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Key Clinical Message

We report on the successful use of chemotherapy for treatment of stage 2B tes-
ticular seminoma in a carrier of the Leber's hereditary optic neuropathy 11778
mitochondrial mutation. Neurotoxic chemotherapy may not prompt disease
conversion.
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1 | INTRODUCTION

Leber's hereditary optic neuropathy (LHON) is one of
the most prevalent inherited mitochondrial disorders
and the most common mitochondrial optic neuropathy.'
The condition has been reported to be held as a carrier
gene mutation in up to 1 in 9000 people and affect as
many as 1 in 30,000 individuals of European ancestry.!
It exhibits a heavy male predominance with 80%-90% of
those affected being male.? The disorder typically pres-
ents within the second and third decade of life and is
characterized by progressive optic neuropathy which
can result in irreversible bilateral central vision loss."
Therapies for LHON are limited with only one treatment
registered for use (idebenone) and ongoing clinical trials
for other disease-modifying treatments including gene
therapy.®*

The disorder is most commonly caused by mutations
on nucleotide positions 3460, 11778, and 14484 of mito-
chondrial DNA.” These mutations predominantly affect
genes encoding the subunit proteins of NADH dehydro-
genase or complex I in the mitochondrial respiratory
chain.* This is thought to result in dysfunction of oxi-
dative phosphorylation with reduced adenosine triphos-
phate production and an increase in reactive oxygen
species.®” Cybrid experimentation on cell lines trans-
mutated with mitochondrial DNA (mtDNA) possessing
these LHON-associated mutations have demonstrated
greater susceptibility to apoptotic cell death via the
fatty acid synthesis (FAS) and apoptosis-inducing factor
pathways.®’ These changes are thought to subsequently
result in retinal ganglion cell degeneration and conse-
quent optic neuropathy.'

Environmental exposures including toxic medica-
tions, smoking, and significant alcohol intake have
been associated with activation of disease in carriers
resulting in vision loss.!® For this reason, LHON pa-
tients with malignancy have presented a therapeutic
dilemma, balancing a fear of chemotherapy-induced vi-
sion loss against the threat of the malignancy requiring
treatment.

2 | CASE HISTORY

A 3l-year-old male had been diagnosed as a carrier of
the LHON 11778 mutation after familial genetic testing
prompted by a relative's diagnosis of LHON. His mater-
nal uncle had become blind at age 28 following a course
of antibiotic therapy, possibly compounded by other be-
havioral and environmental exposures including excess
alcohol intake and passive smoking. Our patient had not
experienced any visual loss.

Localized testicular cancer was diagnosed in our pa-
tient following investigations for infertility. In 2016, a left-
sided testicular mass was identified on scrotal ultrasound.
Staging imaging showed no evidence of metastatic dis-
ease. A left orchidectomy was performed with histopathol-
ogy demonstrating 45-mm (pT1) pure seminoma without
lymphovascular invasion and no rete testis involvement.
Adjuvant chemotherapy was discussed but due to the low
risk of recurrence and concern regarding chemotherapy-
induced conversion of LHON, the patient instead chose to
undergo active surveillance.

3 | PROGRESSION,
INVESTIGATIONS AND
TREATMENT

Surveillance imaging 13months post-orchidectomy in
2017 with computed tomography (CT) of the abdomen/
pelvis (Figure 1) demonstrated disease recurrence and
progression to metastatic testicular seminoma stage 2B,
with evidence of a new 37-mm para-aortic lymph node.
Positron emission tomography (PET) imaging confirmed
an isolated glucose avid lesion consistent with a site of ac-
tive disease. He was referred for radiotherapy due to con-
cerns for LHON conversion secondary to cisplatin-based
chemotherapy (BEP). The patient was deemed not suit-
able for radiotherapy given unacceptable levels of left kid-
ney irradiation required due to the extent of macroscopic
disease and the tumor proximity to the renal hilum. The
patient elected not to receive bleomycin given his uncle's

FIGURE 1 Surveillance imaging
with CT abdomen/pelvis in 2017
demonstrating disease recurrence and
progression to metastatic testicular
seminoma stage 2B with evidence of a
new 37-mm para-aortic lymph node.
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reported conversion following exposure to glycopeptide
antibiotic therapy and case reports of conversion in the
literature following erythromycin,'! instead receiving four
cycles of cisplatin and etoposide. High-dose intravenous
vitamin C was administered during the last week of each
chemotherapy cycle, with a previous study reporting a
benefit of supplementation in LHON.? This was in addi-
tion to regular supplements idebenone 500 mg daily and
coenzyme Q10 150mg twice daily, taken in consultation
with his neuro-ophthalmologist during treatment cycles.

4 | OUTCOME AND FOLLOW-UP
Following treatment, interval resolution was seen in the
left para-aortic lymph node on progress MRI in 2019. Our
patient did develop transient Grade 1 sensory neuropathy
after cycle 2 of chemotherapy. There was no deterioration
of vision during the course of the treatment and he cur-
rently remains asymptomatic from a visual perspective
5years post-completion of chemotherapy. He had no evi-
dence of cancer recurrence and he was discharged from
regular oncology follow-up.

5 | DISCUSSION

Exposure to chemotherapy may conceivably represent
an environmental trigger for LHON conversion, as the
pathophysiology of LHON is postulated to involve cellu-
lar apoptotic sensitivity.” Neurotoxicity is a well-known
possible complication of chemotherapy such as platinum
agents, taxanes and bortezimib, typically occurring in a
dose-dependent manner with pre-existing neuropathies
serving as important potential risk factors." In this way,
patients with congenital neuropathies presenting with
malignancy pose a difficult challenge in selecting the ap-
propriate chemotherapy regimen to both minimize toxic-
ity and provide optimal efficacy.

In consideration of the cytotoxics used in our case,
although cisplatin commonly causes large fiber sensory
neuropathy it could also have been thought to mediate
mitochondrial damage relevant to the pathogenesis of
LHON. Cisplatin preferentially has uptake in the dor-
sal root ganglia resulting in a dose-dependent large fiber
sensory neuropathy.’* The mechanism thought to un-
derpin this involves DNA binding and interruption of
synthesis which has been shown to cause inhibition of
axonal growth, alterations to sensory ganglion cell body
nucleoli, and neuronal atrophy.14 These effects however
may manifest at lower cumulative dose totals if risk
factors including a background history of neuropathy
are present.'* Cisplatin has also been shown to mediate
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mitochondrial damage in tumor-bearing mice studies
via the oxidation of proteins and lipids via decreased
antioxidant activity and increased free radicals."”
Furthermore, data linkage studies have demonstrated
an association between cisplatin-induced ototoxicity
and mitochondrial haplogroup J (also associated with
LHON)." Cisplatin neuropathy could theoretically also
be mediated via alternate mitochondrial pathways, af-
fecting those with mitochondrial mutations who may be
more vulnerable. It is interesting that despite these the-
oretical risks of exposure and the potential role for the
mitochondrion in the pathogenesis of certain chemo-
therapy toxicity, this was not supported in our case. One
explanation for this could be through viewing LHON as
a disorder predominantly of "mitochondrial dysfunc-
tion" as opposed to being mediated via the same cyto-
toxic biomolecular pathways in which chemotherapy
classically exert their neuropathic effects. Other drugs
which are known to cause conversion of LHON are asso-
ciated with mitochondrial effects, including erythromy-
cin which was shown to cause blindness in one LHON
patient as well as inhibition of cybrids containing their
11778 mitochondrial DNA.!! On this basis, chemother-
apeutic choice may then be analyzed based on their risk
to the mitochondrion and ROS generation rather than
purely the risk of neuropathy.

There are two other documented cases in the liter-
ature of successful administration of chemotherapy in
LHON patients. The first case report detailed the suc-
cessful treatment of a 36-year-old male with LHON
(11778 mtDNA mutation) and stage 2A non-Hodgkin's
lymphoma with six cycles of dose reduced cyclophos-
phamide, vincristine, epirubicin, and prednisolone.’
The patient had no observed acute or chronic side ef-
fects for 4 years following treatment at the time of pub-
lication. An in vitro assay performed on the patient's
mononuclear peripheral blood cells did not demon-
strate altered vulnerability to mafosfamide and hence
the authors concluded that the 11778 mutation did not
clinically change cellular response to cytotoxic therapy.
The second case involved use of intrathecal methotrex-
ate for treatment of acute lymphoblastic leukemia in
a 3-year-old patient.'” Marked leukoencephalopathic
changes were observed on brain magnetic resonance
imaging but measured language skills remained stable.
No visual impairment or disease conversion as a con-
sequence of therapy had been reported by the authors.
It is interesting that methotrexate in this case did not
cause conversion particularly given its folate inhibition
has been shown to result in a severe optic neuropathy
which is thought to be mediated by mitochondrial dys-
function, even resulting in similar visual field deficits as
LHON in one case report.'"® To our knowledge, and as
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noted by other studies, there are no documented cases of
chemotherapeutics resulting in LHON conversion and
blindness."’

The relative safety of chemotherapy in LHON may be
bolstered through the use of adjunct antioxidant treat-
ments. Our patient was treated with high-dose vitamin C
based on evidence of faster visual recovery for LHON pa-
tients noted in one study for those treated with idebenone,
vitamins B2 and C.'? Some studies have shown improved
biochemical marker profiles, compound muscle action
potential amplitudes and motor performance in rats with
cisplatin-induced neuropathy treated with vitamin C.*
However, the role of chemoprotective agents more gen-
erally in mitigating the neurotoxicity of platin-based che-
motherapy agents remains controversial, with insufficient
evidence to support routine use. There have been tradi-
tional concerns that treatment efficacy may be compro-
mised by antioxidant activity, although this has not been
supported in the literature as found by one systematic re-
view.! However, there could perhaps be a greater role for
antioxidants in patients with pre-existing congenital neu-
ropathies such as LHON who are undergoing cytotoxic
therapy.

We would argue that LHON is not an absolute con-
traindication to use of chemotherapy. The incidence of
neuropathy associated with a specific chemotherapy drug
does not appear to increase the risk of LHON, and instead
selection should be based on risk of mitochondrial effects.
This case demonstrates a further example of a case of he-
reditary optic neuropathy without conversion following
exposure to cytotoxic therapy. We would propose the need
for further studies to assess the safety of chemotherapeu-
tic regimens in these patients to prevent an entire cohort
of individuals from being excluded from potentially effi-
cacious lines of treatment which may not necessarily pose
the risks previously thought.
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