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Purpose: Sub-basal corneal nerves have been shown to change during neuro-
toxic chemotherapy treatment. This cross-sectional study investigated corneal nerve
morphology in patients who have completed neurotoxic chemotherapywell after treat-
ment cessation and its association with peripheral nerve function.

Methods: Central corneal nerve fiber length (CNFL) and inferior whorl length (IWL),
average nerve fiber length (ANFL), corneal nerve fiber density (CNFD) and corneal nerve
branch density (CNBD), and nerve fiber area (CNFA)were examined using in vivo corneal
confocal microscopy in patients with cancer who had completed treatment with either
paclitaxel or oxaliplatin between 3 and 24 months prior to assessment in comparison
with 2 separate groups of healthy controls. Neurological assessments were conducted
including clinician- and patient-reported outcomes, and neurological grading scales.

Results: Both paclitaxel- (n = 40) and oxaliplatin-treated (n = 30) groups had reduced
IWL andANFL compared to the respective healthy control groups (n= 15 in each group)
(paclitaxel: IWL = P = 0.02, ANFL = P = 0.009; and oxaliplatin: IWL = P = 0.008, ANFL
P= 0.02). CNFL and CNFD reduction were observed only in the paclitaxel-treated group
compared with healthy controls (P = 0.008 and P = 0.02, respectively), whereas CNFA
was reduced in the oxaliplatin-treated group (P = 0.04). IWL reduction correlated with
worse fine hand dexterity in chemotherapy-treated patients (r = −0.33, P = 0.007).

Conclusions: There is evidence of corneal nerve loss in patients with cancer who have
been treated with paclitaxel and oxaliplatin well after treatment cessation associated
with worse upper limb function.

TranslationalRelevance: Sub-basal corneal nerve reduction is evident evenafter cessa-
tion of neurotoxic treatment. In vivo corneal confocal microscopy may be useful in the
monitoring of nerve function in patients receiving chemotherapy.

Introduction

Chemotherapy-induced peripheral neuropathy
(CIPN) is a distal, predominantly sensory neuropa-
thy, which can affect both large and small nerve fiber
function.1,2 With increasing survival rates due to
improved diagnosis and chemotherapeutic treatment
of cancer, the side effect burden of CIPN has also

increased.3 Notably, it is one of the most common
dose-limiting factors, with debilitating neuropathic
symptoms, such as pain and numbness necessitating
treatment discontinuation.3 It also has the potential to
cause long-term sensory and functional impairments,
which can negatively affect quality of life.4

The two drugs that are most commonly associ-
ated with the development of peripheral neuropathy
are oxaliplatin, widely used in upper gastrointestinal
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and colorectal cancers, and paclitaxel, used for the
treatment of breast, gynecological, and lung cancers.
Chronic neuropathy has been reported to be present in
up to 84% of oxaliplatin-treated patients at 24 months
follow-up.5 Paclitaxel-induced peripheral neuropathy is
also common with 71% of treated patients reporting
neuropathic symptoms.6 These symptoms can persist
well after treatment, with 54% of patients report-
ing persistent neuropathy at 18 months post-treatment
cessation.7

Despite developments in the use of validated
clinician- and patient-reported outcome measures,
there is no test available that provides early detection of
neuropathy onset in patients receiving chemotherapy.
Nerve conduction studies remain the gold standard
for neuropathy diagnosis but are slow to demon-
strate changes in nerve function and often correlate
poorly with clinical features.8 In vivo corneal confo-
cal microscopy has been proposed as an instrument
for detecting peripheral neuropathy due to its noninva-
sive nature and rapid method of imaging small nerves
particularly in patients with diabetes.9–12 Most research
involving corneal assessment in CIPN were longitudi-
nal studies during treatment without long-term follow-
up to assess any persistent loss of peripheral and
corneal nerves.9,13 As investigations into corneal nerve
morphology in patients with cancer treated with neuro-
toxic chemotherapy with high prevalence of persistent
peripheral neuropathy well after treatment cessation is
limited,14 the current study aimed to observe corneal
nerve morphology in patients with cancer who have
received and completed treatment with paclitaxel or
oxaliplatin.

Methods

Study Design

This cross-sectional study was approved by the
South Eastern Sydney Area Health Service Human
Research Ethics Committee. All methods were
conducted in accordance with relevant guidelines and
regulations. Participants provided written informed
consent after explanation of the nature and possible
consequences of the study in accordance with the
tenets of the Declaration of Helsinki.

Patient Selection

Seventy patients with cancer who had completed
treatment with chemotherapy between 3 to 24 months
prior to assessment (n = 40 treated with paclitaxel:
36 breast and 4 gynecological cancers; n = 30 treated

with oxaliplatin: 25 colorectal and 5 upper intestinal
tract cancers) were recruited by convenience sampling
from the Department of Medical Oncology, Prince of
Wales Hospital (Sydney, Australia). Sample size calcu-
lation using G*Power 3.1.9.4 (Heinrich Heine Univer-
sity, Dusseldorf, Germany) was based on the differ-
ence between the mean values for corneal nerve fiber
length (CNFL) of patients with cancer completing
chemotherapy (18.08 ± 3.62 mm/mm2) compared with
controls (26.82 ± 4.27 mm/mm2),9 and showed that
12 participants would be the minimum sample size
required to show a significant difference with 90%
power and alpha of 0.05. Two separate groups of
age-, sex-, and body mass index (BMI)-matched
healthy controls, each compared with paclitaxel- or
oxaliplatin-treated groups, were recruited through
contact in the local health district.

Participants were excluded if they had a history of
any other medical disorders known to cause neuropa-
thy, including impaired glucose tolerance, diabetes,
and chronic kidney disease, as well as those who
were pregnant or lactating, had a history of ocular
trauma, ocular surgery, or refractive surgery, had any
active ocular disease, such as significant corneal epithe-
liopathy from dry eye disease (grade >2 fluorescein
staining on the Efron scale),15 iritis, corneal edema,
herpetic ulcers, corneal dystrophies, or glaucoma
requiring treatment with intraocular pressure lower-
ing eye drop medication, soft and rigid contact lens
wear, or had known allergies to anesthetic eyedrops. Slit
lamp biomicroscopy was performed to exclude clinical
manifestations of these conditions.

Assessment of Neurotoxicity

Clinical assessment was conducted using the
clinician-reported outcome, National Cancer Insti-
tute Common Toxicity Criteria for Adverse Events
(NCI-CTCAE) version 3 sensory subscale for periph-
eral neuropathy with the following grading system:
grade 1, asymptomatic loss of tendon reflex or pares-
thesia (including tingling) but not interfering with
function; grade 2, sensory alterations or paresthesia
interfering with function but not interfering with
activities of daily living; grade 3, sensory alterations or
paresthesia interfering with activities of daily living;
and grade 4, disabling.16 The European Organization
for Research and Treatment of Cancer (EORTC)
Quality of Life – Chemotherapy-induced Periph-
eral Neuropathy questionnaire (QLQ-CIPN20) was
incorporated as a patient-reported outcome, which
assesses sensory, motor, and autonomic symptoms,
in addition to functional activities of daily living.17
The Total Neuropathy Scale (TNS - Johns Hopkins
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Figure 1. In vivo corneal confocal microscopy images of the corneal sub-basal nerve plexus. The approximate anatomical locations of the
central region and the inferior whorl on the illustration of an eye are shown, with representative corneal nerve images of age-matched
participants treated with paclitaxel (age = 58 years) or with oxaliplatin (age = 56 years), and a healthy control (age = 54 years). Sparser
nerves are evident in the paclitaxel and oxaliplatin groups compared to the healthy controls.

University) is a composite scale developed to grade
neuropathy according to symptoms, signs, and nerve
conduction studies.18,19 The reduced TNS (TNSr) was
used to grade symptomatology, clinical, and neuro-
physiological measures across eight domains (sensory
symptoms, weakness symptoms, pin prick sensibility,
vibration threshold, strength, deep tendon reflexes,
sensory nerve, and motor nerve conduction studies),
with grades ranging from 0 to 4, where 0 signifies no
deficit and 4 represents more severe changes.18 The
total score ranges from 0 to 32. Nerve conduction
studies were undertaken in the sural sensory and tibial
motor nerves, as per standard protocols.20 Functional
assessment of upper limb dexterity and hand-eye
coordination was conducted via timed completion
of a grooved pegboard test using identical keyhole-
shaped pegs with their dominant hand.21 The task was
completed twice, and the average time of completion
was reported.

In Vivo Corneal Confocal Microscopy

In vivo corneal confocal microscopy using a laser
scanning confocal microscope (Heidelberg Retinal
Tomograph III with Rostock Corneal module; Heidel-
berg Engineering GmbH, Heidelberg Germany) was
performed on participants after the cornea has been
anesthetized with sterile 0.4% benoxinate hydrochlo-
ride (oxybuprocaine hydrochloride). A sterile probe
was then placed onto the cornea to capture images.

Only the right eye was imaged for all the partici-
pants, given the symmetry between the two eyes in
previous studies.22,23 The central cornea and inferior
whorl region were scanned. Eight images best repre-
senting the central cornea with <20% overlap between
images24 and 3 to 5 images from the inferior whorl
region were identified for analysis as previously
described (Fig. 1).25 Data were averaged across the
eight central images and three to five inferior whorl
images. The inferior whorl is the most distal portion
of corneal nerves located about 2 mm inferonasal from
the central cornea (see Fig. 1) and is known to be a
sensitive parameter for detecting peripheral neuropa-
thy.26 Corneal nerve parameters were measured with
an established automated image analysis software27,28
(ACCMetrics, The University of Manchester Intel-
lectual Property UMIP, Manchester, UK): CNFL
(mm/mm2), the total length of all nerve fibers (main
trunks and branches) at the central cornea, and inferior
whorl length (IWL; mm/mm2), the total length of
all nerve fibers and branches in the inferior whorl
region given the diagnostic value of CNFL as shown
in diabetic peripheral neuropathy.29 The IWL is also
thought to represent the most distal regions of the
corneal nerve and shown to be a sensitive measure in
length-dependent peripheral neuropathy in diabetes.26
Additional pertinent corneal nerve parameters, includ-
ing corneal nerve fiber density (CNFD; no/mm2),
corneal nerve branch density (CNBD; no/mm2),
corneal nerve fiber area (CNFA; mm2/mm2), and
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average nerve fiber length (ANFL = CNFL + IWL
2 ,

mm/mm2) have also been included given their poten-
tial diagnostic utility reflected in diabetic peripheral
neuropathy.30–34

Statistical Analysis

Statistical analysis was conducted using SPSS Statis-
tics 26 (IBM Corp., Armonk, NY). Significance was
defined as P ≤ 0.05, unless stated otherwise. Normal-
ity was considered when P > 0.05 in the Shapiro-
Wilk test. Neurophysiological, functional, and corneal
measures were compared between the paclitaxel and
oxaliplatin groups with the respective healthy control
groups (healthy controls group 1 with paclitaxel, and
healthy controls group 2 with oxaliplatin). Chi squared
test of independence was used to compare gender
proportions between the groups. Normally distributed
data were compared using independent samples t-
test, whereas nonparametric data were compared using
the Mann-Whitney U test. The two largest patient
groups for each treatment type (breast cancer for pacli-
taxel and colorectal cancer for oxaliplatin) were also
compared in terms of corneal nerve parameters.

A subanalysis of patients with neuropathy (TNSr
grade ≥1) versus no neuropathy (TNSr grade 0)
as assessed with TNSr was performed within each
chemotherapeutic treatment group. Chi squared test
of independence was used to compare gender propor-
tions between the two groups. Normally distributed
data were compared using independent samples t-test,
whereas nonparametric data were compared using the
Mann-Whitney U test. Comparisons with the respec-
tive healthy control groups matched in the primary
analysis using the Kruskal Wallis test with Bonferroni
adjustment were also conducted, with an adjusted P
value of 0.05

3 used to assess for significance.
Partial correlation analysis was used to assess the

association between corneal nerve parameters with
five main measures of sensory neuropathy severity
and nerve function, including grooved pegboard test,
NCI-CTCAE, EORTC QLQ-CIPN20, TNSr scores,
and sural nerve amplitude in chemotherapy-treated
patients (both paclitaxel and oxaliplatin) after adjust-
ing for age. The associations among stage of cancer
prior to treatment, number of treatment cycles, mean
cumulative dose, period post-treatment, and relative
dose intensity by the two chemotherapy types with
corneal nerve parameters were also assessed with corre-
lation analysis while adjusting for age. Additionally,
correlation between cancer and chemotherapy data
with the measures of sensory neuropathy severity and
nerve function was conducted. An adjusted P value of

0.05
5 was used to assess for significance in each correla-

tion analysis to control for type 1 errors.

Results

The clinical, demographic, and neurological data
are presented in Table 1. Representative figures of the
corneal nerve images for the paclitaxel, oxaliplatin, and
healthy control groups are shown in Figure 1.

Both paclitaxel- and oxaliplatin-treated patients had
severe reduction in length of the inferior whorl corneal
nerves compared with their respective healthy control
groups (Table 2). Only the paclitaxel-treated patients
had significantly reduced CNFL in the central cornea
compared with healthy controls (Table 2). ANFL and
CNFDwere also reduced in paclitaxel-treated patients,
whereas reductions in ANFL and CNFA were noted
in oxaliplatin-treated patients when compared with
healthy controls (Table 2). Comparisons of the corneal
nerve parameters of the two largest cancer groups
showed no significant differences between patients with
breast cancer who received paclitaxel treatment and
patients with colorectal cancer who received oxaliplatin
treatment (CNFL: 13.5 ± 3.7 mm/mm2 vs. 14.2 ±
2.4 mm/mm2, P = 0.41; IWL: 13.7 ± 4.0 mm/mm2

vs. 12.5 ± 3.3 mm/mm2, P = 0.21; ANFL: 13.6 ±
3.6 mm/mm2 vs. 13.3 ± 2.7 mm/mm2, P = 0.72;
CNFD: 22.7 ± 7.6 no/mm2 vs. 24.25 ± 6.0 no/mm2,
P = 0.39; CNBD: 31.3 ± 15.8 no/mm2 vs. 27.6 ±
11.6 no/mm2, P = 0.47; CNFA: 0.0050 ±
0.0014 mm2/mm2 vs. 0.0053 ± 0.0012 mm2/mm2,
P = 0.49).

A subanalysis was performed on the treatment
groups to explore differences in corneal nerve param-
eters of those with neuropathy (TNSr grade ≥ 1),
those without neuropathy (TNSr grade 0), and healthy
controls. Only the paclitaxel group was considered in
this analysis as the oxaliplatin group had a limited
number of patients without neuropathy for compari-
son (n = 1). Paclitaxel-treated patients with neuropa-
thy were older (P = 0.002) and had worse fine
hand dexterity (P = 0.005) compared with paclitaxel-
treated patients without neuropathy (Supplementary
Table S1). CNFL, IWL, ANFL, and CNFD were
significantly reduced in those with paclitaxel-induced
neuropathy (n = 27) compared with healthy controls
(P = 0.001, P = 0.004, P = 0.001, and P =
0.002, respectively; Fig. 2). There was also signifi-
cant CNFL, IWL, ANFL, and CNFD loss in the
paclitaxel-treated group with neuropathy compared
with those without neuropathy (n = 13; P = 0.004,
P = 0.009, P = 0.005, and P = 0.004, respectively).
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Table 1. Clinical Characteristics, Neurophysiological, and Functional Measures of Study Participants

Participants

Clinical
Characteristics

Paclitaxel
(n = 40)

Healthy Control
Group 1
(n = 15) P Value

Oxaliplatin
(n = 30)

Healthy Control
Group 2
(n = 15) P Value

Age, y 56.4 ± 12.5 52.1 ± 13.5 0.33 59.8 ± 8.8 58.8 ± 11.5 0.95
Gender, female, n 38 (95%) 14 (93%) 1.00 13 (45%) 6 (43%) 1.00
BMI, kg/m2 27.9 ± 5.8 26.2 ± 5.1 0.31 27.1 ± 5.0 24.5 ± 4.7 0.09
Stage of cancer prior
to treatment

2 [2-3](none
with

metastasis)

N/A N/A 3 [3-4](n = 8
with liver
metastasis)

N/A N/A

Number of
treatment cycles

10.5 [7–12] N/A N/A 9 [5.8–12] N/A N/A

Mean cumulative
dose, mg

1463.85 ±
364.45

N/A N/A 1244.19 ±
450.82

N/A N/A

Relative dose
intensity, %

92.2 ± 13.5 N/A N/A 92.7 ± 11.2 N/A N/A

Period
post-treatment,
mo

14.3 ± 7.4 N/A N/A 10.5 ± 7.9 N/A N/A

NCI-CTCAE (0–4) 1 [0–2] 0 [0–0] <0.001 1 [1–2] 0 [0–0] <0.001
EORTC QLQ-CIPN20
(0–100)

15.8
[5.7–29.8]

0 [0-0] <0.001 19.7
[9.7–33.3]

0 [0–1.8] <0.001

TNSr score (0–32) 3 [1–6] 1 [0–3] 0.006 5 [3–8] 0 [0–1] <0.001
Sural nerve
amplitude, μV

13.1
[9.2–18.1]

20.1 [12.2–33.7] 0.02 6.9
[3.5–11.3]

12.4 [9.4–26.4] 0.002

Tibial nerve
amplitude, mV

12.6
[6.9–17.0]

12.9 [9.5–19.4] 0.32 9.3
[4.1–13.3]

10.8 [7.1–13.2] 0.28

Grooved pegboard
test, s

70.7 ± 15.0 61.1 ± 8.3 0.07 85.1 ± 24.7 65.2 ± 8.6 0.02

Relative dose intensity (actual dose received/actual dose prescribed) is expressed as a percentage. Data is reported as
mean± SD, ormedian [interquartile range, quartile 1 to quartile 3]. Abbreviations: BMI, bodymass index; NCI-CTCAE, National
Cancer InstituteCommonToxicity Criteria for Adverse Events; EORTCQLQ-CIPN20, the EuropeanOrganization for Research and
Treatment of Cancer Quality of Life – Chemotherapy-induced Peripheral Neuropathy questionnaire; TNSr, reduced version of
Total Neuropathy Scale.

Table 2. In Vivo Corneal Confocal Microscopy Parameters of Study Participants

Participants

Sub-Basal Corneal
Nerve Parameters

Paclitaxel
(n = 40)

Healthy
Controls Group

1 (n = 15) P Value
Oxaliplatin
(n = 30)

Healthy
Controls Group

2 (n = 15) P Value

CNFL, mm/mm2 13.6 ± 3.8 16.8 ± 3.7 0.008 13.9 ± 2.5 16.3 ± 4.7 0.09
IWL, mm/mm2 14.1 ± 4.3 17.1 ± 4.1 0.02 12.5 ± 3.3 17.4 ± 5.9 0.008
ANFL, mm/mm2 13.8 ± 3.7 16.9 ± 3.7 0.009 13.2 ± 2.6 16.8 ± 4.9 0.02
CNFD, no/mm2 22.5 ± 7.6 27.9 ± 7.2 0.02 23.6 ± 6.0 26.8 ± 9.5 0.18
CNBD, no/mm2 31.7 ± 16.9 42.5 ± 23.1 0.11 26.1 ± 11.2 36.1 ± 22.3 0.13
CNFA, mm2/mm2 0.0051 ± 0.0014 0.0058 ± 0.0021 0.28 0.0052 ± 0.0012 0.0067 ± 0.0031 0.04

All data is reported asmean± SD. Abbreviations: CNFL, corneal nerve fiber length; IWL, inferior whorl length; ANFL, average
nerve fiber length; CNFD, corneal nerve fiber density; CNBD, corneal nerve branch density; CNFA, corneal nerve fiber area.
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Figure 2. Scatterplots of (a) corneal nerve fiber length (CNFL), (b) inferior whorl length (IWL), (c) average nerve fiber length (ANFL), (d)
corneal nerve fiber density (CNFD), (e) corneal nerve branch density (CNBD), and (f) corneal nerve fiber area (CNFA) in patients treated with
paclitaxel who have established peripheral neuropathy and those without neuropathy compared with healthy controls. Healthy controls
group 1 represent the group of age-, sex-, and body mass index-matched healthy controls for the paclitaxel group. Scatterplots show the
mean and standard deviation bars with significant differences highlighted.

CNBD and CNFA were not considered significantly
different between those with neuropathy compared
with those without neuropathy (P = 0.034 and P =
0.53, respectively) or healthy controls (P = 0.027 and P
= 0.25, respectively). There were no significant differ-
ences in CNFL, IWL, ANFL, CNFD, CNBD, and
CNFA between the patients without neuropathy and
healthy controls (P = 0.75, P = 0.90, P = 0.75, P =
0.99, P = 0.99, and P = 0.56, respectively; Supplemen-
tary Table S2).

The relationship between corneal nerve parameters
and peripheral nervemeasures were also analyzed. IWL

reduction correlated with worse functional outcomes
in terms of fine dexterity of the upper extremities
in chemotherapy-treated patients (Table 3, Fig. 3).
When analyzed by chemotherapy type, corneal nerve
parameters did not correlate with stage of cancer
prior to treatment, number of treatment cycles, mean
cumulative dose, relative dose intensity, or period
post-treatment for either the paclitaxel- or oxaliplatin-
treated group (Supplementary Tables S3, S4). In inves-
tigating the association between chemotherapy dosage
and neurophysiological measures, the number of treat-
ment cycles for oxaliplatin correlated significantly with
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Table 3. Correlation Matrix Summarizing Associations Between Corneal Measures, and Neurophysiological and
Functional Measures After Adjusting for Age in Chemotherapy-Treated Patients

EORTC TNSr Grooved Pegboard Sural Nerve
NCI-CTCAE QLQ-CIPN20 Score Test Amplitude

CNFL −0.19 (P = 0.12) −0.10 (P = 0.44) −0.002 (P = 0.99) −0.07 (P = 0.56) 0.15 (P = 0.24)
IWL −0.24 (P = 0.04) −0.17 (P = 0.16) −0.22 (P = 0.07) −0.33 (P = 0.007) 0.23 (P = 0.08)
ANFL −0.25 (P = 0.04) −0.15 (P = 0.21) −0.14 (P = 0.27) −0.24 (P = 0.051) 0.22 (P = 0.08)
CNFD −0.15 (P = 0.22) −0.01 (P = 0.92) 0.009 (P = 0.94) −0.13 (P = 0.31) 0.19 (P = 0.14)
CNBD −0.19 (P = 0.11) −0.05 (P = 0.67) −0.05 (P = 0.67) −0.12 (P = 0.36) 0.14 (P = 0.27)
CNFA 0.01 (P = 0.93) −0.04 (P = 0.74) 0.17 (P = 0.16) 0.06 (P = 0.62) −0.10 (P = 0.43)

Data are reported as r (P value), with statistically significant correlations highlighted in bold. Abbreviations: CNFL, corneal
nerve fiber length; IWL, inferior whorl length; ANFL, average nerve fiber length; CNFD, corneal nerve fiber density; CNBD,
corneal nerve branch density; CNFA, corneal nerve fiber area; NCI-CTCAE, National Cancer Institute Common Toxicity Criteria
for Adverse Events; EORTC QLQ-CIPN20, the European Organization for Research and Treatment of Cancer Quality of Life –
Chemotherapy-induced Peripheral Neuropathy Questionnaire; TNSr, reduced version of Total Neuropathy Scale.

Figure 3. Scatterplot showing association between corneal nerve
inferior whorl lengths (IWL) and increased grooved pegboard test
completion times after accounting for age in partial correlation
analysis in chemotherapy-treated patients.

TNSr scores (Supplementary Table S5). No signifi-
cant associations were noted between chemotherapy
dosage and cancer staging with neurophysiological
measures in paclitaxel-treated patients (Supplementary
Table S6).

Discussion

The present study explored the differences in corneal
nerve parameters in patients with cancer who have
completed treatment with two commonly used neuro-
toxic chemotherapies. A significant reduction in the
corneal nerve fiber length particularly at the inferior
whorl regions reflected a loss of nerves in patients who

completed treatment with paclitaxel and oxaliplatin
treatments. Interestingly, corneal nerve loss particu-
larly in the inferior whorl regions, the most distal
portion of the corneal nerves, was associated with
functional loss in terms of fine dexterity in the upper
extremities, suggesting an association between corneal
measures and peripheral functional outcomes. Similar
central and inferior whorl corneal nerve changes have
been found in diabetic peripheral neuropathy.35,36
Although previous research has shown evidence of
corneal nerve dysfunction in patients receiving neuro-
toxic chemotherapy,9,37 the current study involved a
more comprehensive assessment of CIPN, including
clinical, symptomatology, and functional tests. The
large sample size enabled us to detect a significant
difference in the corneal nerve measures with greater
power.

The current novel findings suggest that in vivo
corneal confocal microscopy, a noninvasive and
rapid test, combined with a validated automated
software27,28 is able to analyze and detect corneal
nerve length reduction in chemotherapy-treated
patients, particularly those with peripheral neuropathy
after treatment. Similar findings have already been
demonstrated in patients with diabetes and early
corneal changes have been shown to be predictive of
neuropathy in prediabetic and diabetic cohorts.10,11,29
Although evidence of an association between corneal
nerve reduction and local clinical corneal measures,
such as corneal sensitivity or ocular surface discomfort
remains equivocal,38,39 this study shows evidence of
corneal nerve loss in a neurotoxic systemic condition.
The current study cannot exclude an even greater
effect of corneal nerve fiber loss during or immediately
after cessation of chemotherapy treatment, however,
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even at a delayed time point, a significant loss in
corneal nerve fiber lengths was evident. Whereas the
CNFL values of healthy controls in the current study
seem to be lower than a few studies,40,41 the values are
comparable to others using similar methodologies.42–45
This may also be due to the more advanced ages of
healthy controls that were involved in the current study
for age-matching with the patients with cancer.25,46
A limitation of this study is not stratifying patients
according to dry eye severity, which may impact on
nerve morphology.44 Future studies will investigate
the association between ocular surface discomfort
symptomatology with corneal and peripheral nerve
involvement. Another limitation is that only one eye
was examined, however, previous studies have shown
symmetry in healthy corneal nerve fiber parameters and
pattern of loss in the context of peripheral neuropa-
thy.22,23,47 Additionally, testing one eye reduced the
test burden on patients who have a recent history
of cancer and chemotherapy treatment, and enabled
shortening of the protocol to assist with flow of
assessments.

A longitudinal study by Ferdousi and colleagues
showed that patients with gastrointestinal cancer
had reduced CNFL prior to oxaliplatin or cisplatin
treatment, whereas CNFL increased from baseline
while undergoing treatment.9 The baseline reduction
of CNFL may be attributed to existing subclini-
cal peripheral neuropathy, which may be associated
with gastrointestinal cancers.48 The current study is
limited by its cross-sectional design to investigate
this association, as it assessed the effects of periph-
eral neuropathy persisting after treatment on limb
function and corneal nerve morphology. However, a
remote effect of cancer is unlikely as paraneoplastic
effects typically predate cancer diagnosis by months
to years.49 Moreover, paraneoplastic syndromes gener-
ally improve with treatment of the underlying tumor.
The current study demonstrated corneal nerve changes
following treatment cessation, which would be more
consistent with a treatment effect rather than a remote
effect of cancer. The increase in CNFL observed by
Ferdousi and colleagues may be an acute aberrant
regenerative response of the corneal nerves to the initial
chemotherapy insult. Corneal tortuosity or microneu-
romas would be insightful measures to be included in
future studies to investigate putative aberrant regener-
ation of corneal nerves.

Significant corneal nerve reduction at both the
central cornea and inferior whorl in paclitaxel-
treated patients as compared to mainly inferior whorl
length reduction in oxaliplatin-treated patients versus
healthy controls may indicate that paclitaxel poten-
tially affects small nerve fibers of the cornea more

extensively, despite paclitaxel having a lower propor-
tion of patients with peripheral neuropathy manifest-
ing clinically compared to oxaliplatin-treated patients.
This may suggest differences in pathophysiological
mechanisms and clinical expression of neurotoxic-
ity between the two chemotherapies. Prior research
has shown that oxaliplatin affects large nerve fiber
function as indicated by reduced sensory nerve ampli-
tudes and elevated vibration thresholds, whereas small
fiber morphology represented by intra-epidermal nerve
fiber density involved in pain and temperature signaling
seem to be less affected.50,51 In contrary, corneal nerve
fiber involvement has been shown to be reduced in
mice treated with oxaliplatin.52 However, the evidence
for small fiber involvement with paclitaxel treatment
is more convincing, as shown by reduction in both
intraepidermal and corneal nerve fiber densities.53,54
Motor nerves are usually only minimally involved in
CIPN as found by Bennedsgaard and colleagues,14
which is also reflected in the current study. Large
sensory nerve fiber function in nerve conduction
studies have been shown to be reduced with CIPN.14
However, a cutoff value for sensory nerve conduc-
tion amplitudes for diagnosing CIPN is currently
absent, with clinicians and researchers instead propos-
ing a multimodal approach incorporating symptoma-
tology as well as large and small nerve fiber assess-
ments.8,14 Future investigation of the ability of sensory
nerve conduction studies and in vivo corneal confo-
cal microscopy in differentiating patients with and
without peripheral neuropathy during development
and progression of the condition in longitudinal studies
is warranted.

Of clinical significance, the paclitaxel group with
established neuropathy also showed significantly
reduced corneal nerve parameters compared with
healthy controls, whereas those without neuropa-
thy had similar levels of corneal nerve fiber lengths
to healthy controls. This implies that corneal nerve
dysfunction is more evident in patients with CIPN,
and raises the possibility of using this technique to
monitor nerve function in patients receiving paclitaxel.
Although the age of paclitaxel-treated patients with
neuropathy is higher than those without neuropathy, it
is unlikely that the difference in corneal nerve parame-
ters is due to an age effect as the discrepancy observed
exceeds physiological decrease due to normal aging
seen in previous studies (−0.06 mm/mm2 per year
in CNFL,46 −0.171 no/mm2 per year in CNFD25).
Whereas the current study did not find an associa-
tion between cumulative dose of chemotherapy with
corneal nerve loss, the relationship and impact of
dosing on corneal nerve fibers may be more appreci-
ated when patients are undergoing treatment. Hence,
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longitudinal studies that involve prospective monitor-
ing of patients with cancer receiving neurotoxic
chemotherapy treatment from baseline are needed to
provide a more insightful understanding of the poten-
tial effect of treatment on corneal nerve parameters in
parallel with neurophysiological measures associated
with the development of neuropathy. This will provide
a more definitive answer regarding the association
between neurotoxic chemotherapy and corneal nerve
changes. Future studies should also explore the corneal
effects of other neurotoxic chemotherapy drugs,
including vinca alkaloids, epothilones, immunomodu-
latory therapies, and proteasome inhibitors.

The current study presents evidence of corneal
nerve loss in patients who have completed paclitaxel
and oxaliplatin. Patients treated with either paclitaxel
or oxaliplatin with more severe reduction in corneal
nerve parameters was associated with reduced fine
dexterity of the hands. Larger studies involving a
longitudinal design will be of value in the future to
investigate the potential of in vivo corneal confocal
microscopy in identifying corneal nerve changes during
treatment.
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