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Abstract 

Background Nephropathic Cystinosis is a rare autosomal recessive lysosomal storage disorder. In addition to kidney 
dysfunction, this disorder can also affect other organs, such as the eyes, thyroid, muscles, and central nervous system.

Methods The current cross-sectional study included 56 patients with nephropathic cystinosis to evaluate the clinical 
outcome in nephropathic cystinosis patients cohort with regarding kidney function and the need for kidney replace-
ment therapy. Clinical and laboratory data were collected.

Results Among the 56 patients in our study, 32 (57.1%) were male. Furthermore, 52 (92%) of these patients were 
offspring of consanguineous marriage. Patients’ mean age was 116.96 ± 54.1 months, and the mean onset of nephro-
pathic cystinosis suggestive symptoms was 7.63 ± 3.2 months. In addition, the mean age of confirmed diagnosis 
was 45.38 ± 35.3 months, and the mean age of end-stage kidney disease (ESKD) was 104 ± 25.7 months. Eighteen 
patients (32.1%)underwent hemodialysis, whereas 12 patients (21.4%) underwent kidney transplantation. When com-
paring siblings within the same family, we observed a significant difference in the age at diagnosis. The median age 
for the first sibling was 60 months, while it was 24 months for the second sibling (p-value = 0.031). Additionally, there 
were significant differences in weight, chronic kidney disease (CKD) stage, and outcome.

Conclusion Improvement in the awareness and the accessibility to diagnosis over years, early sibling screen-
ing, and kidney transplantation have a significant impact on the survival of both patients and kidney in children 
with nephropathic cystinosis.
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Background
Nephropathic Cystinosis (NCTN)is a rare autosomal 
recessive lysosomal storage disorder caused by a genetic 
variant in the CTNS gene. It is characterized by the accu-
mulation of intra-lysosomal cystine in all body cells and 

organs, leading to kidney impairment and affection of 
various organs, including eyes, thyroid, muscles, and the 
central nervous system (CNS) [1].

Fanconi syndrome is a proximal tubular dysfunction 
that manifests in the first year of life. It leads to polydip-
sia, polyuria, dehydration, proximal renal tubular aci-
dosis, and urinary loss of electrolytes. If left untreated, 
ESKD affects the median age of about ten years [2].

Although cysteamine, a cystine-depleting agent, is 
the cornerstone of treatment, no curative treatment is 
currently available [1]. Numerous reports have demon-
strated favorable graft performance and outcomes in 
patients with NCTN [3, 4].
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Prior to kidney transplantation and cysteamine, indi-
viduals with nephropathic cystinosis had a lifespan of 
around 10 years. However, they have now managed to 
survive into their fifth decade [5].

The current study focuses on assessing kidney progno-
sis and patient survival in a cohort of Egyptian patients 
with nephropathic cystinosis.

Methods
Study design and population
This cross-sectional study included 56 patients with 
NCTN. The patients were diagnosed with NCTN using 
slit lamp examination for cystine deposition or genetic 
analysis. Study participants were recruited from the multi-
diciplinary Cystinosis Clinic at Cairo University Children’s 
Hospital which is the only national referral center.

Sample size
This study included 56 patients following at the cystinosis 
clinic, ( the total number registered at the clinic was 77 
patients from 2003 to 2023);We excluded 21 patients due 
to the unavailability of complete medical records and lost 
follow up.

Clinical assessment
Full clinical assessment focusing on the current age, age 
at onset of symptoms, age at confirmed diagnosis, fam-
ily history, consanguinity, anthropometric measure-
ment, kidney replacement therapy (KRT), age at kidney 
replacement, ophthalmological assessment, medications 
received, and cysteamine dose. The weight and height 
parameters were standardized using z-scores, calculated 
based on reference data from healthy children. These 
parameters were then interpreted according to world 
health organization (WHO) curves [6].

Reviewing of previous investigations
Blood urea nitrogen, serum creatinine, calcium, phos-
phorus, alkaline phosphatase, venous blood gases, 
complete blood count, serum albumin, and serum elec-
trolytes tests were reviewed. The staging of CKD was 
determined according to the estimated glomerular fil-
tration rate (eGFR) [ml/min/1.73 m2] as follows: stage 
3 (eGFR = 30–59), stage 4( eGFR = 15–29), and stage 5 
(eGFR < 15). In addition, eGFR was assessed according to 
the modified Schwartz formula [7, 8].

Statistical analysis
Data were analyzed, coded, and analyzed using IBM-
SPSS 24.0 (IBM-SPSS Inc., Chicago, IL, USA) *. Descrip-
tive statistics: Means, standard deviations, median, 
Interquartile range, frequency, and percentages were cal-
culated. The normality of continuous variables was tested 

using the Kolmogorov–Smirnov/Shapiro–Wilk test as 
appropriate. Test of significances: Chi-square/Fisher’s 
exact/Monte Carlo exact test was used to compare the 
difference in the distribution of frequencies among dif-
ferent groups as appropriate. Student t-test/Mann 
Whitney U-test was calculated to test the mean/median 
differences in continuous variables between groups as 
appropriate. Kruskal Wallis test was used to compare the 
difference in the median between groups for variables 
with more than two categories. The Spearman Rank Cor-
relation was used to analyze the univariate correlation 
between variables. Significant test results were consid-
ered when the p-value was < 0.05.

Results
This study included 56 patients with nephropathic cysti-
nosis, with 32 (57.1%) males and 24 (42.9%) females. Of 
the patients, 52 (92.9%) were born to consanguineous 
parents, while 34 (60.7%) had a family history of similar 
conditions. The mean age at diagnosis was 45.38 months 
(SD ± 35.3) with median 35 months ( range 3 – 168).The 
time elapsed between the onset of symptoms and the 
confirmation of diagnosis ranged from 0- 156 months 
with mean 37.27 ± 34.6 months.

Basic laboratory data of the cohort were shown in 
Table 1.

The presenting symptoms included either renal tubu-
lar acidosis 47 (83.9%) or rickets 8 (14.3%), while one of 
our patients (1.8%) was diagnosed presymptomatic dur-
ing screening using genetic testing; he is now 10 years old 
manifesting only mild acidosis and hypophosphatemia 
that started a year ago. The mean weight of the included 
patients was 19.24 ± 9.1 kg. Out of the patients, 45 (80.4%) 
were classified as underweight below −2 SD for z-score, 
while the mean height was 104.81 ± 19.7 cm. Additionally, 
50 (89.3%) patients were stunted below −2SD for z -score, 
and 35 (35/50) were below −4 SD. Five patients received 
growth hormone therapy. However, it was discontinued 
for 4 of them due to inaccessibility (1/5), acute rejection 
episode (1/5), papilledema(1/5), or bone deformity(1/5).

Hypothyroidism was managed with L-thyroxin replace-
ment therapy in 38 (67.9%) of the patients. The majority 
(67.8%) of these patients received cysteamine treatment 
at doses ranging from 45 to 60 mg/kg/d. Nevertheless, 
a total of 18 individuals (32.2%) failed to adhere to or 
discontinued their treatment. In addition, 16.1% of our 
patients did not attend their follow-up appointments, 
while 10 patients (17.9%) passed away at a mean age of 
111.10 ± 45.6 months. The causes of death were complica-
tions related to hemodialysis or severe electrolyte distur-
bances and hypovolemic shock.

Regarding CKD staging of our patients, 6 patients 
(10.7%) were classified as stage 1, 7 patients (12.5%) were 
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classified as stage 2, 12 patients (21.4%) were classified as 
stage 3, 7 patients (12.5%) were classified as stage 4, and 
24 patients (42.9%) were classified as stage 5. The mean 
age of patients diagnosed with ESKD was 104 ± 25.7 
months with median age 96 months ranged from 74 to 
162 months. Among the total number of patients, 18 
(32.1%) received Hemodialysis (HD) treatment, while 

12 patients (21.4%) underwent kidney transplantation 
(KTX).

Out of the 12 KTX patients,all of them received living 
grafts, 7 received kidney grafts from unrelated donors, 
4 received grafts from their mothers, and one child 
received a graft from his father. The duration post kidney 
transplantation ranged from 7 to 180 months.the eld-
est of our transplanted cases is 25 years old with a graft 
duration of 13 years and her last serum creatinine level 
is 1.3 mg/dl. Only one of the transplanted cases in our 
cohort died of severe infection. All of them received only 
one graft and they were on maintenance immunosup-
pressive protocol consisting of steroid, tacrolimus, and 
mycophenolate except one female child who was on ster-
oid avoidance protocol with serum creatinine level of 0.5 
mg/dl. Data of transplanted patients were demonstrated 
in Table 2.

When we correlated the absolute values for weight and 
height with the onset -diagnosis interval,no statistically 
signigicant relationship was found.However, the longer 
duration between the onset of symptoms and confirmed 
diagnosis -subsequently; the start of treatment – was 
associated with statistically signigicant lower z -scores for 
both weight and height, as demonstrated in Fig. 1. How-
ever, no significant correlation was observed between 
CKD staging in the patients or the disease outcome, as 
depicted in Table 3.

The mean corneal cystine crystal scoring (CCCS) of our 
patients was 2.63 ± 0.7. For patients with hypothyroid-
ism, the average CCCS was 2.84 ± 0.4, while for patients 
with euthyroidism, it was 2.21 ± 0.2. There was a signifi-
cant difference between the two groups, with a p-value 
of 0.013.

The comparison between patients who underwent 
hemodialysis (HD) and those who underwent kidney 
transplantation revealed a significant difference in the 
anthropometric measurement (Table 4).

In this cohort, we observed 22 siblings. We conducted 
a subgroup analysis comparing the first sibling (1st sib-
ling) to the second sibling (2nd sibling). We discovered a 
significant difference in the age at diagnosis between the 
two groups. The median age at diagnosis for the first sib-
ling was 60 months, while it was 24 months for the sec-
ond sibling, with a p-value of 0.031). Furthermore, there 
was a significant difference regarding weight, CKD stage, 
and outcome, as illustrated in Table 5.

Discussion
The most significant finding of our study is that the 
second siblings diagnosed at an earlier age exhibited 
better  outcomes compared to their older siblings in 
terms of the age at diagnosis,weight, and overall out-
come. This finding aligns with a previous study [9]. 

Table 1 Laboratory data of the studied Cohort (n = 56)

e-GFR Estimated glomerular filtration rate, Ca Calcium, PO4 Phosphorus, Na 
Sodium, K Potassium, Hbg Haemoglobin, MCV mean corpuscular volume, MCH 
mean corpuscular haemoglobin, Hct hematocrite, TLC total leukocytic count, ALP 
alkaline phosphatase

Variable Category n = 56

Kidney functions

 Blood Urea (mg/dl) • Mean ± SD 72.32 ± 66.7

• Median (Range) 46 (6 – 250)

 Serum Creatinine (mg/dl) • Mean ± SD 2.99 ± 2.7

• Median (Range) 1.1 (0.3 – 9.3)

 e-GFR • Mean ± SD 37.61 ± 33.1

• Median (Range) 36 (4 – 120)

Serum Electrolytes
 Ca (mg/dl) • Mean ± SD 8.96 ± 1.7

• Median (Range) 9.6 (5.3 – 11.5)

 PO4 (mg/dl) • Mean ± SD 4.20 ± 1.1

• Median (Range) 4 (2 – 9)

 Na (mmol/L) • Mean ± SD 139.01 ± 6.5

• Median (Range) 139 (130 – 156)

 K (mmol/L) • Mean ± SD 3.92 ± 1.1

• Median (Range) 3.8 (2 – 6)

CBC
 Hgb (g/dl) • Mean ± SD 10.38 ± 2.5

• Median (Range) 11 (6 – 14)

 MCV(fl) • Mean ± SD 79.42 ± 6.2

• Median (Range) 79.5 (69 – 90)

 MCH(pg) • Mean ± SD 26.61 ± 2.1

• Median (Range) 27 (23 – 29.5)

 Hct (%) • Mean ± SD 30.44 ± 6.6

• Median (Range) 32 (18 – 40)

 TLC(10*3/cmm) • Mean ± SD 8.38 ± 3.2

• Median (Range) 7.5 (2.5 – 14.5)

 Platelet(10*3/cmm) • Mean ± SD 309.06 ± 105.2

• Median (Range) 323 (54 – 532)

Other Parameters
 ALP(U/l) • Mean ± SD 462.53 ± 328.9

• Median (Range) 340 (138 – 1277)

 Albumin(g/dl) • Mean ± SD 4.31 ± 0.7

• Median (Range) 4.5 (2.8 – 5.1)

 PH • Mean ± SD 7.36 ± 0.1

• Median (Range) 7.4 (7.2 – 7.5)

 Bicarbonate (mmEq/l) • Mean ± SD 20.91 ± 6.6

• Median (Range) 21 (10 – 32)
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Table 2 Summary of the transplanted patients in the studied cohort (n = 12)

a This case died after 7 months of transplantation due to severe infection

No Age (months) Donor Duration of 
transplantation 
(months)

Height z score Weight Z score Last creatinine

1 300 Living related (mother) 156  < −2  < −2 1.3

4 176 Living related (father) 56  < −2  < −2 0.9

7 163 Living unrelated 38  < −2 −1 0.7

13 167 Living unrelated 67  < −2  < −2 1.1

17 190 Living unrelated 36  < −2  < −2 0.4

20a 150 Living unrelated 7  < −2  < −2 2.3

22 121 Living unrelated 44 −1.2 −0.5 0.48

23 168 Living unrelated 69  < −2  < −2 0.73

26 130 Living unrelated 11  < −2 0 0.86

27 97 Living related (mother) 14 −1.7 −0.2 0.64

28 176 Living related (mother) 33  < −2  < −2 0.55

31 140 Living related (mother) 49  < −2  < −2 0.6

Fig. 1 Correlation between onset to diagnosis interval and anthropometric measures. SD: standard deviation for z-scores of weight and height. A 
showed non significant correlation between onset-diagnosis interval and weight in kilograms; B showed non significant correlation between onset 
-diagnosis interval and height in centimeters; C showed significant correlation between onset-diagnosis interval and Z score for weight; D showed 
significant correlation between onset-diagnosis interval and Z score of height
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This finding can be attributed to the early intervention 
of either Fanconi syndrome replacement therapy or 
cysteine-depleting therapy.

In our cohort, we had one patient diagnosed as pre-
symptomatic using sibling screening based on genetic 
variant analysis at the age of 3 months when he started 
cystasteamine therapy. He is 10 years old with growth 
parameters within the normal range ( −0.98 SD for 
height and 0.5 SD for weight) and mild tubular dysfunc-
tion. Additionally, his eGFR was 138 ml/min/1.73 m2. 
This discovery highlights the significance of screening 
siblings and providing early patient treatment, as sug-
gested by a previous review [1].

This signifies the importance of early diagnosis and 
therapy for those patients. In our country,as develop-
ing and middle income one,there were a lot of chalan-
ges for the care of our patients with NCTN in the form 
of low accessibility to genteic testing, unavailability of 
white blood cell cysteine assay and inpersistency of 
cysteine depleting therapy, We have overcome these chal-
lenges over the past years, and this has been reflected on 

Table 3 Relationship between onset to diagnosis interval, CKD Stage and disease outcome

IQR Interquartile range
* Kruskal Wallis test was used to compare the difference in median between groups

CKD Stage P-value

Stage-I
(n = 6)

Stage-II
(n = 7)

Stage-III
(n = 12)

Stage-IV
(n = 7)

Stage-V
(n = 24)

•onset to diagnosis interval /
months Median (IQR)

35.5 (81) 28 (40) 24.5 (30) 27 (62) 36 (76)  = 0.750*

Disease Outcome P-value
Alive
(n = 37)

Death
(n = 10)

Lost FU
(n = 9)

•onset to diagnosis interval /
months Median (IQR)

28 (42) 21.5 (53) 54 (80)  = 0.571*

Table 4 Comparison between kidney replacement modalities 
and anthropometric measurements

CKD Chronic kidney disease, KRT Renal replacement therapy, k-tx Kidney 
transplantation, HD hemodialysis
* Independent Sample t-test was used to compare the difference in mean 
between groups
** Chi-square test was used to compare the difference in frequency between 
groups
*** Monte Carlo exact test was used to compare the difference in frequency 
between groups

KRT

KTX (n = 12) HD (n = 18) P-value

• Weight/kg 32.04 ± 7.7 18.47 ± 4.1  < 0.001*
• Underweight (< −2 SD) 8 (66.7%) 18 (100%)  = 0.019**
• Height/cm 129.63 ± 8.8 106.16 ± 13.4  < 0.001*
• Stunted (< −2 SD) 10 (83.3%) 18 (100%)  = 0.165**

• CKD Stage
 ✓ Stage-I 4 (33.3%) 0 (0%)

 ✓ Stage-II 5 (41.7%) 0 (0%)  < 0.001***
 ✓ Stage-III 2 (16.7%) 0 (0%)

 ✓ Stage-IV 0 (0%) 0 (0%)

 ✓ Stage-V 1 (8.3%) 18 (100%)

Table 5 Relationship between birth order and disease 
determinants

IQR Inter-Quartile range, SD Standard deviation
* Mann Whitney U test was used to compare the difference in median between 
groups
** Fisher’s exact test was used to compare the difference in Frequency between 
groups
*** Monte Carlo exact test was used to compare the difference in Frequency 
between groups

Siblings P-value

1st sibling
(n = 11)

2nd sibling
(n = 11)

Age at diagnosis/months
 • Mean ± SD 48.64 ± 29.9 29.27 ± 20.1  = 0.031*
 • Median (IQR) 60 (56) 24 (26)

Anthropometrics
 • Underweight 8 (88.9%) 6 (54.5%)  = 0.026**
 • Stunted 11 (100%) 9 (81.8%)  = 0.479**

CKD stage
 • Stage-I 1 (9.1%) 1 (9.1%)

 • Stage-II 2 (18.2%) 3 (27.3%)

 • Stage-III 2 (18.2%) 3 (27.3%)  = 0.299***

 • Stage-IV 0 (0%) 2 (18.2%)

 • Stage-V 6 (54.5%) 2 (18.2%)

Outcome
 • Alive 5 (45.5%) 10 (91.9)

 • Dead 6 (54.5%) 0 (0%)  = 0.013***
 • Lost follow up 0 (0%) 1 (9.1%)
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patients in terms of doctors’ and families’ awareness of 
the disease, referral of cases at an early stage, as well as 
the availability of persistent treatment. When comparing 
the current study to its previous in the same center, we 
notice the mean age at diagnosis became earlier ( 45.38 vs 
52.7 months in the previous study) [10].

In addition, most of our children on average dose of 
cystemine treatment of 45–60 mg/kg/day with improve-
ment in daily dosage,patient compliance and the persis-
tency of treatment in comparision to previous study in 
the same center [11].

The factors that contribute to growth failure in chil-
dren with NCTN include uremia, inadequate cystine-
depleting therapy, rickets, chronic acidosis, anemia, and 
chronic hypovolemia [12].

In our cohort, we observed a high prevalence of under-
weight (below −2 SD) and stunted growth (below −2 
SD), with percentages of 80.4% and 89.3% respectively. 
These findings are consistent with previous results from 
the same center. However, these results are inconsistent 
with Kluck and his colleagues [13], who demonstrated the 
mean SD for height _1.80 (_2.05 to _1.55) and the mean 
SD for body mass index _0.28 (_0.55 to _0.02). The severe 
impairment of growth parameters in our cohort in com-
parison to their cohort can be explained by the fact that 
they used growth hormone therapy(GHT) for about half 
of the patients and tube feedings if indicated. In con-
trast, only five patients in our cohort received GHT, and 
no tube feedings were required. It is important to note 
that this difference cannot be solely explained by malnu-
trition, as most of our study participants had only mild 
anemia and normal serum albumin levels. These findings 
highlight the importance of growth hormone therapy, as 
concluded by Wüh and his colleagues [14] and also high-
light the importance of multidisciplinary care involving 
endrinology,nutrition and other involved specialities.

The mean eGFR at the last visit was 37.61 ± 33.1 ml/
min/1.73 m2, which is lower than the eGFR reported in 
another study, 63.10 ± 54.60 ml/min/1.73 m2 [15]. Atmis 
and his colleagues [15] found that the median age at diag-
nosis was 18.5 months (range, 6–205 months), and in 
another study [16] was 15 months ( range,0–110). In con-
trast, the median age at diagnosis of our patients was 35 
months (range,3–168). The delay could be attributed to 
a lack of awareness and limited availability of diagnostic 
tools for nephropathic cystinosis especially the genetic 
testing before detection of cysteine deposion in the cor-
nea that could be delayed until the age of 18 months. 
Additionally, the median time between the onset of the 
disease and a confirmed diagnosis was 28 months (with 
a range of 0–156). Therefore, patients were referred to 
receive treatment at a late stage when their kidney has 
reached an advanced stage of dysfunction.

Out of the total number of patients, 30 patients (53.5%), 
14 female and 16 male, underwent KRT (either dialysis 
or kidney transplantation). The mean age at initiation of 
KRT was 104 ± 25.7 months and median of 96 months 
( range: 74–162), which is lower than the median age 
reported in previous studies [16, 17], in which the median 
age at initiation of KTX was 120 months (range: 84–300). 
Potentially, this could be attributed to a delayed diagno-
sis in our group. However, we did not detect any signifi-
cant correlation between the stage of CKD and the time 
interval between the onset and diagnosis (p-value = 0.75), 
in contrast to what demonstrated by Emma et  al., who 
found a nearly linear relationship between the age at 
which cysteamine therapy commenced and the outcome 
of kidney function [12].

Kidney transplantation enhanced the growth param-
eters of our children when compared to those undergo-
ing regular hemodialysis. There was a notable difference 
in terms of weight and height, which aligns with a previ-
ous study that found an improvement in linear growth 
after kidney transplantation [18]. However, there was 
still a higher percentage of children experiencing stunted 
growth. Analysis of data from registries in Europe and 
North America indicates that a functional graft alone does 
not rectify the significant growth retardation observed in 
some children with CKD. It is recommended to imple-
ment more proactive management strategies before and 
after transplantation and consider using GHT [19].

Prior to kidney transplantation and cystine-depleting 
therapy with cysteamine for children with nephropathic 
cystinosis, their lifespan was approximately ten years. 
Currently, cystinotic patients have survived until the 
fifth decade of life [5]. The mortality rate in our cohort 
was 17.9% of the patients, with a median age of death of 
114.5 months (range 16–180). The majority of mortality 
was attributed to electrolyte disturbances and complica-
tions related to hemodialysis, such as pulmonary edema. 
None of these patients received continuous cysteamine 
treatment.

Thyroid dysfunction is the most common and earliest 
endocrine disorder observed in patients with cystinosis, 
affecting approximately 50% of untreated children and 
typically occurring after kidney dysfunction [20]. Hypo-
thyroidism was prevalent in 38 (67.9%) of the patients, 
which is consistent with previous research [21]. All 
patients were on hormonal replacement therapy. This 
higher prevalence could be suggested to be secondary to 
the delayed diagnosis as well as the inconsistent use of 
cysteamine treatment.

Furthermore, we found a significant difference in 
CCCS between patients with hypothyroidism and those 
with euthyroidism. This discrepancy may be attributed 
to the age of the patients, as younger patients exhibited 
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preserved thyroid function and lower cysteine accumula-
tion in the cornea.

The high consanguinity rate of 92% in our cohort can 
be attributed to the autosomal recessive mode of disease 
inheritance and the prevalence of marriage between rela-
tives in our society. This result is in contrast to a study 
conducted in Poland, where the consanguinity rate was 
0% [17].

Conclusion
Improvement in the awareness and accessibilty to diag-
nosis over years help in early diagnosis, particularly pre-
symptomatic, and thus initiation of cysteine depleting 
therapy which is crucial to kidney and patient survival 
in nephropathic cystinosis patients. In patients reaching 
ESKD, Kidney transplantation significantly improved the 
patients’ clinical outcome with graft survival reaching up 
to 13 years in our cohort. Moreover integrated approach 
in the context of multidisciplinary care is essential to 
ensure comprehensive management and optimize patient 
growth.

Recommendations: we recommend increasing the 
awareness among young healthcare providers regard-
ing early detection and referral of infants with Fanconi 
syndrome to facilitate the prompt diagnosis of this man-
ageable condition as earlier treatment improves disease 
outcome. Additionally, multidisciplinary care and further 
studies of long-term follow up post kidney transplanta-
tion outcome are recommended of those patients.
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