tails or were tapered at one end. They ranged in size
from 15 ym to 150 um in diameter. Most HRS were intermedi-
ate in size, averaging 20 um to 30 pm in diameter. Given the
vast number of these dots and the number of scans examined,
only some representative HRS was measured; otherwise, the
assessment was solely semiquantitative and descriptive. Fe-
male macaques (1 = 98; 51.0%) were affected slightly more often
than males (1 = 76; 39.6%), corresponding to an odds ratio of 1.6
(95% CI, 1.06 to 2.39; P = 0.031). In the majority of cases (152 of
174 affected animals, 88%), HRS were found in both eyes; HRS
were unilateral in 14 female and 8 male macaques (12% overall).
To illustrate this strong correlation between eyes: in females,
finding HRS in the first eye examined increased the probability
of the second eye being affected from 7% to 92%, that is a fac-
tor of 13. In males, finding the first eye affected increased the
chance of the second eye showing HRS from 3.3% to 94%, that
is, by a factor of 28. In one female macaque, the right eye was

http://prime-pdf-watermark.prime-prod.pubfactory.com/ | 2025-02-25



Retinal findings in cynomolgus monkeys

Table 1. Retinal findings in cynomolgus macaques assessed by using scanning laser ophthalmoscopy and optical coherence tomography

Incidence (no. of animals/no. of eyes) Female Male

Bergmeister papilla 184/198 (but scans of only 79 (but scans from 105 (but scans from Figure 2
232 animals/464 eyes included only 116 females only 116 males
the papilla) included the papilla)  included the papilla)
79.3 (73.5,84.3)/42.6 (38.1, 47.3) 68.1(58.8, 76.4) 90.5 (83.7, 95.2)

Intravitreal hyperreflective spots 174/326 98 76 Figure 3
45.3 (40.3,50.4)/42.4 (38.9, 46.0) 51.0 (43.7,58.3) 39.6 (32.6, 46.9)

Tortuosity of retinal vasculature 2/4 0 2 Figure 4
0.5(0.1,1.9)/0.5 (0.1, 1.3)

Abnormally shaped foveal pit 6/12 4 2 Figure 5
1.6(0.6,3.4)/1.6 (0.8,2.7)

Partial posterior vitreous detachment 1/1 0 1 Figure 6
0.3(<0.1,1.4)/0.1 (<0.1,0.7)

Focal discontinuation of retinal layer(s) 4/4 0 4 Figure 7
1.0(0.3,2.6)/0.5 (0.1, 1.3)

Focal disorganization of retinal layers 1/1 0 1 (right eye) Figure 8
0.3(<0.1,1.4)/0.1 (<0.1,0.7)

Drusen-like subretinal hyperreflectivities 1/1 0 1 (right eye) Figure 9
0.3(<0.1,1.4)/0.1 (<0.1,0.7)

Vitreal opacity 1/1 0 1 (left eye) Figure 4

0.3[<0.1,1.4]/0.1 [<0.1,0.7]

Total no. of animals evaluated, 384; total no. of eyes evaluated, 768.

Data are given as case count (11) and incidence (%) and 95% CI (in parentheses).

Figure 2. Bergmeister papilla. Note the conical structure extending
from the papilla into the vitreous.

markedly more affected than the contralateral eye. In the rest
of the animals with bilateral HRS, both eyes were comparable
in regard to extent. Although their appearance in some eyes
was confined to the peripapillary or parafoveal vitreous, HRS
also occurred more peripherally in some eyes. Overall, HRS
were distributed sparsely and evenly, in close proximity to the
retinal surface.

Retinal vessel tortuosity. Two male macaques showed pro-
nounced bilateral retinal vessel tortuosity on the SLO im-
age (Figure 4). Tortuosity was present in all retinal arteries
but not in the retinal veins. Tortuosity was marked in both
eyes of one animal and moderate in both eyes of the other
subject.

Figure 3. Intravitreal hyperreflectivities. Distinct hyperreflective whit-
ish dots af variable size can be distinguished in the vitreous.

Unusually shaped foveal pit. All subjects included in the study
had well-defined and similar foveal pits. However, 6 animals
were remarkable because of bilaterally symmetrical, signifi-
cantly larger and broader foveal pits compared with those in
the remaining animals (Figure 5).

Partial posterior vitreous detachment. One eye showed local-
ized posterior vitreous detachment next to the fovea (Figure 6).
Below the posterior hyaloid, diffuse low-reflective material was
detected.

Focal discontinuation of retinal layers. Four male macaques
showed a small, unilateral focal discontinuation of the ellipsoid
zone. In one of those eyes, underlying structures showed diffuse
hyperreflectivity (Figure 7).
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Figure 4. Tortuous retinal arteries.

Focal disorganization of retinal layering. Unilateral peripapil-
lary disorganization of the retinal layers was found in a single
male macaque (Figure 8).

Drusen-like subretinal hyperreflective deposits. Multifo-
cal subretinal accumulations of hyperreflective material were
noted unilaterally in the right eye of a single male animal. Cor-
responding coalescent hyperreflectivities were present on the
autofluorescence fundus image (Figure 9).

Vitreal opacities. Unilateral opacity of the vitreous was pres-
ent in the left eye of one male animal; this animal also had

unusually broad foveal pits (Figure 5). This finding presented
as a shadow on the SLO image, whereas the vitreous depicted
in the OCT scan lacked abnormal features.

Discussion

To our knowledge, this report is the first to describe the mor-
phology and incidence of retinal OCT findings in cynomolgus
monkeys. Hyperreflective spots occurred more frequently in
female animals, and male macaques were affected with Berg-
meister papillae more often than females. Otherwise, no ap-
preciable sex-associated differences were noted. Several reports
described the nature and frequency of such findings as noted on
histopathology.#**2 However, the findings affecting the vitre-
ous, retina, and choroid—and therefore matching the regions
assessed in the current study with OCT—vary in regard to pa-
thologies described to the current study. Whereas some studies
report no background findings in those ocular regions at all,
others note disarrangement of retinal structures including folds,
(cystoid) degeneration of the retina, nuclear displacement of
the retina, conus of the optic nerve, glial nodules, or macular
degeneration.>>%

Commonly observed were point-shaped foci, marked as in-
travitreal hyperreflective spots HRS. Of note, intravitreal HRS
are not considered normal in the human population, but their
presence has been reported in the context of ocular inflam-
matory diseases, after complicated posterior hyaloid detach-
ments, and in the context of traumatic etiology and is thought
to represent intravitreal cellular infiltrates or blood cells.* In the
present study, concurrent ocular examinations with slit lamp
and indirect biomicroscopy revealed no indication of associ-
ated inflammatory changes, and no signs of ocular trauma were
observed. These foci could, therefore, be seen in the context of
hyaloid artery remnants and its connective tissue called Berg-
meister papilla. In humans, the hyaloid vasculature network
regresses gradually beginning in the 4th month of gestation, and

an &4 1o

Figure 5. Abnormally shaped (flat) foveal pit (right) and vitreal opacity represented by the diffusely dark circular area in the lower right corner

of the SLO image (left).
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Figure 6. Partial posterior hyaloid detachment. The posterior hyaloid
is detached in the fovea with diffuse low-reflective subhyaloidal mate-
rial (green arrow).

Figure 7. Focal interruption ellipsoid zone (green arrow in OCT im-
age; right).

regression normally is complete by birth.?> In NHP, consider-
able variability in regard to timing of complete disappearance
has been reported.’” In humans, the incidence of persistence of
Bergmeister papilla and associated Cloquet canal were noted in
93%" and74%%> respectively of eyes when examined with OCT;
however, the sample size of those studies was limited. Nota-
bly, persistent fetal vasculature including Bergmeister papilla is
most frequently unilateral in humans.?® We observed the same
pattern in the current study in cynomolgus monkeys. Given
the frequency of affected eyes, there should be a much larger
number of animals with bilateral findings (number expected, 42;
number observed, 14). This result suggests that having one eye
affected reduces the probability of the other eye being affected
by a factor of 4.5.

Our frequent finding of persistent Bergmeister papilla in
more than half of the eyes examined demonstrates that the rem-
nant of the hyaloid artery and its associated structures do not
regress completely in many eyes of cynomolgus monkeys. One
also needs to take into account that the papilla was not depicted
on the scans of all eyes examined; therefore, the true prevalence
might exceed that frequency. Persistence of Bergmeister papilla
can, therefore, be considered as an anatomic variant rather than
an abnormal finding in this species. It could be speculated that
both the high incidence of Bergmeister papilla and the earlier
mentioned intravitreal HRS of potential vascular origin are
linked, even though both findings could also be noted sepa-
rately from the other in several eyes.

Further investigations are needed to characterize and iden-
tify the origin of these findings regarding HRS. In the mean-
time, awareness of this frequent background finding that
shows intriguing similarity to inflammatory toxic patholo-
gies will aid in discernment. Comparison of predose scans
with longitudinally obtained scans throughout the study time
course is needed to differentiate primary (background) find-
ings from secondary findings relating to dosing or test article.
However, it is important to note that the extent of intravitreal
HRS varied greatly between different scans of the same eye

Retinal findings in cynomolgus monkeys

depending on the scan location and according to the mobility
of the vitreous.

The fovea is the most important structure in the retina, re-
sponsible for the highest spatial acuity and color vision. Its char-
acteristic displacement of the inner retina is thought to facilitate
visual acuity, by decreasing light scatter.**! Because of the spe-
cialized nature of the fovea, assessing its shape is potentially
important when examining alterations associated with aging or
disease.”™ In the current study, we performed a semiquantitative
assessment only, which showed variations—namely a bilateral,
broader foveal pit—in only a subset of macaques. In humans,
ethnicity regarding the pigmentation of the ocular structures
has been reported to directly influence the foveal width and
depth, which are significantly narrower and shallower in the
Caucasian population than in the black population.® Given the
close genetic affinity of the cynomolgus macaques examined
here, the observed deviations are likely to have a different cause,
which still needs to be elucidated. Future studies are needed for
a more detailed assessment of foveal curvature and symmetry,
using a specialized OCT imaging protocol, as has already been
done in humans.?

Our study population included 2 monkeys (0.5%) with bilat-
eral arterial vessel tortuosity. Retinal vessel tortuosity is a com-
mon finding associated secondary to ocular inflammation and
ischemic retinal disorders."” In these macaques, predominantly
venous retinal vessels showed dilatation and tortuosity. Isolated
arterial retinal vessel tortuosity, like that in our current study,
is a rare finding in humans and has been reported to be inher-
ited, as familial retinal arteriolar tortuosity.?® The significance of
retinal artery tortuosity remains unclear. Nevertheless, any vas-
cular abnormalities of similar appearance are important to note
during baseline examination, and inclusion of respective ani-
mals in a study or at least allocation to a particular dose group
should be reconsidered depending on the readout parameters.

Identification of changes in the retinal architecture—such as
disintegration of reflective bands, disorganization of layers, and
drusen-like subretinal hyperreflectivities—on predose scans al-
lows them to be differentiated from toxicologic changes during
the study. Although most drusen classically are located beneath
the retinal pigment epithelium, subretinal accumulation of dru-
sen-like material has been reported in humans and variously
termed pseudodrusen or subretinal drusenoid deposits.'® A
number of systemic diseases are associated with pseudodrusen,
which are found more prevalent in the elderly human popula-
tion. The fact that pseudodrusen was found in only a single eye
of our study population may be attributable to the young age of
those animals.

The vitreous body is an extracellular matrix that is relatively
acellular. Vitreous consists of 98% water and macromolecules
organized in a clear hyaluronic gel.>** Changes in the vitreous
filaments most often are a result of aging but also can originate
from inflammation, vitreoretinal dystrophies, or myopic and
diabetic vitreopathy.”” The affected animal in the current study
was young, and no other pathologies were detectable; therefore
we can only speculate about the underlying etiology.

The findings in the present study and those described in other
reports provided by the respective contract research organiza-
tions varied greatly among different studies and reviewers,
ranging from 1% to 100%. Retinal findings were more likely to
be reported than vitreous findings. Considering the importance
of the vitreous in retinal disease, vitreal OCT findings reported
in preclinical studies reports are surprisingly sparse. Whereas
histologic assessment of the vitreous is limited given the chal-
lenges to focus on this structure, which consists primarily of

http://prime-pdf-watermark.prime-prod.pubfactory.com‘ﬂ 2025-02-25



Vol 70, No 2
Comparative Medicine
April 2020

Figure 8. Peripapillary disturbance of retina layers and architecture. Note the loss of clear retinal layering in the peripapillary region (right side

of the OCT image, left to the papilla; right).

Figure 9. Drusenoid structures. Note the focal arching of the outer reti-
nal layers.

water, OCT allows imaging of intraocular structures with in-
creasing resolution, sensitivity, and depth.® Although the fo-
cus of preclinical OCT scans often lies on the retinal structures,
the preretinal vitreous band (as a minimum) should not be ne-
glected when reviewing the data set. Future refinement of the
means for imaging vitreal structures is an important step to bet-
ter understanding the potential effect of changes in the vitreous
and vitreoretinal interface in the context of drug development
studies.

Correlation of findings observed with OCT and histopathol-
ogy is possible for selected pathologies,’ often resulting in a
description of OCT as “in-life histology.”*® OCT offers the tre-
mendous benefit of noninvasive longitudinal imaging during
the study, with a resolution exceeding other in vivo imaging
techniques being used, and the image acquisition technique
differs greatly from histology. Histologic examination allows a
much higher resolution compared with OCT; however, OCT al-
lows scans and images to be obtained faster and can be repeated
as required, thus supporting screening and monitoring of larger
regions of the eye. Furthermore, tissue assessed by histopathol-
ogy has undergone several processing steps that, in turn, can
influence parameters, such as thickness, of various structures.
Histologic assessment of globes is often limited to one to three
4-um sections for practical reasons, whereas with OCT, large
numbers of scans per eye per imaging time point can readily be
obtained, thus spanning a much larger proportion of the eye.

This benefit of in vivo and repeated imaging offered by OCT
is strikingly reflected in the differences between findings of the
current study and the reports describing the histologic back-
ground findings mentioned earlier. Although some pathologies,
such as retinal disorganization or degeneration, may present
similarly and correlate with each other on histology and OCT,
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more attention should be paid to findings that are detectable
only in vivo but not post mortem. Further refinement and stan-
dardization of ocular imaging in the preclinical setting will max-
imize the full potential of OCT imaging in this setting.
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