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Abstract

While nephropathic cystinosis is classically thought of as a childhood disease, with improved treatments, patients are more
commonly living into adulthood. We performed a systematic review of the literature available on what complications this
population faces as it ages. Nearly every organ system is affected in cystinosis, either from the disease itself or from sequelae
of kidney transplantation. While cysteamine is known to delay the onset of end-stage kidney disease, its effects on other
complications of cystinosis are less well determined. More common adult-onset complications include myopathy, diabetes,
and hypothyroidism. Some less common complications, such as neurologic dysfunction, can still have a profound impact on
those with cystinosis. Areas for further research in this area include additional study of the impact of cysteamine on the nonrenal
manifestations of cystinosis, as well as possible avenues for new and novel treatments.
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Introduction

Nephropathic cystinosis (OMIM #219800 and 219900) is a
rare autosomal recessive disorder due to one of over a hundred
known mutations in the lysosomal cystine transporter,
cystinosin, and is the most frequent cause of an inherited renal
Fanconi syndrome [1]. While the disorder was initially
thought to result from cystine crystal deposition in organs,
the biology of cystinosis has been broadened to include many
disturbances in intracellular signaling from the absence of
cystinosin functions [2].

Therapy for cystinosis began with the demonstration that
administration of oral cysteamine bitartrate was able to lower
a biomarker of the disease, white blood cell cystine levels,
towards normal, and with success of such therapy, patients
were able to live well beyond infancy [3].

While exact numbers of living patients are not known
worldwide, estimates suggest that most affected children will
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live well into the adult years if treated early after diagnosis
with a cystine-depleting agent. Since the outlook for living
into adulthood is now more a reality than ever before, we
undertook a systematic review to ascertain what is known
about adult complications, and to set the stage for future
studies.

Methods

In order to obtain all of the papers pertaining to adults with
cystinosis, the Pubmed, Scopus, Embase, Web of Science, and
CENTRAL databases were queried with the search terms
“cystinosis” and “adult.” Only papers published between the
years 1988 and 2018 were included. All abstracts were
reviewed. Those in which the abstract had a clear indication
to be excluded were not full text reviewed, while all other
papers were full text reviewed. Exclusion criteria were as fol-
lows: studies that only included children (if a paper was most-
ly about children, but there were at least two subjects ages 18
or older, or one subject age 20 or older, then it was included),
papers about patients with either ocular cystinosis or juvenile
cystinosis, review articles, genetic and gene expression stud-
ies, biopsy analyses, biomarker studies, pharmacokinetic stud-
ies, papers not in English, and case reports in which the focus
was that the patient had a second disease unrelated to
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cystinosis. Included papers were then reviewed, and key
points were extracted and sorted by the relevant organ system.
The level of evidence for each paper was determined using the
Oxford Centre for Evidence-based Medicine’s Levels of
Evidence [4] (see Supplement 1). Figure 1 shows how we
arrived at the final included articles for this review.

For each organ system, a figure was then generated that
included each paper relevant to that organ system, with the
corresponding number of patients in each study. For studies that
only included adults, the bar was made lilac. For those studies
that included a mix of adults and children, but it was possible to
determine the number of adults in the study, the number of
adults was used as the number of patients, and the bar on the
graph was also made lilac. For those studies that included both
children and adults, and it was impossible to determine how
many adults were in the study, the total number of patients was
used, but the bar was made green rather than lilac. All case
reports were placed on the right-hand side of the graph, and
the number of patients for these was set to one.

Results
Cardiovascular

While the cardiovascular system is not traditionally thought to
be involved in nephropathic cystinosis, some studies have
shown that cardiovascular complications can and do occur
(see Fig. 2a). In one cohort study, researchers found that three
out of seven patients had abnormal EKGs [5]. Another cohort

study demonstrated that 31% of patients in their cohort of 100
had vascular calcifications, and 22% had cerebral calcifica-
tions [6].

One study looked deeper into the presence of vascular
calcifications in patients with cystinosis. In this study, re-
searchers reviewed CT scans of 41 post-transplant patients
[7]. They found that 32% of patients had vascular calcifi-
cations, and of those, 85% had coronary artery calcifica-
tions. They also noted that one patient required three-
vessel coronary artery bypass graft surgery at age 25.
They found that those with calcifications were older and
were more likely to have diabetes (a known complication;
see endocrine complications herein). They found that not
only did the rate of vascular calcification correlate directly
with duration of life without cysteamine, and correlated
inversely with duration of life with cysteamine, but that
the amount of time spent on dialysis did not differ be-
tween the groups that did and did not have vascular calci-
fications, suggesting that cystine plays a causative role,
and that this is not simply a direct result from end-stage
renal disease (ESRD).

Another study looked at noninvasive measurements of
atherosclerosis, such as carotid intima-media thickness,
pulse-wave velocity, and pulse-wave analysis [8]. This
study found normal measurement of these values once
corrected for chronic kidney disease stage, despite the
high level of comorbidities in this patient population.
While there was no association between the carotid
intima-media thickness and cysteamine treatment, the
sample size was quite small.

Pubmed Embase CENTRAL Scopus Web of Science
1988-2018 1988-2018 1988-2018 1988-2018 1988-2018
213 Citation(s) 334 Citation(s) 14 Citation(s) 314 Citation(s) 102 Citation(s)

S~

409 Non-Duplicate
Citations Reviewed

Inclusion/Exclusion
Criteria Applied

128 Articles Included

Fig. 1 PRISMA diagram
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Fig. 2 Studies on a cardiovascular complications of nephropathic
cystinosis (8 total, with 4 case reports), b dermatologic complications of
nephropathic cystinosis (2 total, with 1 case report), ¢ hematologic

In addition to the cohort studies noted above, there have
also been a few case reports describing cardiovascular com-
plications of cystinosis. One case report describes a patient
with heart failure with biventricular hypertrophy who ulti-
mately died from a ruptured abdominal aortic aneurysm [9].
His cardiac autopsy showed crystals with cystine in interstitial
histiocytes within his heart, suggesting that cystine crystals
can deposit in the heart. A second case report describes a
woman with cystinosis who had a proximal aortic dissection
[10]. The authors of this paper posit several possible etiologies
for aortopathy in cystinosis, including malnutrition, chronic
inflammation, oxidative stress, and hemodynamic stress (as
aresult of ESRD). It is worth noting that neither of the patients
in these case reports received cysteamine.

A third case report discussed a young woman with
cystinosis who was found to have isolated ventricular
noncompaction, which is a congenital disorder not known
to be associated with cystinosis [11]. While the authors
acknowledged that the two were unlikely to be related,
they reported the case so that if further cases were found,
a correlation could be thought about. Finally, there has
been a case of pregnancy-associated cardiomyopathy in a
patient with cystinosis [12]. While her cardiomyopathy
could have been only related to her pregnancy, she had
also stopped taking cysteamine during her pregnancy (as
it is classified as a risk for fetopathy). Her cardiac function
eventually recovered, possibly because she was no longer
pregnant, or perhaps because she had restarted cysteamine.

complications of nephropathic cystinosis (11 total, with 10 case
reports), and d urinary complications of nephropathic cystinosis (2
total, with 2 case reports)

Dermatologic

While the skin can be affected in cystinosis, the effects of
cystine deposition in the skin do not appear to be harmful.
One study followed four patients with cystinosis after renal
transplantation who had facial features mimicking premature
aging, such as skin atrophy and telangiectasias [13]. On skin
biopsy, intracytoplasmic cystine deposits were found within
fibroblasts and macrophages. Another case report describes a
patient with skin-colored dome-shaped papules on the face,
who was also found to have deposition of cystine in the skin
on biopsy [14]. While we focused on dermatological issues in
adults, it is noteworthy that a unique vasculopathy associated
with high doses of cysteamine bitartrate compounds has been
described in children prior to kidney transplantation consisting
of skin striae and purple or red lesions on the elbows [15], but
we found no such reports in adults. The studies affecting the
dermatologic system are summarized in Fig. 2b.

Endocrine

The earliest and most common endocrine complication is hy-
pothyroidism, affecting 17-89% of individuals with cystinosis
[5, 6, 16-23], with an onset at around age 13 [16]. Two studies
showed a difference in hypothyroidism rate between patients
treated with cysteamine and those who were not (56% vs. 87%
[2] and < 10% vs. 79% [12]), suggesting that cysteamine re-
duces the risk of developing hypothyroidism. Multiple other
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studies showed a similar relationship between cysteamine use
and decreased rate of hypothyroidism [16, 18, 19]. While the
etiology of hypothyroidism in cystinosis has not been eluci-
dated, a case report showed deposition of cystine crystals in
macrophages of the thyroid, suggesting that this may be the
mechanism. However, this patient was not reported to have
hypothyroidism, so it is unclear if the deposition is in fact
pathogenic [24]. This possible mechanism is consistent with
the observation that the rate of hypothyroidism decreases with
cysteamine use.

Diabetes is also a common manifestation of nephropathic
cystinosis, though the rate of diabetes has ranged considerably
in studies, from 7 to 54% [6, 16, 18-20, 22, 23, 25, 26]. This
wide variety of rates likely reflects the effects of cysteamine,
as the rates of diabetes also decrease with the use of cyste-
amine [6, 16, 18, 19]. It is worth noting that even those who do
not develop overt diabetes are at higher risk for developing
impaired glucose tolerance [25, 26]. Only one cohort study
explicitly stated that they found no evidence of diabetes—in
that study of 18 patients, all patients had normal hemoglobin
A1C measurements [21]. The etiology of diabetes and im-
paired glucose tolerance in cysteamine appears to be multifac-
torial. One study showed an absolute reduction in insulin pro-
duction in individuals with cystinosis, without evidence for
antibodies against insulin and beta cells [27]. In addition, high
doses of steroids given to patients to prevent transplant rejec-
tion also plays a role in the high rates of diabetes [25]. Steroid
use is unlikely to be the sole mechanism, as patients with
cystinosis have higher rates of diabetes than those with renal
transplants for other reasons [25].

Short stature is almost universal for patients with cystinosis,
accompanied by delayed bone age [5, 17-21, 26, 28, 29].
Often, patients with cystinosis are 2-3 standard deviations be-
low average height [18]. Cysteamine treatment has been corre-
lated with improved growth [17, 19], as has renal transplant
[29], which suggests that the etiology of impaired growth is
likely from renal disease as well as cystinosis itself. Some pa-
tients are treated with recombinant growth hormone, which has
been shown to increase growth velocity [19, 30, 31].

In males, cystinosis can cause hypergonadotropic
hypogonadism, characterized by elevated LH and FSH, with
normal testosterone [6, 16, 28, 29, 31, 32] (though significant-
ly lower on average than those without cystinosis [28]) and
decreased sperm production. Some have speculated that this
may be a side effect of cysteamine [32]; however, testicular
biopsies have shown cystine deposition [28, 29, 32], suggest-
ing that this may be caused by cystinosis itself. Only one case
report of a man with cystinosis fathering a child was found. In
that instance, he had normal hormone levels, but had azoo-
spermia, and underwent percutaneous epididymal sperm aspi-
ration, followed by in vitro fertilization [33].

Both men and women experience pubertal delay, with the
average age of onset of puberty at 15.5 years for men and 15

@ Springer

for women [20, 26, 28, 29, 34]. However, it seems that women
are less likely to experience reproductive effects of cystinosis.
Four case reports of women with cystinosis who gave birth
were found in this review [12, 35-37]. One of these four
patients developed cardiomyopathy following a stillbirth (de-
scribed above) [12], but the other three either had normal,
healthy pregnancies, or experienced very common complica-
tions of pregnancy (i.e., pre-eclampsia [35] and cervical insuf-
ficiency [37]). In one case, cystine deposits in the placenta
were found [35].

Other case reports pertaining to endocrine complications of
cystinosis include one that followed a patient with cystinosis
through age 28 which noted he developed hypothyroidism at
age nine [38], a patient with a painless scrotal swelling, which
was found to be due to extensive deposits of cystine in testic-
ular interstitial histiocytes [39], and a patient who developed
several endocrine complications, including adrenal insuffi-
ciency, hypothyroidism, hypogonadism, and
hyperprolactinemia [30]. These endocrine complications and
their sources are summarized in Fig. 3.

Gastrointestinal

Gastrointestinal manifestations of nephropathic cystinosis are
universal (see Fig. 4a). The most common reported symptom
is periods of nausea and vomiting [40], which is often
transient—sometimes appearing as a new symptom, and
sometimes disappearing with time. Many patients with
cystinosis report poor appetite, which is consistent with their
below average height and weights below the Sth percentile
[40]. Other reported symptoms include constipation, diarrhea,
and abdominal pain. Swallowing dysfunction and gastro-
esophageal reflux are also common [23, 40]. In one survey
of 200 patients, 50% underwent a GI evaluation, and 43% of
those who underwent endoscopy were found to have GERD
[40]. About 25% had swallowing dysfunction, and 20% had
dysmotility. Another study looking specifically at swallowing
dysfunction found that 74% of patients reported a swallowing
abnormality, while oral and esophageal abnormalities on bar-
ium swallow study were 24% and 73%, respectively [41]. An
earlier, smaller study by the same author goes through the
specific swallowing abnormalities that can be seen in these
patients in each phase of swallowing [42]. This swallowing
dysfunction is primarily thought to be musculoskeletal in or-
igin, so it will be discussed later. Overall, these gastrointestinal
symptoms can be so severe that in some surveys between 14
and 78% of patients had PEG tubes placed to help with nutri-
tion [5, 21, 40].

Liver enlargement, splenomegaly, and portal hypertension
can also occur, with rates that range from 3 to 5% [6, 19, 22].
In case reports and small case series, liver biopsies have
shown cystine deposition in Kupffer cells in the liver, which
is thought to be the etiology of liver enlargement and liver-
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Fig. 3 Studies on endocrine complications of nephropathic cystinosis (26 total, with 9 case reports)

protein synthetic dysfunction in cystinosis [24, 30, 43—46]. In
one set of two case reports, the liver biopsies were described
as having “sclerosing cholangitis,” meaning bile ducts
surrounded by a prominent basement membrane [44]. In this
same case report, the patients’ liver tests stabilized or im-
proved with initiation of UDCA. It is notable that the liver
enlargement and dysfunction in cystinosis is typically charac-
terized by nodular regenerating hyperplasia and does not

cause cirrhosis—the only case report found of a patient with
cystinosis and cirrhosis had developed cirrhosis from a chron-
ic hepatitis C infection [24].

The medications that patients take for cystinosis can also
cause gastrointestinal complications. One side effect of cyste-
amine is halitosis, caused by DMS, a breakdown product of
cysteamine [47]. A study comparing the amount of DMS in
the breath of patients on the immediate release versus the
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delayed release cysteamine found that the breath of patients on
the delayed release version had less DMS [48]. While this
difference was not statistically significant, there was a very
small sample size (four patients). As the source of halitosis
is exogenous, good oral hygiene is not sufficient to prevent it,
and patients instead try different methods to mask the smell.
One such method, the use of chlorophyllin, may have a ben-
eficial side effect. One study looked at patients who experi-
enced symptoms of cysteamine toxicity (including skin abnor-
malities, musculoskeletal pain, and bone deformities), and
found that all of these patients were also copper deficient,
and all lived in Europe [49]. The authors note that
chlorophyllin contains elemental copper and is more accessi-
ble in the USA than it is in Europe, suggesting that those
symptoms of cysteamine toxicity could be mediated through
copper deficiency.

Patients with cystinosis typically have had renal transplants
as children or as young adults, and are therefore on chronic
anti-rejection medications, which come with their own set of
side effects. One case report describes a patient who was on
cyclosporine. When he developed gingival overgrowth, it was
assumed to have been a result of the cyclosporine. However,
when it was biopsied, the gingival tissue showed cystine crys-
tals, which could have been incidental, but could also have
been contributory. In addition, his medical complexity con-
tributed to the surgical complexity of the correction [50].

Hematologic

Overall, hematologic complications of cystinosis are rare, and
the studies found were primarily case reports (see Fig. 2c).
The most common hematologic complication is
hypersplenism [16], which could be due to portal hyperten-
sion (noted above) or due to deposition of cystine crystals in
the red pulp of the spleen [30]. One cohort study reported the
overall rate of splenectomy due to hypersplenism was 21%,
but noted that no splenectomies were performed in that cohort
after 1997 (this paper was published much later, in 2012),
suggesting that cysteamine may prevent deposition of cystine

in the spleen, preventing splenomegaly [16]. There is a case
report in 2015, however, in which a patient who was thought
to be compliant with oral cysteamine required a splenectomy
due to hypersplenism, but this patient also had portal hyper-
tension [30].

Numerous case reports describe the deposition of cystine
into the bone marrow, causing anemia, thrombocytopenia, or
pancytopenia [51-58]. While this is a rare complication, it is
important for physicians to have a high index of suspicion for
this complication when patients present with anemia, as this
can easily be mistaken for anemia due to ESRD. Unlike ane-
mia secondary to ESRD, this anemia will not be responsive to
erythropoietin treatment [51]. The last case report describing a
hematologic complication was of a patient who developed
posttransplant lymphoproliferative disorder, thought to be
due to the chronic immunosuppressive medications that he
took for his kidney transplant [59].

Musculoskeletal

While musculoskeletal complications of cystinosis outside of
rickets rarely occur in children, they are quite common in
adults (see Fig. 5). In a cohort study, the overall rate of neu-
romuscular disorders in adult patients with cystinosis was
37.2% [16]. One of the more common and well-described
musculoskeletal complications is myopathy, occurring at rates
ranging from 24 to 69% [6, 16, 20, 60]. This form of myop-
athy typically begins in the distal muscles of the upper extrem-
ities and can progress to involve the more proximal muscles,
as well as the lower extremities [60]. Individuals with this
complication often have normal or brisk reflexes, normal sen-
sory function, and a normal or elevated CK level [60-63].
EMG findings include reduced amplitude of the motor unit
action, brief duration, polyphasic potentials, and spontaneous
activity [60—64]. The cause of this myopathy is thought to be
cystine crystal deposition into muscles, as biopsies in patients
with myopathy have shown crystals [61, 64, 65], and cyste-
amine use is associated with lower rates of myopathy [6, 16].
The amount of cystine can be extremely high in muscle—in
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Fig. 5 Studies on musculoskeletal complications of nephropathic cystinosis (28 total, with 10 case reports)
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one case report, a patient had 1000x the normal amount of
cystine in his muscles [64].

Treatments for this myopathy are severely limited.
Cysteamine can prevent it, and some case reports have also
suggested that the initiation of cysteamine after its develop-
ment can stabilize or slightly improve it [41, 60, 65]. One
author reported that oxandrolone and L-carnitine have been
effective in his clinical practice [66].

In addition to affecting muscles in the extremities, the my-
opathy in cystinosis can also affect the muscles of respiration,
causing pulmonary insufficiency [6, 23, 67, 68]. This compli-
cation is surprisingly common, affecting up to 69% of patients
[6]. The pulmonary insufficiency in cystinosis is characterized
by a restrictive pattern on pulmonary function testing with a
normal appearing chest X-ray and CT [18, 67]. The etiology
of this complication is likely multifactorial. Myopathy affect-
ing the respiratory muscles, including the diaphragm, is
thought to be a major contributing factor, especially since
the severity of pulmonary disease in patients typically corre-
lates with the severity of their myopathy [67]. In addition,
patients with cystinosis have anatomic abnormalities that
may contribute (thought to arise from childhood rickets and
growth impairment), including reduced posterior airway
space, causing restriction of airway dimension [69].
Ultimately, some patients require the use of noninvasive ven-
tilation at night [63, 68].

Myopathy is also thought to contribute to swallowing
dysfunction. There are various rates of swallowing abnor-
malities in different studies. One study from the
Netherlands reported a prevalence of 20% [18], and one
study of both adults and children with cystinosis from
Brazil reported 2% [19], but most studies report rates
ranging from 40 to 75% [6, 16, 20, 40, 41, 70]. This can
result in various symptoms, including gagging and
vomiting, slow eating, choking, pain or difficulty with
swallowing, and voice changes [20, 40, 41]. Dysphagia
associated with cystinosis is a major contributor to mor-
tality [6, 30, 65]. Abnormalities can exist in any phase of
swallowing, which can all be diagnosed on barium swal-
low [41, 42].

Bone complications are less common than muscular com-
plications and can be subtle. Patients with cystinosis have a
high prevalence of fractures, both vertebral and long bone, as
well as bone deformities and scoliosis [71], with mixed find-
ings regarding bone mineral density [71, 72]. In one cohort of
seven patients, one had osteopenia [5]. One case report de-
scribes sclerotic bone lesions found incidentally, which were
shown on biopsy to be made up of histiocytes with cystine
accumulation [73]. While skeletal abnormalities occur, they
do not appear to interfere with quality of life in the way that
other types of complications can. For example, while in one
cohort study, 56% of patients developed orthopedic problems,
29% of patients participated in sports [23].

Finally, a case report described a patient who developed an
odontogenic cyst with deposition of particles that were con-
sistent with cystine crystals [74].

Neurologic

Neurologic complications of cystinosis are uncommon, but
heterogeneous and sometimes debilitating (see Fig. 6). In co-
hort studies, the prevalence of central nervous system involve-
ment is between 3 and 27% [19, 20, 22, 75, 76]. The main
neurologic complication is a syndrome called “cystinosis-as-
sociated encephalopathy” [75, 76]. This syndrome appears to
have two forms: an encephalopathic form and a stroke-like
form. The encephalopathic form describes a syndrome in
which patients develop cerebellar and pyramidal signs with
cognitive deterioration and pseudobulbar palsy [20, 30,
75—77]. The stroke-like form involves symptoms such as
hemiplegia or coma—symptoms more similar to a stroke
[19, 75,76, 78, 79]. Associated imaging findings include dis-
crete calcifications, either periventricular or in the basal gan-
glia, or generalized atrophy [18-20, 30, 76-79]. It has been
suggested that the central nervous system effects of cystinosis
arise from deposition of cystine in the brain, but there have
been mixed responses of these symptoms to cysteamine treat-
ment [75, 77, 78].

There have also been case reports of neurologic symp-
toms from differing etiologies. One such case report de-
scribes a patient who began developing neck pain and
finger numbness and was found to have an edematous
cord along the cervical spine [80]. A subsequent biopsy
showed chronic active demyelinating myelitis. When her
symptoms progressed, she was started on steroids and cys-
teamine, and her condition improved. Another case report
describes a patient who developed seizures and respiratory
failure, thought to be due to posterior reversible encepha-
lopathy syndrome [81]. Cysteamine was thought to be the
culprit, so this was stopped, and he was started on steroids
and carbamazepine. After clinical improvement, he re-
sumed cysteamine at a lower dose. This has been the only
case reported of PRES attributed to cysteamine. A third
case report describes a patient who developed recurrent
strokes at the age of 32 [82]. On brain autopsy, general-
ized atrophy was found with a perivascular inflammatory
infiltrate with vascular calcifications. Rare crystals, con-
sistent with cystine crystals, were also found.

While the complications described above are quite severe,
a more mild and common neurologic manifestation of
cystinosis is elevated intracranial pressure [83, 84]. Small case
series have placed the estimated frequency at around 5% [83].
It is worth noting that patients with cystinosis have several risk
factors for elevated intracranial pressure, including having a
kidney transplant, and taking growth hormone replacement
[84]. The authors of these two studies also suggest that cystine
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Fig. 6 Studies on neurologic complications of nephropathic cystinosis (22 total, with 9 case reports)

deposition in the meninges and arachnoid granulations,
obstructing CSF outflow could be an additional mechanism.

As the vast majority of adult patients with cystinosis
have kidney transplants, neurologic sequelae of trans-
plants must also be considered in this patient population.
As having a renal transplant requires lifelong immunosup-
pression, patients with cystinosis are also at risk for de-
veloping opportunistic infections, including cryptococcal
meningitis [85].

It appears that the peripheral nervous system is unaf-
fected in cystinosis. A study of patients without known
neurologic symptoms (though some did have hypotonia)
showed normal peripheral nerve velocities and amplitudes
[86]. In addition, studies of the myopathy that can occur
with cystinosis have shown that it is primarily a muscular
disease [63].

A few studies have also looked at learning and neurologic
processing in cystinosis. Individuals with cystinosis have dif-
ficulties with image processing compared to those without
cystinosis, though those differences disappear when they are
given additional time to process images [87, 88]. Other studies
have found deficits in arithmetic and tactile recognition [89,

90]. These differences did not worsen with age, which is in-
consistent with a mechanism of chronic cystine deposition in
the brain.

Ophthalmologic

Like the renal complications of cystinosis, ophthalmologic
complications are well known, and they occur early (see
Fig. 7). The most common complications are decreased visual
acuity and photophobia, which arise from the deposition of
cystine crystals in the eye, mainly in the cornea [5, 6, 18, 20,
22, 23, 34, 36, 91-100]. Oral cysteamine is not effective in
treating this, but there are topical cysteamine eyedrops avail-
able that are effective in removing the cystine crystals, im-
proving symptoms [91, 101-107]. Many of the studies found
in this literature review were comparison trials of different
formulations of eyedrops [101, 103, 106—-108]. While all pa-
tients have ocular involvement, with complete progression of
symptoms as early as age 12 without treatment [5, 6, 22, 34,
91, 109], rates of photophobia and decreased vision are lower
[18, 23]. Photophobia rates range considerably in different
studies, which may be a function of whether or not patients
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Fig. 7 Studies on ophthalmologic complications of nephropathic cystinosis (33 total, with 11 case reports)
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in those studies were taking topical cysteamine [23, 103].
Many patients have decreased vision, but this can be severe
enough that in one study, around 12% of patients were legally
blind [110].

While photophobia and decreased visual acuity are more
common, there are several other possible complications.
Foreign body sensation in the eye is not uncommon [92,
100, 110]. Retinopathy and band keratopathy can also occur
[6, 18, 93, 100, 102, 109, 111]. Rates of retinopathy vary
between 32 and 52% [6, 100]. Decreased peripheral vision
and abnormalities in color vision are also quite common
[100, 110, 111]. In addition to the cornea, cystine can also
deposit in the retina, in approximately 16% of patients [111].
Patients are more likely than the general population to develop
cataracts. In one study of 172 patients, only 10 had cataracts,
but the oldest patient was only 42, which is a high prevalence
for this age group [109]. There have also been case reports of
patients who have experienced macular edema [96], recurrent
spontaneous hyphema and hemorrhages [93], choroidal
neovascular membrane (though this patient also had bilateral
diabetic retinopathy) [112], and enucleation due to phthisis
[20].

Finally, there are anatomic ocular differences between in-
dividuals with cystinosis and those without, including thicker
corneas, a narrower angle, a shallower anterior chamber, and a
closed or narrow ciliary sulcus [113, 114].

Interestingly, there is a unique population of individuals
with cystinosis living in Canada with relatively mild ocular
complications. In one study of 18 individuals with cystinosis
in Canada, there were two adults with good visual acuity and
color vision. While they both had peripheral corneal deposits
and one had superficial keratopathy, their visual acuity and
relatively mild photophobia was achieved without the use of
cysteamine eyedrops [99].

As the ocular complications of cystinosis are prevented and
treated through a different modality than the other systemic
manifestations, compliance with this particular component of
therapy is challenging. Previously, this topical solution had to
be applied every hour and required refrigeration, making com-
pliance very difficult for patients [102, 105, 106, 108]. More
recently, formulations of these eyedrops have been produced
that do not require refrigeration, are dosed less frequently, and
are just as effective as the older formulation. As one might
expect, patients prefer the newer formulation with improved
adherence [106].

Psychosocial

Though the medical complications of cystinosis are substan-
tial, the psychosocial impact of the disease should be consid-
ered as well (see Fig. 4b). Cystinosis has a major impact on
quality of life, especially in adulthood. Many individuals with
cystinosis say that they “feel different” from other people, and

that cystinosis affects both their personal and professional
lives, through mechanisms such as job absenteeism, short
stature, and photophobia [115, 116]. A study looking at per-
formance on several school subjects found that those with
cystinosis may demonstrate academic difficulties, particularly
in arithmetic and spelling [89].

One aspect of the disease that contributes significantly to
quality of life is the strict dosing regimen of cysteamine.
Originally, this medication required strict every 6-h dosing,
requiring patients to wake up during the night to take medica-
tion, resulting in poor compliance, especially in patients who
were old enough to be responsible for taking their own med-
ication [115, 117-119]. Newer cysteamine medications re-
quiring only every 12-h administration may lead to enhanced
adherence from the absence of having to awake during the
sleep cycle.

Halitosis caused by cysteamine can also be a significant
contributing factor to psychological distress [115, 117]. As
noted previously, this is thought to be from DMS, which is
produced as a breakdown product of cysteamine [47, 48, 118].

An interesting aspect of cystinosis is that in the subset of
patients who are homozygous for the 57-kb deletion, it may
cause a decrease in temperature regulation and sensation of
spicy foods due to interruption of the TRPVI gene [120]. The
study that looked into this also found that many of these pa-
tients report a preference for spicy foods, and some report
difficulties in temperature regulation.

Some structured interviews and focus groups have also
looked into some of the more subjective experiences of those
with cystinosis. Many individuals find strength in the
cystinosis community, through mentoring, exchanging infor-
mation, and by simply having a group of people with whom
they feel a connection [117, 121]. Another theme noted was
the anxiety and difficulty not only of transitioning from the
pediatrics medical world to the adult one but also of children
being able to gain independence in managing their disease as
they become adults [117, 122].

Overall, there is considerable heterogeneity in indepen-
dence and quality of life for those with cystinosis [18, 23].

Renal

Perhaps the most well-known consequence of cystinosis is its
impact on kidney function (see Fig. 8). Without treatment, all
progress to ESRD, resulting in the need for either a kidney
transplant or maintenance dialysis [20, 23, 36, 38]. The ad-
ministration of cysteamine slows the progression to ESRD [6,
16, 19, 21, 123]. A study looking at the association between
medication compliance and renal outcomes found that while
glomerular function was preserved by the use of cysteamine,
tubular function was not, and hypothesized that this was be-
cause the renal tubular disease was already severe at the time
of diagnosis [123]. Another study looked at the differences in
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Fig. 8 Studies on renal complications of nephropathic cystinosis (22 total, with 8 case reports)

renal outcomes across different countries. It found that in de-
veloped countries, fewer patients had reached ESRD, median
renal survival was twice as long, and more patients had trans-
plants rather than dialysis [124]. Adults with cystinosis today
typically are a mix of patients on dialysis, those with function-
ing transplants, as well as those with earlier-stage kidney dis-
ease [5].

The outcomes of renal transplants in cystinosis patients
have also been studied, with mixed results. One study showed
that graft survival was better in patients with cystinosis than in
their control population [125]. The authors of this paper sug-
gest that downregulation of the mTORC]1 pathway in
cystinosis causes better immune tolerance of the transplant.
However, another study showed a lower graft survival rate,
although this study lacked a control group [20]. At that time,
there was a concern of cysteamine adversely impacting renal
grafts, but they found that only one kidney failed for every
22 years of cysteamine therapy. A third study found no differ-
ence in death-censored graft survival between those with
cystinosis and those without cystinosis [126]. They did find
a significantly increased risk for patient death, which likely
reflects the systemic manifestations of cystinosis. It also ap-
pears that as time has gone on, kidney transplants in those with
cystinosis are more frequently performed pre-emptively, with
better outcomes [127]. Renal graft loss is typically unrelated
to cystinosis—they have the same types of complications that
anyone with kidney transplants is at risk of developing [18,
30]. In terms of other renal complications, one paper noted
that a patient had signs of severe renal osteodystrophy [34].

Multiple biopsies of transplanted kidneys of those with
cystinosis have shown cystine crystal deposition, but it is
thought that the level at which cystine deposits is so low that
it does not affect renal function [24, 125]. However, there was
one case report in which the deposition of cystine was thought
to play a role in declining kidney function after a kidney
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transplant. The patient had a renal biopsy which showed re-
current cystinosis, though there was also a component of
calcineurin-inhibitor toxicity [128]. The authors posit that
since she got her transplant from her mother, who would have
been heterozygous for cystinosis, she was at higher risk for
recurrent cystinosis in the transplanted kidney, although this
has not been proven outside of this case report.

Three other cases reports describe other renal complica-
tions that occurred in patients with cystinosis. These included
a patient who developed renal papillary necrosis due to
posttransplant hypotension [129], a patient who had class III
lupus nephritis [130], and one who had developed a renal cell
carcinoma [131].

Urinary

There have been two case reports describing urinary compli-
cations of cystinosis (see Fig. 2d). One describes a woman
with a bladder wall rupture. Since there was no definite cause
found, the authors speculate that cystine deposition in the
bladder wall could have predisposed it to rupture [132]. The
other describes a patient who had a renal transplant, and de-
veloped encrusted myelitis from Coynebacterium
urealyticum, requiring nephrectomy [133].

Discussion

In the course of performing this literature review, we found
very few high-quality studies, likely due to the rarity of this
disease. Most of the data in several organ systems (most no-
tably, hematologic and cardiovascular) was comprised of case
reports and small cohort studies. A few larger cohort studies
have been performed, but as most of their adult patients did
not receive cysteamine as young children, it is unclear how
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applicable these studies are to the current population of adults
with cystinosis.

The impact of cysteamine on the extra-renal complications
of cystinosis is incompletely characterized. While there are
data on cysteamine preventing endocrine complications
(e.g., hypothyroidism and diabetes), it is confounded by
changing clinical practice over time (those who did not re-
ceive cysteamine as children were often treated decades before
those who were). Two studies have suggested that cysteamine
may prevent myopathy, but they are subject to the same lim-
itation. There are also mixed data regarding the use of cyste-
amine as a treatment for the neurologic and musculoskeletal
manifestations of cystinosis, likely because these interven-
tions were mostly performed in the context of case reports.

There is currently a push to develop ongoing patient data-
bases for nephropathic cystinosis. As the large cohort studies
we found in this review are older and may not reflect the
current population of adults with cystinosis, gathering this
repository of data is needed.

Much of the data gathered on the extra-renal complications
of cystinosis focus on the prevalence of these conditions, and
some comment on the impact of cysteamine on these rates.
While this is important information, there is a notable lack of
data regarding effective treatments. Some case reports have
suggested possible avenues for treatments, but these have yet
to be studied in any systematic way. The rarity of this disease
makes the prospect of a randomized clinical trial daunting if
not impractical, but these interventions could be studied in the
form of longitudinal cohort studies or well-designed single-
arm trials.

Overall, as more patients with cystinosis live into adult-
hood, more attention is needed regarding the complications
that they face. Specifically, as myopathy is a prevalent com-
plication in adults resulting in significant morbidity and mor-
tality, more research is needed to better prevent and treat this
complication.
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