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Abstract We describe a patient with ultra-rare disease,
alkaptonuria, who developed tyrosine keratopathy following
nitisinone therapy of 2 mg on alternate days. His vision became
impaired approximately 7 weeks following the commencement
of nitisinone and ophthalmological examination at week nine
showed characteristic dendritic keratopathy associated with
tyrosinaemia. The corneal lesion as well as his visual symptoms
normalized completely following discontinuation of nitisinone.
This is the first documented report of keratopathy due to
acquired tyrosinaemia due to very low-dose nitisinone.

Introduction
Alkaptonuria (AKU) is a rare inherited metabolic disorder

with severe premature spondyloarthropathy as a major
manifestation (Phornphutkul et al. 2002). Although joint
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disease is a major feature, virtually all connective tissues
are affected leading to a variety of clinical features and
complications (Helliwell et al. 2008). A promising new
agent, called nitisinone, is available for the treatment of
AKU (McKiernan 2006). Early nitisinone therapy is likely
to prevent morbidity but may only slow or arrest disease
progression if started later. Nitisinone is not yet licensed for
AKU; therefore, safety is an important issue and potential
adverse effects are of interest to those involved in the
management of metabolic disorders.

Alkaptonuria is a rare inborn error of metabolism
characterized by high circulating homogentisic acid
(HGA) due to a genetic defect in the enzyme homogentisate
dioxygenase (HGD) (Phornphutkul et al. 2002). The main
pathophysiological event is conversion of HGA to a
polymeric melanin-like pigment and binding of this
pigment to connective tissue, especially cartilage. This
process takes many years and is known as ochronosis
(Zannoni et al. 1969). The damaging effects of ochronosis
include arthritis (especially in the spine and large weight
bearing joints), stones (renal, prostatic, gall bladder and
salivary), cardiac valve disease especially aortic (Good-
fellow et al. 2005), ruptures (muscle, tendons and liga-
ments), osteopenia and fractures (O’Brien et al. 1963).
Virtually all connective tissue is affected.

Nitisinone inhibits p-hydroxyphenyl pyruvate dioxyge-
nase, the enzyme leading to the formation of HGA (Lock
et al. 1998). In keeping with the mode of action of
nitisinone, circulating tyrosine increases. The tyrosinaemia
that occurs during nitisinone treatment resembles hereditary
tyrosinaemia type 3. Adverse effects known to be associ-
ated with tyrosinaemia include corneal and dermal toxicity
(Meissner et al. 2008). Therefore, skin rash and dendritic
keratopathy might be expected in some patients with a
nitisinone-induced tyrosinaemia.

@ Springer



JIMD Reports

Nitisinone at a dose of 1-2 mg/kg/day has been widely
used for more than 20 years in the treatment of a life-
threatening condition called hereditary tyrosinaemia type 1
(HT-1) (Lindstedt et al. 1992). Corneal involvement is not
part of the natural history in HT-1. Corneal lesions in
medically managed HT-1 are reported as being rare
(Masurel-Paulet et al. 2008; Gissen et al. 2003) with less
than 7.4% frequency in one large series of 176 HT-1
patients treated with nitisinone (Holme and Linstedt 1998).
Another report on 46 HT-1 patients noted 8.7% prevalence
of keratitis with nitisinone treatment (Masurel-Paulet et al.
2008). A smaller series reported no eye symptoms or
keratopathy in 11 HT-1 patients treated with nitisinone
despite seeing high circulating tyrosine concentrations in
several patients (Gissen et al. 2003).

In contrast to the quantities of nitisinone employed in HT-1
to prevent hepatic and renal pathology, the dose of nitisinone
that decreases homogentisic acid in AKU by greater than
95% 1is only 2 mg daily, or approximately 5% of the dose
used in HT-1. This is based on the experience of using
nitisinone in the National Institutes of Health, USA (Phorn-
phutkul et al. 2002; Suwannarat et al. 2005; Introne et al.
2011). However, one patient in the clinical trial of nitisinone
in AKU developed corneal keratopathy that resolved fully
with discontinuation of nitisinone (Introne et al. 2011).

Nitisinone is not licensed for the management of AKU at
present. However, nitisinone continues to be used by
physicians in AKU due to its plausible mode of action
and efficacy in decreasing serum and urine HGA. Although
the dose is much lower than that in HT-1, safety is clearly
paramount when using an unlicensed product and we
describe one patient with AKU on very low dose of
nitisinone who developed symptomatic corneal keratopathy.

Case Report

A 21-year-old man (Mr X) was referred to the Liverpool for
the management of his AKU. Apart from dark urine he did
not have many symptoms of AKU, although he did
experience back pain intermittently. The Department of
Health National Specialised Services (NSCT) designated
the Royal Liverpool University Hospital to host the
National Alkaptonuria Service (NAS) in April 2012. The
following case report data was collected as part of
providing that service. The data from the NAS is being
published as a clinical practice article. The NAS has been
allowed to administer nitisinone up to 2 mg daily to people
with AKU with all appropriate assessments and monitoring
in place. Mr X attended the NAS in August 2012 and after
baseline assessments that included measurement of visual
acuity (6/5 unaided either eye), slit lamp examination of his
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eyes plus slit lamp photography to demonstrate clarity of
the cornea and also document any scleral pigmentation
(Fig. 1a), he was commenced on nitisinone 2 mg alternate
days and discharged with a dietary and a safety monitoring
plan. Approximately 7 weeks after commencing nitisinone
2 mg, he noticed increasing epiphora on alternate evenings
while watching television; by the following morning the
ocular symptoms had resolved. He did not admit any pain,
redness of eye or significant blurring of vision. The
symptoms progressed sufficiently for him to contact the
NAS at week 9, when his nitisinone was discontinued. At
this stage his visual acuity was noticed to be reduced in the
right eye (6/9 unaided in the right eye, 6/5 unaided in the
left) and slit lamp examination demonstrated a dendritic
corneal opacity typical of tyrosine keratopathy (Fig. 1b). A
blood sample collected at this time showed that his serum
tyrosine was 941 pumol/L (reference range 30—90 pmol/L)
(Table 2). Conjunctival swab for Herpes Simplex virus
PCR was negative. During his assessments at this time he
admitted that he was finding it difficult to modify his diet
following nitisinone therapy despite having received die-
tetic counselling to decrease his protein intake. He was
86.9 kg in weight and 1.74 M in height with a body mass
index of 28.7 kg/M?. He also had an itchy urticarial skin
rash at the same time his ocular symptoms and with the
same diurnal variation (Fig. 2). The rest of the physical
examination was within normal limits with a blood pressure
of 116/70 mmHg and pulse rate of 70 bpm.

The patient was free-living and his diet was assessed by
means of a 7-day food diary at baseline pre-nitisinone
when he was consuming 85 g protein per day pre-nitisinone
(1 g/kg body weight) and he was asked to reduce this to
0.8 g/kg body weight as he was commencing nitisinone.
Once he developed keratopathy, following a washout of
nitisinone over a month, he was asked to decrease his
protein intake to 0.6 g/kg body weight before he could
commence nitisinone. At year 1 review he was estimated to
be consuming 0.8 g/kg body weight of protein based on a
7-day food diary analysis.

Following the discontinuation of nitisinone, his
ocular symptoms, keratopathy and skin rash all resolved.
Figure 1c shows a reduction of corneal opacity at 1 week
following cessation of nitisinone and Fig. 1d shows no
visible keratopathy at 1 year follow-up (visual acuity
returned to 6/5 unaided). Figure 2b shows resolution of
the skin rash.

He was trialled on nitisinone 2 mg once a week, which
he was able to tolerate fully, with his diet and lifestyle. His
liver and renal profiles were monitored and data is shown in
Table 1. His transaminases increased to less than three
times upper reference intervals and were simply monitored.
The metabolic data is shown in Table 2.
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Fig. 1 Slit lamp examination of the eyes plus slit lamp photography 1 week following cessation of nitisinone and (d) no visible
showing (a) clarity of the cornea, (b) a dendritiform corneal opacity keratopathy at 1 year follow-up
typical of tyrosine keratopathy, (¢) a reduction of corneal opacity at

Fig. 2 (a) Itchy urticarial skin rash on nitisinone and (b) resolution of the skin rash following cessation of nitisinone
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Table 1 Summary of liver and renal profiles

Analyte Ref range Pre-nitisinone 9 weeks post-nitisinone Year 1 review
ALT <35 wL 46 69 111

Alkaline phosphatase 35-125 w/L 91 90 80

vGT <50 WL 31 35 37

Urea 2.5-7.0 mmol/L 53 6.1 53

Creatinine 50-130 pmol/L 84 97 69

eGFR >60 mL/min >90 85 >90

Table 2 Metabolic data including serum tyrosine

Urine Serum Serum
homogentisic homogentisic tyrosine
acid (mmol/day)  acid (umol/l) (pumol/1)
Baseline 14,246 33 42
2 days post 12,773 10.8 384
nitisinone
2 mg
9 weeks - - 941
2 mg alt days
12 months 2,880 (80%]) 16.7* (49%) 582
2 mg weekly

2uyHGA,; and sHGA decreased at 4 weeks by 80 and 49%
respectively compared with baseline

Discussion

This is the second published report of tyrosine keratopathy
in AKU. The present case is remarkable in that the dose of
nitisinone leading to the keratopathy was effectively 1 mg
daily, given the very long half-life of nitisinone of 54 h
(SPC for Orfadin™ 2 mg capsules: http://www.ema.europa.
eu/docs/en_GB/document_library/EPAR_-_Product_Infor-
mation/human/000555/WC500049195.pdf). This is the
lowest dose of nitisinone reported to have resulted in
tyrosine keratopathy.

The previous report on tyrosine keratopathy in AKU
employed 2 mg daily in the NIH clinical trial (Introne et al.
2011). A 48-year-old male developed corneal irritation
6 weeks after commencing nitisinone 2 mg daily. Slit lamp
examination showed branching, sub-epithelial opacities con-
sistent with the classic pattern previously seen with tyrosine
crystal deposition. The patient was tried on a protein
restricted diet but the ocular findings and symptoms were
unchanged. Nitisinone was discontinued and the patient made
a complete recovery. Two attempts were made to restart
nitisinone; on each subsequent attempt, symptoms recurred.
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Nitisinone was stopped permanently. In the NIH study
dietary protein was not restricted in the adults enrolled.
Plasma tyrosine levels averaged 800 puM, with individual
levels reaching as high as 1,500 pM; these levels were
remarkably well tolerated. The single individual who
developed a keratopathy classical for tyrosine toxicity
approximately 6 weeks following initiation of oral nitisinone
showed plasma tyrosine levels, measured while symptomatic,
approximately 200 pM below the average for the treated
cohort. Thus, the conclusion of the investigators in the NIH
study was that about 5% of the AKU population might
experience corneal toxicity as a result of nitisinone-induced
tyrosinaemia, regardless of the specific plasma tyrosine level,
suggesting that some predisposition to toxicity exists inde-
pendent of the peak plasma tyrosine concentration.

The data in the present case shows that circulating
tyrosine increases rapidly following the commencement of
nitisinone counterbalancing the decrease in serum and urine
HGA. Despite counselling, this patient was unable to
decrease his protein intake sufficiently to minimize the
increase in circulating tyrosine. The disappearance of
symptoms and the improvement of his keratopathy and
skin rash within a week of discontinuing nitisinone suggest
that tyrosinaemia was the causal factor. There are published
reports of poor compliance with diet leading to an
exaggerated tyrosinaemia post-nitisinone when used in the
treatment of HT-1 (Ahamad et al. 2002).

An interesting feature of the ocular symptoms was that
these occurred in the evenings and also every other day.
This may be consistent with the diurnal variation in the
circulating tyrosine, known to be higher late in the day and
lowest first thing in the morning (Fernstrom et al. 1979). A
similar diurnal variation in ocular pain in the evenings has
been reported previously (Schauwvlieghe et al. 2012). The
symptoms on alternate days could be explained by the
nitisinone dosing on alternate days; he could clarify
whether his symptoms were on the day of administering
nitisinone or the following.

The lack of correlation between serum tyrosine and
keratopathy may reflect differences in tyrosine concentra-
tions in different body pools, namely that the ocular
anterior chamber tyrosine may be much higher than
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circulating tyrosine as has been suggested previously (Lock
et al. 1996), and local factors may be important in
determining the size of each tyrosine pool.

Monitoring of circulating tyrosine is important and the
aim is to try to maintain these below 700 puM wherever
possible; low protein diet is reinforced to achieve levels of
serum tyrosine below 500 pM wherever possible. It is
noteworthy that other patients in the National AKU Centre
with much higher circulating tyrosine levels do not
show any ocular or skin symptoms. The one other report
of keratopathy on 2 mg daily when used in AKU
describes circulating tyrosine of 200 pM lower than the
average values post-nitisinone reported as being
670-826 uM, i.e. 470—626 pM, although the exact value
is not stated in the manuscript (Introne et al. 2011). Clearly
factors other than just circulating tyrosine concentrations
determine which patient on nitisinone develops ocular
toxicity.

The important feature of keratopathy post-nitisinone is
that it is fully reversible upon discontinuation, when
identified and acted upon swiftly. With the potential for
greater use of nitisinone in AKU, physicians need to be
aware of this easily manageable complication, and further
research may be required to identify an alternative
treatment for ochronosis in these patients.

Our patient also had an itchy skin rash showing the same
temporal relationship with the keratopathy. The close
relationship would suggest that the causal factor is similar
for both these complications, namely tyrosine. The pub-
lished literature in this area is unclear on the relationship
between the tyrosinaemia and skin lesions. Despite this
cutaneous manifestations of tyrosinaemia have been
described previously (Meissner et al. 2008).

We thus conclude that even very low doses of nitisinone,
an inhibitor of a key enzyme in the tyrosine degradation
pathway, can lead to tyrosine crystal keratopathy.
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This manuscript has not been published elsewhere.
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Stewart RMK, Briggs MC, Jarvis JC, Gallagher JA and
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All procedures followed were in accordance with the
ethical standards of the responsible committee on human
experimentation (institutional and national) and with the
Helsinki Declaration of 1975, as revised in 2000. In
addition, the institutional review body (Royal Liverpool
University Hospital) explicitly approved the National
Alkaptonuria Service from which this data was generated.

Informed consent was obtained from all patients for
being included in the study. This is being published as a
clinical practice article and standard research ethics process
is not therefore appropriate. The data from this patient have
been completely anonymised to ensure he is not recognized
from the publication of this manuscript. The data obtained
were following standard clinical assessments upon referral
to the National Alkaptonuria Service in Liverpool. Patients
are informed verbally and through being handwritten
materials about the activities of the National AKU Service.
They are explicitly informed in the Patient information
booklet of the National AKU Service that:

We could publish results from the study but if we do,
we will make sure you cannot be identified in any
way. All data used for publicity or for other research
purposes will ensure total anonymity. Please let us
know when you are visiting Ward 9 B (where the
National AKU Service is located) that you understand
this and have no objection to it.

All the ocular photos were acquired during the standard
assessments during the patient visit.

The skin rash photos were acquired following specific
consent obtained by the medical photography department
employing standard hospital guidance.
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