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Abstract Background: Hereditary tyrosinemia type 1(HT1) is a chronic disorder leading to severe hepatic, renal and peripheral
nerve damage if left untreated. Despite nitisinone treatment HT'1 still carries the risks of hepatocellular carcinoma (HCC)
and neuropsychological outcome.

Methods: A retrospective single center study was carried out based on the phenotype, therapy and outcome in 38
Turkish patients with HT1 diagnosed during the last 20 years.

Results: None of the patients was diagnosed on newborn screening. The patients were grouped according to acute,
subacute and chronic forms of the disorder. The main clinical manifestations were hepatosplenomegaly, liver and renal
tubular dysfunction. Thirty-six patients were treated with nitisinone. The mean duration of nitisinone treatment was 64
months and the mean dosage was 1.2 mg/kg/day. Dietary compliance problems were frequent. Eleven patients had
cognitive evaluation (mean total 1Q, 84 points). Six patients had living donor liver transplantation despite nitisinone
treatment: three due to suspected HCC, two for non-compliance to diet, and one for both, at a median age of 90 months.
Conclusion: Nitisinone treatment is effective and improves both short- and long-term prognosis of HT1. Early diag-
nosis on newborn screening is needed because delay in treatment increases the risk of the persistence of hepatic disease
and HCC. Interruption of the drug can lead to re-occurrence of hepatocellular damage and neurological crisis. Increased

a-fetoprotein and new hypoechoic nodule formation are the warning signs for HCC.

Key words hepatocellular carcinoma, liver transplantation, NTBC, Turkey, tyrosinemia type 1.

Hereditary tyrosinemia type 1 (HT1, OMIM 276700) is a rare
autosomal recessive disorder caused by deficiency of the
last enzyme in the tyrosine (Tyr) catabolic pathway,
fumarylacetoacetate hydrolase (FAH).'? Blockage leads to accu-
mulation of the toxic metabolites fumarylacetoacetate (FAA),
maleylacetoacetate (MAA), succinylacetoacetate (SAA), and
succinylacetone (SA), which are responsible for progressive
hepatic, renal and neurological findings.** The human FAH com-
plementary DNA has been cloned and mapped to human chro-
mosome 15q.°

The clinical manifestations of HT1 are heterogeneous, even
within the members of the same family. The disorder is classified
based on age at symptom onset: acute, <6 months; subacute, 6
months—1 year; and chronic, >1 year of age."® Acute/chronic liver
disease and renal tubular dysfunction with Fanconi syndrome

Correspondence: A Cigdem Aktuglu Zeybek, MD, Department of
Pediatrics, Division of Nutrition and Metabolism, Cerrahpasa Medical
Faculty, Istanbul University, Kocamustafapasa Fatih, 34098 Istanbul,
Turkiye. Email: dracaz@istanbul.edu.tr

Received 19 February 2014; revised 28 August 2014; accepted 9
September 2014.

© 2014 Japan Pediatric Society

leading to secondary hypophosphatemic rickets are the main
clinical findings.”® Hepatic lesions are responsible for the long-
term complications: micro/macronodular cirrhosis and hepato-
cellular carcinoma (HCC).? Polyneuropathy and abdominal pain
similar to acute porphyria,* cardiomyopathy and hyperinsulinism
are also described in untreated patients.">*"!

The natural history of the disease usually results in death.'*"
Liver transplantation (LT) was the first definitive therapy intro-
duced.' Low Tyr-phenylalanine (Phe) diet was not effective in the
acute form and had limited success in the chronic form, nor
did it prevent HCC. 2-(2-Nitro-4-trifluoromethylbenzoyl)-1,3-
cyclohexanedione (NTBC; nitisinone) is a potent inhibitor of
4-hydroxyphenylpyruvate dioxygenase, leading to the suppres-
sion of MAA, FAA and SA accumulation and the accumulation
of Tyr."*"® Nitisinone had significantly improved survival in HT1,
with a clinical response of 90% and a decrease in the risk of early
development of HCC in those who began treatment at an early
age.'*2

In the present study we investigated the clinical and biochemi-
cal features of 38 Turkish HT1 patients. The aim was to increase
the knowledge on clinical outcome in these patients, the conse-
quences of late and interrupted treatment and improve the
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understanding of current diagnosis and clinical management
practices for HT'1 in countries where expanded newborn screen-
ing is not part of the newborn screening program.

Methods
Patients

We reviewed all patients with HT'1 diagnosed in the Nutrition and
Metabolic Diseases Unit, Istanbul University Cerrahpasa Chi-
Idren’s Hospital in the 20 year period from December 1993 to
January 2014. A detailed history was taken from all subjects.
Clinical and laboratory evaluation including full blood count,
urine analysis, liver and renal function tests, coagulation profile,
serum calcium, phosphate, alkaline phosphatase (ALP), plasma
quantitative amino acid, urine organic acid and delta-
aminolevulinate (8-ALA) analysis, abdominal ultrasound and
cardiac echocardiography were performed at the time of presen-
tation. Diagnosis of HT1 was made on detection of elevated SA
in urine/blood samples. Abdominal computed tomography (CT)
and/or magnetic resonance imaging (MRI) were performed on
the basis of suspected HCC.

As soon as the diagnosis had been confirmed all of the patients
were started on a Tyr-Phe restricted diet under the supervision of
a clinical dietician to maintain plasma Tyr <400 pmol/L as rec-
ommended.' Two patients were treated only with diet. Thirty-six
patients received nitisinone therapy divided in one or two doses
along with the diet.>'8*

All patients were followed up with both clinical and labora-
tory investigations. Liver and renal parenchymal changes were
followed on ultrasound and on abdominal CT or MRI if HCC was
suspected. Ocular side-effects were followed up on ophthalmo-
logical examination. Neurocognitive development was followed
on Denver developmental screening test. Intelligence quotient
(IQ) was assessed in those with parental permission.

Non-parametric Mann—Whitney U-test was used for abnor-
mally distributed data. P < 0.05 was considered statistically sig-
nificant. Results are expressed as mean, median and range.

Results
Clinical and biochemical data

Thirty-eight HT1 patients aged between 15 days and 100 months
at the time of diagnosis were studied. Fourteen were female, 24
were male. None of the cases of HT1 was detected on newborn
screening test. Mean age at onset of clinical symptoms was 9
months (range, 0-54 months). Very early onset of symptoms (<2
months) was noted in 12 cases (31%), early onset in 16 cases
(2-6 months), and late onset (>24 months) in seven cases. Mean
age at diagnosis was 19 months (range, 0.5-100 months). Thir-
teen patients were diagnosed with acute, 12 with subacute and 13
with chronic HT1.

Medical history, chief complaints and clinical findings at pres-
entation are summarized in Table 1, Figures 1,2. The median age
at initial complaints was 2 months (range, 0—4.5 months) in
acute, 3.6 months (range, 1-7.5 months) in subacute and 20
months (range, 2-54 months) in chronic HT1, respectively, while
the median interval between the first complaints and diagnosis
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Table 1 Medical history

Medical history n (%)
Consanguinity 24 (63.1)
Family history
Sibling with HT1 6 (15.8)
History of sibling death (unexplained) 5(13.2)
Cirrhosis in sibling 3(8)
Cousin with tyrosinemia type 1 3(8)
Cirrhosis in relative 1(2.6)
Hepatocellular carcinoma in relative 1(2.6)
Birth history
Prematurity (weeks of gestation) 6 (16)
36 3(8)
35 1(2.6)
33 1(2.6)
28 1(2.6)
Small for gestational age 1(2.6)
LGA due to gestational diabetes 3(8)
Neonatal hypoglycemia 2(5.3)

HT1, hereditary tyrosinemia type 1; LGA, large for gestational age.

was 1.3 months (range, 0-3.1 months) in acute, 6.2 months
(range, 0.5-11 months) in subacute, and 17 months (range, 1-67
months) in chronic HT1, respectively. The interval was statisti-
cally significantly different between the groups (P = 0.0002
between acute and subacute HT1; P < 0.0001, acute and chronic;
and P = 0.0001, subacute and chronic). The delay was most
prominent in the chronic form.

Diarrhea

Vomiting

Epistaxis

Jaundice

Fever

Growth retardation
Unusual odor in urine
Irritability—abdominal pain
Abdominal distension
Pallor

Anorexia
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Fig.1 Chief clinical symptoms at presentation.
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Fig.2 Clinical findings at presentation. M, acute hereditary
tyrosinemia type 1 (HT1); " subacute HT1; M, chronic HT1.



On birth history, prematurity was noted in six patients. Four
were moderate/late preterm (32—-<37 weeks) and one was very
preterm (28 weeks). None of them had any other detected risk
factor for premature labor.

On initial anthropometric evaluation five patients were <-2
standard deviation score (SDS) for height and six were <-2SDS
for weight.

On initial laboratory evaluation increase of aspartate
aminotransferase (AST; >40 [U/L) was noted in 29 patients and
of alanine aminotransferase (ALT; >40 IU/L) in 10 patients. Acti-
vated partial thromboplastin time was >40 s in 32/38, and inter-
national normalized ratio was >1.3 in 30/38. All patients had
elevated a-fetoprotein (AFP) for age, of highly variable degree.
Erythrocyte porphobilinogen synthase (ePBGS) was markedly
decreased. Plasma SA, urine SA, Tyr, Phe, methionine and
urinary d-aminolevulinic acid were increased. Tubulopathy was
detected in 36/38 (94.7%): generalized aminoaciduria in 36, gly-
cosuria in 21, metabolic acidosis in eight patients. Clinical rickets
was detected in 25 patients (66%), of whom four had complaints.
Hypophosphatemia was detected in 16, hypocalcemia in nine and
increased ALP in 31 patients. Urinary phosphate results were
available for 13 children at presentation; 12/13 had abnormal
tubular phosphate reabsorption. Eleven patients were found to
be hypoglycemic at the time of presentation: two were
hyperinsulinemic and needed temporary i.v. dextrose infusion
(3—4 mg/kg/min), others responded to oral feeding. Biochemical

Table 2 Laboratory data at presentation
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data and differences in laboratory findings between the groups
are summarized in Tables 2,3.

On renal ultrasonography, nephromegaly was noted in 21
(55%), increased echogenicity in 22 (58%) and nephrocalcinosis
in four patients (10.5%). Hepatic ultrasonography showed hepa-
tomegaly in 36 (94.6%) and splenomegaly in 32 patients (84%).
Hepatic architecture was heterogeneous with granular appear-
ance in 33/38 patients (87%). A total of 26/38 (68.4%) had
hepatic surface nodularity (15 of these patients were <1 year of
age, and eight <6 months of age), 19 (50%) had multiple
hypoechoic nodules, 20 (53%) had multiple hyperechoic nodules
and five (5%) had macronodular appearance detected on either
ultrasonography or MRI even at the time of presentation. Liver
biopsy was performed in 13 patients at the time of presentation
and all had active cirrhosis.

Echocardiography was available in 15 patients. Eleven were
normal, one had mild interventricular septal hypertrophy with
mild mitral insufficiency, one had small muscular ventricular
septal defect, one had ostium secundum atrial septal defect and
one had patent foramen ovale with mild pulmonary stenosis.

Response to treatment

Table 4 lists the results of long-term follow up. Both of the
patients treated with low Tyr/Phe diet only, died due to severe
hepatic dysfunction and massive bleeding, at 11 and 23 months of
age, respectively. Thirty-six patients were treated with nitisinone

Parameter Normal n Mean SD Range

Plasma
AFP (ug/L) <13 38 96 800 140 566 35-624 000
ALT (IU/L) 0-40 38 34.4 21.8 11-102
AST (IU/L) 0-40 38 71.4 329 25-186
GGT (IU/L) 3-25 38 119 73.9 190-269
Ca (mg/dL) 8.4-10.8 38 9.1 0.91 7.51-11.1
P (mg/dL) 2.7-5.5 38 3.07 1.36 1.20-6.10
ALP (IU/L) 60-525 38 1490 1105 170-4 430
Total protein (g/dL) 5.6-8 38 5.7 1.14 3.9-83
Albumin (g/dL) 32-54 38 3.37 0.72 2.1-4.7

Plasma
ePBGS (nkat/g Hb) 0.58-1.25 17 0.071 0.10 0.0-0.32
SAp (umol/L) <0.1 19 34.5 33.8 0.73-136
TYR (umol/L) 50-130 38 409 291.7 23-1 095
PA (umol/L) 40-120 38 133 103.4 15415
Met (umol/L) 20-50 38 371.8 398.3 13.3-1 590

Urine
SA (mmol/mol creatinin) <1 19 503 560 1.4-1 800
DALA (mmol/mol creatinin) 0-3 16 123.6 111.7 11-350
SA (qualitative) None 19 Increased

Coagulation
PT (s) 10.4-14 38 30.3 15.07 13.3-70
PT activity (%) 70-130 38 37.14 21.8 11.3-90
INR 0.85-1.15 38 2.67 1.35 1.05-6.15
aPTT (s) 26-40.8 38 63.4 25.4 14.8-127

AFP, o-fetoprotein; ALP, alkaline phosphatase; ALT, alanine transaminase; aPTT, activated partial thromboplastin time; AST, Aspartate
transaminase; Ca, calcium; DALA, 8-aminolevulinic acid; ePBGS, erythrocyte porphobilinogen synthase; GGT, y-glutamine transaminase; INR,
international normalized ratio; Met, methionine; P, phosphorus; PA, phenylalanine; PT, prothrombin time; SA, succinylacetone; SAp, plasma

succinylacetone; TYR, tyrosine.
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Table 3 Laboratory findings vs type of HT1

Acute (n = 13) Subacute (n = 12) Chronic (n = 13) Significance

ALT (IU/L) 25.5+13.6 45.1 £25.3 334 +£22.1 P =0.03
(11-54)* (16-102) (14-79)

AST (IU/L) 62+16.9 84.8 +42.12 68.1+34 NS
(35-85) (25-186) (29-125)

GGT (mg/dL) 123 £72.8 117+£76 116.4 £ 81 NS
(27-255) (31-256) (19-269)

Total bilirubin (mg/dL) 1.9+1.04 2.62+1.42 1.42+1.28 ‘P =0.016
(1-3.97) (1.24-6.1)¢ (0.41-4.59)

Direct bilirubin (mg/dL) 0.98 +0.57 1.31+0.81 0.61 £ 0.62 ‘P =0.01
(0.27-2.20) (0.39-3.30)¢ (0.06-2.15)

Prothrombin time (s) 37.4+18.9 35.2+10.6 18.3+£3.81 °P =0.008
(14.8-70)° (24.3-54.4)¢ (13.3-27.7) ‘P < 0.0001

Prothrombin activity (%) 314 +21.5 22.87+7.92 56.16 £17.3 P =0.006
(12-80)" (11.34-36.1)¢ (30.5-90) ‘P < 0.0001

APTT (s) 74.4 £27.7 71.5+224 46.16 £ 10.25 bP =0.002
(37.8-127)" (45-119.8)¢ (29.9-71.8) ‘P < 0.0001

INR 3.23£1.62 3.28 £0.922 1.5+£0.32 bP = 0.006
(1.13-6.15)" (1.91-4.75)¢ (1.05-2.13) ‘P < 0.0001

Urea (mg/dL) 13.08 £ 6.97 11.71 £ 4.57 25.92 +22.64 P =0.046
(3-28) (6-20)¢ (4-90)

Creatinine (mg/dL) 0.34+0.1 0.36 £0.12 0.38 £0.14 NS
(0.1-0.5) (0.2-0.67) (0.2-0.64)

Calcium (mg/dL) 9.65 £ 0.80 8.79 £ 0.92 8.92 +0.83 “P =0.032
(8.4-11.1)* (7.6-10.7) (7.51-10)

Phosphorus(mg/dL) 35+ 1.58 2.61+1.16 3.05+1.25 NS
(1.37-6.10) (1.2-4.9) (1.2-4.9)

ALP (IU/L) 1415+1208 2216+1101 825 + 398 “P =0.039
(233-4 108)* (1 007-4 430)¢ (170-1 460) ‘P < 0.0001

Hemoglobin (g/dL) 10.3+2.87 9.04+1.5 9.8 +£2.47 NS
(7.6-19) (7.1-11.2) (6.4-13.9)

Leukocyte (mm?*) 10 946 + 4 668 8820+4215 7 610 £2 998 P =0.035
(4 100-22 900)" (3 250-18 900) (4 250-12 900)

Thrombocyte (mm?) 119 000 £ 36 424 115 000 + 42 464 152 000 + 139 389 NS
(79 000-181 000) (53 000-21 100) (33 000-577 000)

a-Fetoprotein (UL/L) 144 000 £ 171 958 141 000 + 141 588 9160 +17 831 "P < 0.0001
(370-624 000)° (1 530-450 000)¢ (35-65 500) ‘P < 0.0001

ePBGS (nkat/g Hb) 0.09 £0.13 0.08 £ 0.1 0.036 £0.02 NS
(0.00-0.32) (0.01-0.28) (0.02-0.06)

SAp (umol/L)(<0.1) 51.8+43.7 29.8 £24.15 19.8 +23.75 NS
(3.60-136) (0.73-77) (3.9-54.7)

Tyrosine (umol/L) 386 + 230 447 +£357.3 394 £ 272 NS
(112-830) (23-1 095) (137-836)

Phenylalanine (umol/L) 171 £127.8 1280+101.4 98.6 + 64.2 NS
(15-415) (24-346) (51-255)

Methionine (umol/L) 533 +£385.4 477.7 £ 447.4 63.1 £52.6 P =0.001
(48-1 108)" (70-1 590)¢ (13.3-158) ‘P =0.001

Urine DALA (mmol/mol creatinin) 250 £ 116.2 90.4 + 82.8 54.3+40.4 P =0.039
(104-350)*> (16-243) (11-91) P =0.034

SAu (mmol/mol creatinin) 709 +476.2 554 + 663 80+46.3 NS
(5.9-1 400) (1.4-1 800) (12-116)

“Acute vs subacute; Pacute vs chronic; “subacute vs chronic. ALP, alkaline phosphatase; ALT, alanine transaminase; APTT, activated partial
thromboplastin time; AST, aspartate transaminase; DALA, §-aminolevulinic acid; ePBGS, erythrocyte porphobilinogen synthase; GGT,
v-glutamine transaminase; HT1, hereditary tyrosinemia type 1; INR, international normalized ratio; NS, not significant; SAp, plasma

succinylacetone; SAu, urine succinylacetone. Statistically significant values as expressed in bold.

and diet. The mean interval between diagnosis and nitisinone
treatment was 20 days (range, 0-120 days). Initiation of
nitisinone treatment was done at <6 months of age in 14 patients
(39%), 7-12 months in nine patients (25%), 13—24 months in two
patients (5.5%) and after 24 months in 11 patients (30.5%).
Long-term follow up was carried out for a period of 1.5-239
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months (mean, 67.4 months): in eight for <6 months (22%), in
two for 7-12 months (5.5%), in seven for 13-48 months (19%),
and in 19 for 49-239 months (53%).

The mean dosage of nitisinone was 1.2 mg/kg/day (range
0.6-2 mg/kg/day) with an average plasma level of 41 umol/L.
The dose was adjusted according to the plasma nitisinone level



Hereditary tyrosinemia type 1 in Turkey 285

‘p1oq ur passaidxa are dn-mojoy ayy Suunp
paip syuaned oy, -outuere[Auayd ‘Qyq ‘oursoik) ILJ, ‘ouoursniu ‘OGN ‘uonejuedsuey 1Al ‘[T ‘uonejue[dsuen I9AI] Jouop SulAl] ‘[ 1A ¢1 2dA) erwoursolk) Arejipalay ‘[ LH ‘ewourored re[njeooieday ‘OOH

(DOH paroadsns 03 anp [T 10j Sunrem) ALY [4 I 94 0C 101p OY-IKL, MO + DELIN RILLL ) [10)
(Juowrean) AIe3a1p M 0oueI[duod-uou JuauneaI) Jo SYIUOW /4 I)e ‘I T ANY 0S 06 6¢ 8¢ 191p QYJ-IAL, MOT + DFIN o1uoxy) 4o}
(yuounyean
Arerorp gim oouerdwod-uou 01 NP UL JO SYUOW ¢ I LIAT) QAY 84 Sl 0¢ ¥C 191p AYJ-IAL MOT + DELN RILLL ) 11D
(uounean jo yuow yig Je Aderoyiowrdys Sutmp parp :HJH dneiselow) parq 14 0¢ 001 123 101p oYg-IKT, MOT + DELIN Soys 01D
AAIY LTC Sl L S 191p AYJ-IAL MOT + DELN doy 6D
(Juouriean Jo yuow Q| e JuIpad|q
[e9oLIBA dAISSEW pue uoisuayadAy feirod o) anp yjeop ‘osuodsar renred) parq 7T 0 L'8Yy ov 191p YJ-IAL, MOT + DEIN JoIy) o)
(uonejuerdsuen je pajod)ap
erse[dsAp ‘uounearn jo syiuowr g9 10)ye ‘DOH parvadsns 03 anp 1D RAIY SI1 LS 0s C 101p oYd-IKL, MO + DELIN SoIyy LD
(Juowzean Jo syuow /g je DDH O3 onp
[yeap 0) po UoISIdAP syuared o) onp Juounear) DN JO uonessad juoueurrad) parq SS 0¢ 09 9¢ 191p QYJ-IAL, MOT + DELN oony) 9D
AAIY 9L 4! §9C 4! 101p 9YJ-IAL, MOT + DELIN Sorys 5]
(yuounyean
Jo syjuow § Je Surpag[q [eddLrea [eadeydose pue Aouaroyjnsur oneday o) anp
Bap 0] Po[ UOISIOAP sjuared 0) anp juounean HIN JO uonessad juoueuiad) parq Tl 0¢ €€ T 191p AYJ-IAL, MOT + DELIN o) %)
(uoneyuerdsuen je pejoR)ap DDH DDH paoadsns pue
juouRan YIM douRIdwod-uou 0) anp ‘yusuIeaI) JO SYIUOW €9 JYe ‘I IJT) AY 79 0¢ LT % 191p AYJ-IAL, MOT + DELIN o) (%)
AAIY 0€ 0 61 8 191p AYJ-IAL MOT + DELN Joyy [%e}
(soonreA eaSeydosa Surpagq pue Aouaroyjnsur dnedoy) parq z 0 €T 9 J31p AYJ-IA], MO J1uoIy)D o)
(osuodsar [enied 0 onp [T 10§ ISI[ 21 UQ) AAIY [4 0 cl [ 101p OUg-IAL MOT + DELN  @Imoeqng (48
‘uonjejuedsuen) je pojoolop
sem DDH "DOH Parvadsns 01 onp Juounedn Jo Syuow gy 1 JIAT) PAIY 144 0 6 I 101p OUg-IAL MOT + DELN  9Imoeqng 1S
IAIY 8C¢C 4! 8 ST 101p OYJ-IAL MOT + DELN  9Imoeqng 0rs
(uoneyuedsuen 1e pajoa1p DOH “L1AT) PANY 881 9C €l 9 101p OUg-IAL MOT + DELN  9Imouqng 6S
AAIY [41! 8 Cl % 191p UJ-IAL MOT + DELN  mdeqng 8S
AAIY 29 81 90°L S 101p OUg-IAL MOT + DELN  9Imoeqng LS
AAIY 11 S 99 9 191p AYJ-IAL MOT + DELN  mdeqng 9s
AAY 01 0cl1 8I'8 I 101p oUJ-IAL MOT + DELIN  9Imoeqng S
(sypuowr g 103 Jusunean jo uondnuur Suump yoene yi-eukydiod o) anp) parq ST 9 L9 SLE 121p AYJ-IAL MOT + DFIIN Anoeqng S
(Kouaroyynsur oneday 0] anp SuIpadq dAISSEW) PA 4 0 971 S'¢ 191p AYJ-IAL, MO noeqng IS
(o8 Jo syyuow gg e Judunean Jo Yiuour [ & paIp DOH) PAd cl 0cl 8 S'L 101p OUd-IAL MOT + DELIN  @Imouqng s
(Aderayy jo sypuow ¢ aydsap Ayjedorn3eod
9[qejoenul pue do1punel Sursearour yhim Koudroyynsur onedoy ‘ropuodsar-uou) parq LT o€ 8 G¢ JAIp YJ-IAL MOT + DGIN  dnoeqnsg IS
IAIY oSl L 60°S [4 101p 9YJ-IAL, MOT + DELIN Aoy (04
QY 8¢CI 8 ¢8'¢ S 101p oYg-IKT, MO + DELN QAMdY 484
IAIY cC 0 yi'y 'y 191p AYJ-IAL MOT + DELN QoY 1y
QA LS 0 € € 101p oYg-IKT, MO + DELN QMY 01v
AAIY 14 0 €70 0 191p AYJ-IAL MOT + DELN QAMdY 6V
(177 1oy Suprem ‘quounean o) asuodsar rented) oAIy S ST S 4 191p AYJ-IAL, MOT + DFIN Aoy ]V
AAIY 8 0 € 4 191p AYJ-IAL MOT + DELN QAMdY LV
ALY 6L 0 LTy [4 101p 9Yg-IKL, MOT + DELIN ANy 9V
PAIlY SL 0 €T S 191p OYg-IKT, MO + DELIN QAMdY 54
AAIY S 101 81 8T I 101p 9YJ-IKL, MOT + DELIN ANy 144
AAIY L9 0 (483 Soe 101p OYg-IKL, MO + DELIN QMY £V
AAIY 8! 0 y'e ¥'C 101p 9YJ-IAL, MOT + DELIN QMY (44
(ppoys ondas o) anp) parq S9°¢ S € I 191p oyg-IKL, MO + DELN QoY 1V
(syyuour)
(syjuour) judwean (syyuour) (syyuour)
dn mor[oy pue sisougerp sisougerp  swoldwAs jo ‘ou
Jnsoy Jo Sua ]  usamIaq uoneIn(g Je A8y Jasuo Je a8y JuaUIBAI], odKy 1LH  weneq

I.LH JO QWooIno [edMul)) ¢ AqEL

© 2014 Japan Pediatric Society



286 AC Aktuglu Zeybek et al.

that was considered adequate (between 30 and 60 pmol/L). No
urinary SA excretion was detected under nitisinone treatment, but
interruption of the treatment led to re-excretion. Treatment adher-
ence to nitisinone was very good in all except three chronic
patients. Compliance with the dietary treatment was good in
eight patients (Tyr <400 pumol/L), moderate in 14 (Tyr 400-
600 pmol/L) and bad in 14 patients (Tyr >600 umol/L).

Good metabolic control was achieved in 31 patients with
normalization of the hypoprothrombinemia and decrease in AFP.
One acute, one subacute and two chronic HT1 patients had only
partial response to nitisinone treatment after 2, 3, 6 and 7 months
of treatment, respectively. One of the chronic HT1 patients died
due to variceal bleeding as a result of portal hypertension, and
another two patients were under evaluation for living donor (LD)
LT at the time of writing. One subacute HT1 patient did not
respond to therapy and died due to hepatic insufficiency.

Among 27 patients who had been followed for >6 months,
AFP normalized (<13 pug/L) in 4/27 (15%) within the first year of
therapy, in 13/27 (48%) at 12-24 months, and in 7/28 (25%) at
25-48 months of therapy.

Two subacute and one chronic HT1 patients had persistent
high AFP with normal liver function tests despite nitisinone treat-
ment. All were diagnosed with HCC. One patient died during
follow up, one had just undergone transplantation and one was
being prepared for LT at the time of writing. Secondary increase
in AFP after normalization was also detected in four patients (one
acute, two subacute, one chronic). Only one responded to
increase of nitisinone level, but the other three underwent trans-
plantation: two had HCC and one had hepatic dysplasia detected
at LT.

None of the 36 patients with tubulopathy had glomerular
involvement, nor developed renal insufficiency. Two patients
required temporary supplementation of bicarbonates. Rickets
was cured in all 26 patients.

Porphyria-like crisis was not detected under regular nitisinone
treatment. Interrupted nitisinone treatment for approximately 8
months resulted in death due to severe polyneuropathy with
phrenic paresis and respiratory insufficiency in one subacute HT'1
patient, and severe abdominal pain due to porphyria-like attack
for 2 and 3 months of interruption, respectively, in two subacute
HT1 patients.

The only patient with left ventricular septal hypertrophy
responded well to nitisinone therapy with disappearance of the
hypertrophy. Cardiomyopathy was not reported during the
treatment.

Height and weight development normalized in 29 patients, but
two patients remained at <2 SDS for height and five remained at
<2 SDS for weight.

Overall, six patients underwent LDLT. The median age at
transplantation was 90 months (range, 55-172 months) and the
median age of treatment at the time of transplantation was 63
months (range, 33-159 months). Suspected HCC with normal
liver function tests was the reason for LDLT in two subacute and
one chronic HT1 patient. Serious difficulty in adherence to
dietary treatment was the reason LDLT for two chronic HT1
patients; both maintained adequate nitisinone level (54.7 and
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79.1 umol/L, respectively) but had high plasma Tyr concentra-
tion (430 and 693 pumol/L, respectively). Non-compliance with
both nitisinone and dietary treatment along with HCC suspicion
was the reason for LDLT in one chronic HT1 patient. He had
neither maintained adequate nitisinone nor Tyr (4.7 umol/L and
567 umol/L, respectively).

Two siblings, patients A1l and S7, had been followed up at
another pediatric metabolic diseases unit after 22 months and 62
months of treatment, respectively.

No adverse effect required interruption of nitisinone treat-
ment. Two patients complained of foreign body sensation in the
eyes at plasma Tyr concentration 865 and 1290 umol/L with
subepithelial corneal opacities. Eye symptoms resolved with
strict adherence to diet and decrease of plasma Tyr <400 pmol/L.
No cutaneous lesions were detected. Two patients had transient
leukopenia and two had transient thrombopenia without clinical
consequences.

Eleven patients had cognitive evaluation: two undertook the
age-appropriate Wechsler Scale IQ test (Wechsler Intelligence
Scale for Children for age 717 years), eight were assessed with
the Stanford-Binet Intelligence Scale, and one was assessed with
the Cattell Culture Fair Intelligence Test. The mean total IQ was
84 (range 55-115). Low IQ score was associated with special
education attendance. Stanford-Binet 1Q test was repeated at a 3
year interval in only one patient, with a decline from 91 to §88.
Nine patients were evaluated with the Denver II test. The mean
total score was 86 (range, 60—100).

Discussion

Hereditary tyrosinemia type 1 has a birth incidence of approxi-
mately 1 in 100 000 in most countries but is more common in
Quebec, Canada due to the founder effect.' The exact incidence
of HT1 in Turkey is unknown. Partly due to the high rate of
consanguineous marriage (up to 20-25%), Turkey has a high
estimated prevalence of inborn errors of metabolism.*? The rate
of consanguinity in the present cohort was high (63%) although
lower than in Egypt, another country with a high rate of consan-
guineous marriage.”® HT1 is not part of the newborn screening
program, making it nearly impossible to diagnose a patient in the
asymptomatic period in Turkey. None of the present patients was
diagnosed in the newborn period, except one who was a sibling of
another HT'1 patient.

Due to severe clinical findings, the time between onset of
symptoms and diagnosis was shortest in the acute HT1 group.
Anorexia, pallor, abdominal distension and irritability with
abdominal pain were the most common complaints. Most of the
infants were diagnosed with infantile colic at the onset of symp-
toms. The insidious course of the disease resulted in delay in
diagnosis in the chronic HT1 patients, as seen in previous
reports."'>13?7 The most striking difference was seen in a chronic
HT1 patient, in whom symptoms started at 5 months of age but
who was diagnosed at 6 years of age.

In all patients, the first manifestations of HT1 ranged from
asymptomatic hepatomegaly to severe hepatic insufficiency, cir-
rhosis and HCC. Anemia and rickets were the other common
clinical findings. Mild increase in ALT and AST with disruption



of liver synthesis functions and elevated ALP and AFP were the
most striking laboratory findings. The laboratory findings were
more severe in acute HT1. Plasma Tyr was not always elevated,
consistent with previous reports recommending using SA instead
of Tyr in newborn screening of HT1.%*? Plasma and urine SA
were increased in both mild and severe cases; 24 h urine collec-
tion was needed in one subacute HT1 patient. Although SA was
lower in chronic cases, no significant difference was noted
between groups.

The Tyr/Phe restricted diet alone was not effective and both
patients died. In 36 patients the initial nitisinone dose ranged
from 0.6 to 2 mg/kg/day in two divided doses, as described.?**
On follow up, the mean dose (1.2 mg/kg/day) was slightly higher
than the standard recommendation of 1 mg/kg per day**® and
higher than the suggested dose in the El-Karaksy et al. and Couce
etal. studies.”***° The mean nitisinone blood level was
41 umol/L, within the recommended level, and was sufficient to
eliminate SA excretion.**

Disruption of the hepatic architecture was a common finding
along with nodularity even at the time of presentation, especially
in late diagnosed patients. Nitisinone treatment was not effective
in complete reversion of the hepatic lesions and normalization of
the architecture, except in two patients. De novo hyperechoic and
hypoechoic nodule formation were also detected despite
nitisinone treatment without increase in AFP, although
hypoechoic de novo nodule formation should always be an alert
for HCC.

In the present cohort, complete unresponsiveness was noted in
one subacute HT1 (S1) patient diagnosed at 8 months of age:
although he was treated with nitisinone (2 mg/kg/day), he died
due to progressive hepatic insufficiency in the second month of
treatment. Two patients (Al, S12) had partial response to
nitisinone treatment with partial recovery in the coagulation
profile, and were under evaluation for LT after 6 months and 2
months of treatment, respectively. All of the non/partial-
responder patients had severe hepatic insufficiency at presenta-
tion. Unresponsiveness to nitisinone has already been reported
but still the reasons for lack of response have not been clearly
identified."® Methionine level can be an indicator for non/partial
response. There was no significant difference in plasma
methionine level between responders (mean, 356.3 umol/L;
range, 13.3-1590 umol/L) and non/partial-responders at presen-
tation (mean, 465 pmol/L; range, 70-820 umol/L) but the
increased methionine did not decrease to normal (20-50 pmol/L)
despite maintenance of adequate nitisinone and Tyr. There was
a significant difference between both groups during follow
up: mean plasma methionine was 15.9 umol/L. (range,
12-39 pumol/L) in responders, while it was 265 pumol/L (range,
79—470 umol/L) in non/partial-responders (P < 0.001). It is also
important to decide when to refer these patients for LT, given that
time for recovery from severe liver failure is variable in severely
ill patients.®

Although nitisinone had significantly improved survival in the
present cohort, the overall survival rate of the 36 patients treated
with nitisinone was 78%. This rate is higher than in pre-
nitisinone reports. van Spronsen et al. reported that the natural
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course of the disease resulted in a mortality rate of 75% for those
children diagnosed at <2 months of age by 2 years; 70%, for
those diagnosed at 2—6 months of age by 6 years of age; and 40%
for those diagnosed at >6 months of age by 10 years of age."”
Still, the survival rate in the present cohort was lower than in the
French and Spanish series, with rates of 97.8% and 100%,
respectively.’®*?* The most striking difference between the
present study and these studies was that nitisinone treatment was
initiated after 6 months of age in 69% of the present patients.
Temporary interruption of the treatment due to various reasons
(e.g. health insurance problems) was common in the present
cohort. Permanent interruption of nitisinone treatment resulted in
death in three patients. One patient died due to HCC, one patient
due to hepatic insufficiency and one because of respiratory insuf-
ficiency due to porphyria-like attack. The latest data suggest that
early nitisinone treatment was the key factor in the good outcome
of the neonatally treated patients, and that a combination
of neonatal screening and early nitisinone treatment is
recommended.”” But even in early diagnosis patients, drug
interruption can lead to increased mortality rate, especially due to
HCC.

Liver cancer has been reported as an important risk for
patients with HT1 treated with nitisinone.'*'®**% Development of
HCC is the main risk for patients with the chronic form or who
have been treated with nitisinone after 2 years of age.**** The risk
increases if the patient has persistent high AFP and/or has a slow
AFP decrease without reaching a normal level.'* In the present
cohort, three patients had persistent high AFP along with normal
liver function tests, all with proven HCC. Secondary AFP
increase was detected in three patients: two with HCC and one
with dysplastic changes detected during transplantation. Among
these three patients, two had periods of drug interruption of 1-3
months and one was non-compliant to both nitisinone and dietary
treatment. The present data support the findings of a previous
report that slow decrease of AFP, AFP that never reaches long-
standing normalization and secondary increase of AFP are
indicative of the development of liver cancer in later life.'*?
Close follow up of serum AFP, even of minor changes, is impor-
tant for early detection of HCC and hepatocellular dysplasia
especially in late-diagnosis patients. Serial liver ultrasound is
also important especially when hypoechoic nodules are detected.
All patients with HCC had hypoechoic nodules detected on ultra-
sound, although malign transformation was not definitely proven
on abdominal MRI.

Renal tubular dysfunction with increased echogenicity was
common in the present patients, as previously described.*® The
findings resolved with nitisinone treatment although asympto-
matic nephrocalcinosis persisted in 4/4 patients. None of
the patients developed renal insufficiency during nitisinone
treatment.

Episodes of acute neuropathy that clinically resemble
porphyric crises occur in up to 50% of untreated children.*® The
mortality is up to 65%.""* Competitive inhibition of ALA
dehydratase by SA results in a rise in serum ALA and PBG.**
Normalization of SA in blood, correction of the complete inhi-
bition of PBGS in erythrocytes during nitisinone treatment
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protects against porphyric crisis."* Schlump et al. reported that
interruption of nitisinone treatment can cause severe neurological
crisis in patients with HT1.% In the present cohort, interrupted
nitisinone treatment resulted in porphyria-like attacks
in three patients, and death in one patient due to respiratory
insufficiency.

Although cardiomyopathy has been reported as a frequent
finding in HT1, in the present cohort only one patient had septal
hypertrophy that responded to nitisinone therapy.'® Neither the
mechanism nor the natural history of this complication is under-
stood. It is suggested that the cardiomyopathy may be due to
direct cardiotoxicity of circulating Tyr metabolites during a criti-
cal period of vulnerability, and nitisinone reduces the level of
these metabolites.'

Compliance with dietary treatment is one of the serious prob-
lems with nitisinone treatment, especially with increasing age.
The recommended level of Tyr, 200400 wmol/L, is difficult to
achieve. Compliance became poorer as the child grew older.
Even patients with good and moderate compliance had periods of
bad control. The serious dietary non-compliance problems led
the parents to prefer LDLT in the present cohort.

Variation of plasma Tyr seems to be an important pathogenic
factor in abnormal intellectual development and attention
disorder in HT1 patients under long-term treatment with
nitisinone.** In the present cohort, 11 patients had cognitive
evaluation and the mean total IQ was 84 (range, 55-115). Only
one patient had repeated 1Q measurement and a decrease of
3 points was noted. These findings were consistent with recent
studies. Bendadi ef al. noted that the average total 1Q score in 10
patients with HT1 receiving nitisinone was significantly lower
compared with their unaffected siblings. Repeated 1Q measure-
ment in a single-center subset of five patients noted a decline in
average IQ score over time.* Attention deficit and learning dif-
ficulties were common, but behavior was not evaluated in the
present cohort.

Lack of gene analysis for the confirmation of diagnosis was a
limitation of the present study, and is being addressed in another
study.

Conclusion

Nitisinone treatment is effective and improves both the short-
term and the long-term prognosis of HT1. Still, early diagnosis
on newborn screening is needed because late diagnosis along
with delay in treatment carries the risk of persistence of hepatic
disease and HCC. In countries where HT1 is not part of
newborn screening, it is important to be able to recognize the
clinical and laboratory findings in order to prevent delay in
diagnosis. More importantly, adding HT1 screening to the
nationwide screening program in Turkey is necessary for early
diagnosis and facilitation of early treatment, to decrease the
mortality and morbidity of the disease both in the short and
long term.

Furthermore, multicenter studies in Turkey are needed in
order to estimate both the incidence and the clinical course of the
disease, with proposed guidelines to improve the long-term
outcome of HT1 patients.

© 2014 Japan Pediatric Society

References

1 Chakrapani A, Gissen P, McKiernan P. Disorders of tyrosine
metabolism. In: Saudubray J-M, van den Berghe G, Walter JH
(eds). Inborn Metabolic Diseases, 5th edn. Springer, Heidelberg,
2012; 265-76.

2 McKiernan PJ. Nitisinone in the treatment of hereditary
tyrosinaemia type 1. Drugs 2006; 66: 743-50.

3 Jorquera R, Tanguay RM. Fumarylacetoacetate, the metabolite
accumulating in hereditary tyrosinemia, activates the ERK
pathway and induces mitotic abnormalities and genomic instabil-
ity. Hum. Mol. Genet. 2001; 10: 1741-52.

4 Sassa S, Kappas A. Hereditary tyrosinemia and the heme
biosynthetic pathway. Profound inhibition of delta-aminolevulinic
acid dehydratase activity by succinylacetone. J. Clin. Invest. 1983;
71: 625-34.

5 Labelle Y, Phaneuf D, Leclerc B, Tanguay RM. Characterization
of the human fumarylacetoacetate hydrolase gene and identifica-
tion of a missense mutation abolishing enzymatic activity. Hum.
Mol. Genet. 1993; 2: 941-6.

6 de Laet C, Dionisi-Vici C, Leonard JV et al. Recommendations for
the management of tyrosinaemia type 1. Orphanet J. Rare Dis.
2013; 8: 8 (Review).

7 Forget S, Patriquin HB, Dubois J et al. The kidney in children with
tyrosinemia: Sonographic, CT and biochemical findings. Pediatr.
Radiol. 1999; 29: 104-8.

8 Jacobs SM, van Beurden DH, Klomp LW, Berger R, van den Berg
IE. Kidneys of mice with hereditary tyrosinemia typel are
extremely sensitive to cytotoxicity. Pediatr. Res. 2006; 59: 365-70.

9 Russo P, O’Reagan S. Visceral pathology of hereditary tyrosinemia
type 1. Am. J. Hum. Genet. 1990; 47: 317-24.

10 Arora N, Stumper O, Wright J, Kelly DA, McKiernan PJ. Cardio-
myopathy in tyrosinaemia type I is common but usually benign.
J. Inherit. Metab. Dis. 2006; 29: 54-7.

11 Baumann U, Preece MA, Green A, Kelly DA, McKiernan PJ.
Hyperinsulinism in tyrosinemia type 1. J. Inherit. Metab. Dis.
2005; 28: 131-5.

12 Scott CR. The genetic tyrosinemias. Am. J. Med. Genet. C Semin.
Med. Genet. 2006; 142C: 121-6 (Review).

13 van Spronsen FJ, Thomasse Y, Smit GP etal. Hereditary
tyrosinemia type I: A new clinical classification with difference in
prognosis on dietary treatment. Hepatology 1994; 20: 1187-91.

14 Lindstedt S, Holme E, Lock EA, Hjalmarson O, Strandvik B.
Treatment of hereditary tyrosinaemia type 1 by inhibition of
4-hydroxy-phenylpyruvate dioxygenase. Lancet 1992; 340: 813—
17.

15 Holme E, Lindstedt S. Diagnosis and management of tyrosinemia
type 1. Curr. Opin. Pediatr. 1995; 7: 726-32.

16 Holme E, Lindstedt S. Tyrosinaemia type 1 and NTBC (2-(2-nitro-
4-trifluoromethylbenzoyl)-1,3-cyclohexanedione).  J.  Inherit.
Metab. Dis. 1998; 21: 507-17.

17 Lock EA, Ellis MK, Gaskin P et al. From toxicological problem to
therapeutic use: The discovery of the mode of action of 2-(2-nitro-
4-trifluoromethylbenzoyl)-1,3-cyclohexanedione (NTBC), its toxi-
cology and development as a drug. J. Inherit. Metab. Dis. 1998; 21:
498-506.

18 Santra S, Baumann U. Experience of nitisinone for the pharmaco-
logical treatment of hereditary tyrosinaemia type 1. Expert Opin.
Pharmacother. 2008; 9: 1229-36.

19 Larochelle J, Alvarez F, Bussieres JF et al. Effect of nitisinone
(NTBC) treatment on the clinical course of hepatorenal
tyrosinemia in Québec. Mol. Genet. Metab. 2012; 107: 49-54.

20 Dhillon KS, Bhandal AS, Aznar CP, Lorey FW, Neogi P.
Improved tandem mass spectrometry (MS/MS) derivatized method
for the detection of tyrosinemia type I, amino acids and
acylcarnitine disorders using a single extraction process. Clin.
Chim. Acta 2011; 412: 873-9.



21

22

23

24

25

26

27

28

29

30

31

32

Morrissey MA, Sunny S, Fahim A, Lubowski C, Caggana M.
Newborn screening for Tyr-I: Two years’ experience of the New
York State program. Mol. Genet. Metab. 2011; 103: 191-2.
Zytkovicz TH, Sahai I, Rush A efal. Newborn screening for
hepatorenal tyrosinemia-I by tandem mass spectrometry using
pooled samples: A four-year summary by the New England
newborn screening program. Clin. Biochem. 2013; 46: 681-4.
Schlune A, Thimm E, Herebian D, Spiekerkoetter U. Single dose
NTBC-treatment of hereditary tyrosinemia type 1. J. Inherit.
Metab. Dis. 2012; 35: 831-6.

Tungbilek E, Ozgiic M. Application of medical genetics in Turkey.
Turk. J. Pediatr. 2007; 49: 353-9.

Ozalp I, Coskun T, Tokol S, Demircin G, Mdnch E. Inherited
metabolic disorders in Turkey. J. Inherit. Metab. Dis. 1990; 13:
732-8.

El-Karaksy H, Fahmy M, El-Raziky M etal. Hereditary
tyrosinemia type 1 from a single center in Egypt: Clinical study of
22 cases. World J. Pediatr. 2011; 7: 224-31.

Raimann E, Cornejo V, Arias C et al. Clinical follow-up of Chilean
patients with tyrosinemia type 1 treated with 2-(2-nitro-4-
trifluoromethylbenzoyl)-1,3-ciclohexanedione (NTBC). Rev. Med.
Chil. 2012; 140: 169-75 (in Spanish).

Jenkins J. Orphadin. 2002. [Cited 30 December 2013.] Available
from URL: http://www.accessdata.fda.gov/drugsatfda_docs/label/
2002/212321bl.pdf

Roth KS. Tyrosinemia (Emedicine Website). 2007. [Cited 30
December 2013.] Available from URL: http://www.emedicine
.com/ped/TOPIC2339.HTM

Couce ML, Dalmau J, del Toro M, Pintos-Morell G,
Aldamiz-Echevarria L. Spanish Working Group on Tyrosinemia
type 1. Tyrosinemia type 1 in Spain: Mutational analysis, treatment
and long-term outcome. Pediatr. Int. 2011; 53: 985-9.
El-Karaksy H, Rashed M, El-Sayed R et al. Clinical practice.
NTBC therapy for tyrosinemia type 1: How much is enough? Eur:
J. Pediatr. 2010; 169: 689-93.

Masurel-Paulet A, Poggi-Bach J, Rolland MO er al. NTBC treat-
ment in tyrosinaemia type I[: Long-term outcome in French
patients. J. Inherit. Metab. Dis. 2008; 31: 81-7.

33

34

35

36

37

38

39

40

41

42

43

44

Hereditary tyrosinemia type 1 in Turkey 289

Holme E, Lindstedt S. Nontransplant treatment of tyrosinemia.
Clin. Liver Dis. 2000; 4: 805—14.

Weinberg AG, Mize CE, Worthen HG. The occurrence of
hepatoma in the chronic form of hereditary tyrosinemia. J. Pediatr.
1976; 88: 434-8.

Van Spronsen FJ, Bijleveld CM, Van Maldegem BT, Wijburg FA.
Hepatocellular carcinoma in hereditary tyrosinemia type I despite
2-(2nitro-4-3-trifluoro-methylbenzoyl)-1,3-cyclohexanedione
treatment. J. Pediatr. Gastroenterol. Nutr. 2005; 40: 90-93.
Koelink CJ, van Hasselt P, van der Ploeg A, van den
Heuvel-Eibrink MM, Wijburg FA, Bijleveld CM. Tyrosinemia type
I treated by NTBC: How does AFP predict liver cancer. Mol.
Genet. Metab. 2006; 89: 310-15.

Kalkanoglu HS, Coskun T. Neurological crisis mimicking acute
pancreatitis in tyrosinemia type 1. Turk. J. Pediatr. 1999; 41:
501-4.

Mitchell G, Larochelle J, Lambert M et al. Neurologic crises in
hereditary tyrosinemia. N. Engl. J. Med. 1990; 322: 432-7.
Russo P, Mitchell G, Tanguay R. Tyrosinemia: A review. Pediatr.
Dev. Pathol. 2001; 4: 212-21.

Schlump JU, Perot C, Ketteler K et al. Severe neurological crisis in
a patient with hereditary tyrosinaemia type I after interruption of
NTBC treatment. J. Inherit. Metab. Dis. 2008; 31 (Suppl. 2):
S223-5.

De Laet C, Munoz VT, Jaeken J efal. Neuropsychological
outcome of NTBC-treated patients with tyrosinaemia type 1. Dev.
Med. Child Neurol. 2011; 53: 962—4.

Thimm E, Richter-Werkle R, Kamp G, Molke B, Herebian D, Klee
D. Neurocognitive outcome in patients with hypertyrosinemia type
1 after long-term treatment with NTBC. J. Inherit. Metab. Dis.
2012; 35: 263-8.

Bendadi F, de Koning TJ, Visser G et al. Impaired cognitive func-
tioning in patients with tyrosinemia type 1 receiving nitisinone.
J. Pediatr. 2014; 164: 398-401.

Pohorecka M, Biernacka M, Jakubowska-Winecka A et al.
Behavioral and intellectual functioning in patients with
tyrosinemia type 1. Pediatr. Endocrinol. Diabetes Metab. 2012;
18: 96-100.

© 2014 Japan Pediatric Society


http://www.accessdata.fda.gov/drugsatfda_docs/label/2002/21232lbl.pdf
http://www.accessdata.fda.gov/drugsatfda_docs/label/2002/21232lbl.pdf
http://www.emedicine.com/ped/TOPIC2339.HTM
http://www.emedicine.com/ped/TOPIC2339.HTM

