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Executive Summary 

On August 31, 2018, Mission Phaim acal Company submitted a 505(b)(2) application for Thiola EC 
Tablets 100 and 300 mg. Per the Applicant, Thiola EC Tablets 100 and 300 mg were developed as an 
enteric-coated tablet (bH~~to provide a new dosage strength (300-mg tablet). Thiola 
(tiopronin) tablets are approved for the prevention of cystine (kidney) stone fonnation in patients with 
severe homozygous cystinuria with urinaiy cystine greater than 500 mg/day, who are resistant to 
treatment with conservative measures of high fluid intake, alkali and diet modification, or who have 
adverse reactions to d-penicillamine (NDA 019569). ltif<~ 

NDA 211843 is based on two phaimacokinetic (PK) studies, available data from the published literature, 
and pha1macovigilance info1mation for the approved product. 16n~ 

The clinical review focused on the safety findings in the PK studies, submitted inf01m ation from the 
published literature, and phaim acovigilance info1m ation and submitted data suppo1iing safety and 
effectiveness across the pediatric age range. In brief: 

• There were no concerning safety findings in the submitted PK studies and the submitted safety 
data from the published literature and post-marketing phaimacovigilance data do not indicate any 
obvious new safety signals in adults. 

• The cited published experience in pediatric patients suppo1is the safety and effectiveness of 
tiopronin across the pediatric age range. Efficacy/PD indicate that treatment with tiopronin 
reduces urinaiy excretion of cysteine across all pediatric age groups and may reduce and/or 
prevent stone fonnation. The available data suggest that doses less than 15 mg/kg/day may be 
inadequate and that doses of20 mg/kg/day may be needed to achieve efficacy in some pediatric 
patients. Risks in pediatric patients appeai· to be similai· to those seen in adults. Cases of 
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proteinuria and the nephrotic syndrome have been reported in pediatric patients; the available data 
suggest a greater risk for this adverse reaction at doses greater than 50 mg/kg/day. The submitted 
data were also reviewed by the Division of Pediatric and Maternal Health who agree that the 
available data support use in pediatric patients across the entire age range. As noted in their 
review, based on the recommended weight-based pediatric dosing (15 mg/kg/day), Thiola EC 100 
mg and 300 mg tablets can only provide appropriate dosing in patients weighing 20 kg or greater 
who are able to swallow pills. Hence, the indication should be limited to this population.

In conclusion, from a clinical perspective, the application may be approved. 

Safety findings in PK Studies 
A total of 52 healthy subjects were randomized in Studies MPC-Tiopronin-001 and MPC-Tiopronin-002. 
All 12 subjects completed Study MPC-Tiopronin-001; a total of 33 of 40 subjects completed MPC-
Tiopronin-002. According to the applicant, the 7 subjects who withdrew from the study withdrew for 
personal reasons. All 12 subjects in MPC-Tiopronin-001 received at least one dose of study drug (Thiola 
EC 300 mg). Of the 40 subjects in Study MPC-Tiopronin-002, 37 received at least 1 dose of 3 Thiola IR 
100 mg and 37 received at least one dose of Thiola EC 300 mg. No deaths, serious adverse events, or 
new safety findings were reported in the two pharmacokinetic studies.

Safety information from published literature 
Search Strategy
The applicant’s search of the published literature focused on articles published from 1988, the year of 
Thiola’s approval, to May 4, 2018 (date of the search). The search was done in PubMed; no additional 
publications were identified on TOXNET/TOXLINE. Search terms included 1953-02-2 (the Chemical 
Abstracts Service (CAS) registry number), tiopronin, thiola, 2-mercaptoprioponylglycine OR 
mercaptopropionylglycine. Abstracts and publications were reviewed to identify relevant articles. 
Relevant articles were defined as those in which tiopronin was the test article used as a single agent and at 
least one of the following types of data were provided:
 Dose and/or effects on pharmacodynamics, pharmacokinetics, efficacy, or safety were described;
 Pharmacogenomic relationships were described (e.g., those related to gene alleles for 

cytochromeP450 enzymes (CYPs)/transporters or other molecular markers);
 The mechanism of action of tiopronin was evaluated;
 Information related to other uses of tiopronin were described; 
 The article was a review article, an editorial, or a guidance.
Publications were considered not relevant if tiopronin was used in combination treatment, it was 
conjugated to another agent, or data were duplicated in another article.

Findings
According to the applicant, the search identified 125 publications including 81 clinical studies (55 
prospective and 21 retrospective) and 45 case reports (one publication was counted both as a clinical 
study and as a case report) that included information on 2,328 subjects who received tiopronin. Of the 81 
clinical studies, 22 studies were pharmacokinetic studies. Of these 22 pharmacokinetic studies, only one 
reported an adverse event (back pain and headache). The 59 non-pharmacokinetic clinical studies 
included 2,000 participants. Of the 45 case reports, 40 case reports reported safety information for 55 
patients.  
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The number of publications and patients by disease category for the non-pharmacokinetic clinical studies 
and the case reports are summarized in Table 1 below.  As shown in the table below, the majority of 
patients were receiving treatment for conditions other than cystinuria.

Applicant’s Table: Number of Publications and Patients: Disease Categories Clinical Trials (Non- 
pharmacokinetic Studies) and Case Reports

Deaths: In the non-pharmacokinetic studies and case reports, three deaths were reported. Based on the 
provided narratives (see appendix), it is not obvious that tiopronin played a role in the deaths.  

Adverse events reported in non-PK clinical studies and case reports: An overview of adverse events 
reported in non-PK clinical studies and case reports is provided in the tables below. These tables show 
adverse events by preferred term reported in more than one clinical study by system organ class and 
adverse events from case reports by preferred term reported in more than 1 publication by system organ 
class.  Among the clinical studies, the most commonly reported adverse events included gastrointestinal 
disorders, renal disorders (proteinuria, nephrotic syndrome and glomerulonephritis membranous), and 
skin disorders such as rash. Renal and skin-related adverse events were also reported in case reports, in 
addition to cases of myasthenia gravis and polymyositis. As discussed below, the cases of myasthenia 
gravis and polymyositis were reported with use in patients who were being treated for diseases other than 
cystinuria.
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Applicant's Table: Adverse Events (Prefened Te1m ) Reported in More Than 1 Publication by System 
Organ Class: Clinical Trials System Organ 

S yst e m O r ga n C lass/Pre f e rred T e r m 

N u mber of P ubl ications W i th at L east One Adve rse Event 

B lood and Lymphatic System D isorders 

B lood D isor der 
Leukope n ia 

T h r ombocytopenia 

Ag ran u locytosis 
Gastro i n testinal D isorders 

Gastro intestinal D isorder 

Stomatit i s 
Nausea 
Vomiting 

D iarrhoea 

General D isorders a n d Admi n istration S i te Con d i t io n s 
Adverse event ( n o t specif ied) 

A s theni a 

D iscomfort 

Hepatobilia ry D isorders 

C h o lestasis 
Infect ions and Infestation s 

Sepsi s 

Investigations 
G lo mer u l a r F i lt ration R a te Decreased 

L aboratory Test Abnorma l 

Musculoskeletal a n d Connec t ive T issu e D isorders 

L u pus- like Syn d rome 

Myalg ia 
Nervous System D isorders 

Ageusia 

H eadacn e 
D izz iness 

Renal and U rinary Disorders 

P ro te inuria 
Nephro t ic Syndrome 
G lomerulo nephritis Membranous 

Skin a n d Subcutaneous T issue D isorders 
Rash 

P ru r itus 
P emph ig us 

Skin D isorder 

A lopecia 

Eczema 
Liche n P lan us 

Vascular D isorders 
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All Pub licatio n s 
( N = 8 1 ) 

n ( 0/o) 

31 (38.3) 

6 (7.4) 

3 (3 .7) 
3 (3 .7 ) 

3 (3 .7 ) 

2 (2 .5) 

1 1 (13.6) 
7 (8 .6) 

5 (6 .2) 
4 (4 .9) 

3 (3 .7) 

2 (2 .5) 

1 3(16.0) 
7 (8 .6) 

2 (2 .5) 

2 (2 . 5) 

5 (6 .2) 

3 (3 .7) 
4 (4 .9) 

2 (2 .5) 

5 (6 .2) 
2 (2 . 5 ) 

2 (2 .5) 

6 (7.4) 
2 (2 . 5) 

2 (2 .5) 

9(1 1. 1 ) 

5 (6 .2) 

4 (4 .l:l) 

3 (3.7 ) 
1 3 (1 6 .0) 

11 (1 3.6) 

6 (7 .4) 

2 (2 .5) 
15(1 8 .5) 

8 (9 .9) 

6 (7.4) 

4 (4 .9) 

4 (4 .9) 

2 (2 .5) 
2 (2 5) 
2 (2 .5) 
2 (2 .5) 
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Applicant’s Table: Adverse Events (Preferred Term) Reported in More Than 1 Publication by System 
Organ Class: Case Reports

Adverse events in case reports:  As previously noted, of the 45 case reports identified by the applicant, 40 
case reports reported safety information for 55 patients.  
 Cysteine disorders: There were 5 safety related case reports in patients with cysteine disorders. 

Hyperlipidemia was reported in 1 patient with cystinuria, and nephrotic syndrome was described in 3 
cases; all cases resolved upon withdrawal of tiopronin. The fourth report described 3 cases of 
proteinuria; in 1 of these, progressive glomerular lesions remained, even after withdrawal of 
tiopronin. 

 Other conditions:
o Collagen vascular disease: Of the 30 case reports in patients with collagen vascular disease, one 

described an adverse event, lichenoid eruptions, occurring during tiopronin treatment of a patient 
with a connective tissue disorder. The remaining 29 case reports described adverse events 
occurring in patients with rheumatoid arthritis. These reports included 6 cases of nephrotic 
syndrome (3 case reports, 4 cases in 1 report), 5 of myasthenia gravis, and 2 of anti-insulin 
antibodies. Other reported adverse events included 5 cases of polymyositis, 3 of pemphigus, 2 of 
yellow nail syndrome, 1 of lichenoid eruptions, 3 of interstitial lung disease, 1 of bronchiolitis, 1 
of mastitis, 1 of agranulocytosis, 1 of myelosuppression, and 1 of intrahepatic cholestasis.

o Hepatic disorders: There were 2 case reports in patients treated with tiopronin for hepatic 
disorders. In 2 studies, patients treated with tiopronin for liver disorders developed lichenoid 
eruption. The lesions disappeared after discontinuing the drug.

o Others: Two separate cases reported adverse event for tiopronin in patients diagnosed with 
bronchitis and myasthenia gravis. A patient with bronchitis developed a maculopapular facial rash 
and angioedema of the lips 8 hours after treatment. A patient with myasthenia gravis was thought 
to have kidney injury (proteinuria) following long-term treatment with tiopronin. 

Other safety information: The submission also includes:
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 a report of tiopronin use during pregnancy and a report on use to inhibit puerperal lactation.  For 
further discussion, see the DPMH review dated May 24, 2019.

 information from 3 articles on adverse events reported in patients treated with tiopronin and other 
patients treated with D-penicillamine (Barbey, et al. (2000); Akakura, et al. (1998), Daudon, et al. 
(2003)). The safety findings are pooled across medications; hence, the findings are difficult to 
interpret as relates to the risks of tiopronin. 

Summary of Published Literature in Pediatric Patients
The submission includes a summary of the published experience with tiopronin in pediatric patients with 
cystinuria and other conditions. The cited publications include small prospective and retrospective studies 
in pediatric patients, small prospective and retrospective studies that included both adult and pediatric 
patients and pediatric case reports. As discussed later in this review, dosing regimens varied greatly from 
one study/report to the next and some studies/reports do not contain this information. For an overview of 
the cited studies and case reports, see the Appendix.

Total number of patients treated with tiopronin, by age categorization
The applicant’s summary of the number of patients treated with tiopronin by various age categorizations 
is shown in the table below. The ability to provide more granular information on the number of patients 
treated by age is limited because some publications did not contain this level of detail and because the 
same patients are sometimes described in more than one publication. Of note, more than half of the 
pediatric patients received tiopronin for the treatment of conditions other than cystinuria.

Applicant’s Table: Number of Patients Treated with Tiopronin from Published Pediatric Clinical Studies 
and Case Reports

a.  A patient can be counted in more than 1 category.

Summary of data supporting efficacy for pediatric population
Prospective and retrospective clinical studies
The application includes information on pharmacodynamic/efficacy findings from seven clinical studies 
that focused on pediatric patients and 11 that included both adult and pediatric patients with cystinuria 
and cysteine calculi. See the table below for an overview of studies conducted in pediatric patients. As 
shown in the table, dosing regimens varied considerably across the studies and some studies did not 
contain information on the dosing regimens used in pediatric patients. Interpretation of these data is 
limited by the study design, small number of subjects studied and variable dosing regimens. The studies 
that included both adult and pediatric patients often lacked detailed information on the findings in the 
pediatric subset (or even the number of such patients included in the study). Overall, the cited published 
experience suggests that treatment with tiopronin reduces urinary excretion of cysteine across all 
pediatric age groups and may reduce and/or prevent stone formation. The available data suggest that 
doses less than 15 mg/kg/day may be inadequate in most patients and that doses of 20 mg/kg/day may be 
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needed to achieve efficacy. However, it is difficult to draw firm conclusions given the limitations of the 
available data.
 
Reviewer’s Summary of Pharmacodynamic and Efficacy Findings in Clinical Studies Conducted in 
Pediatric Patients 

Reference Number 
of patients 
(gender)

Age in 
years 
(mean or 
median)

Dose regimens 
(mg/kg/day)

PD/efficacy Authors’ conclusions and 
comments

Tekin, et 
al, 2001

18 (13 M, 
5 F)

1 - 16 
(6.5)

10-15 (in 3 
divided doses)

Urinary cystine 
excretion 
significantly 
decreased.

High recurrence rate and 
persistent cystinuria may 
indicate the dose is not 
adequate for prevention 
of cystine calculi.

Laurenti, et 
al, 1984

14 (6 M, 
8F)

N/A 50-60 then 30 
for prevention

Stone dissolved in 
8 of 10 patients, 
and stone 
recurrence in 2 of 
12 patients. 

Improvement in the 
prognosis of children 
suffering from this form 
of lithiasis.

Pavanello,e
t al., 1981

7 (5 M, 2 
F)

20 months 
to 11 
years

5-100 daily Number of calculi 
were reduced as
well as cystinuria 
level from 
pretreatment level. 
Residual stones 
disappeared in
subject 2, 4 months 
after operation. 

20 -50 mg/kg/day 
recommended.

Yuruk, et 
al., 2017

14 (8 M, 6 
F)

7 - 15 
(10.9)

20 (in 3 
divided dose)

Urinary cystine 
excretion 
significantly 
decreased.

Kim, et al, 
2017

6 (1 M, 5 
F)

0.7 - 2.7 2.6-10.5 daily Renal function 
improved but 
stones not 
prevented. 

Dose may not be 
adequate.

Araki, et al, 
1981

4 M 2, 7, 11, 
15

400-1600 
mg/day in 4 
divided doses

Stones dissolved, 
and new stones 
prevented.

Case Reports
Nine case reports on the use of tiopronin in pediatrics with cystinuria and cysteine calculi are cited in the 
submission. Dosing regimens varied across publications and some did not provide information on the 
dosing regimen. In general, the reports describe reductions in urinary cystine excretion and/or effects on 
stone burden. Data are summarized below. 
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Reviewer Summary of Case Reports in Pediatric Patients 
Reference Number of 

patients and 
gender  

Age 
in 
years 

Dosing Regimen PD/Efficacy Authors’ conclusions 
and comments

Nalcacioglu, 
et al., 2013

2 F 1, 2 Not provided No new stone 
formation after a year

Hayase, et 
al., 1980

1 M 3 Not provided Not provided

Rizzoni, et 
al., 1979

2 2, 6 50 mg/kg/day; 
reduced to 20 
mg/kg/day

Urinary cystine 
excretion reduced

Nephrotic syndrome 
developed at 50 
mg/kg/day

De Temple, 
et al., 1989

1 M, 1 F 5, 15 Not provided No new stone 
formation after 1.5 
years

Bianchi and 
Franceschini, 
1975

1 F 5 2000 mg/day for 
two months

Urinary cystine 
excretion brought into 
normal range, size of 
stone decreased

Carratu, et 
al., 1977

1 M 12 From 100 
reduced to 75 
mg/kg/day 
within 3 months

21 cystine calculi 
lodged in the renal 
parenchyma 
disappeared 
completely 8 months 
after the start of 
treatment with 
tiopronin on top of 
liquids, alkalinization 
(and anticonvulsive) 
treatment.

No AEs and all 
laboratory tests were 
within normal limits

Tizzani, et 
al., 1976

1 M 11 2000 mg/day Partial reduction in 
number and volume 
of calculi in 
pyelocalyceal
cavities

Berio, 1979 2 M siblings 5, 13 From 500 up to 
2000 mg/day

Gradual dissolving of 
the urinary calculi 
without any collateral
phenomena 

Barbero, et 
al., 1979

1 F 4 Not provided Unknown dose of 
tiopronin did not 
prevent the formation 
of cystine crystals

Summary of safety for pediatric population
Clinical studies in pediatric patients with cystinuria
One prospective clinical study and two retrospective clinical studies in pediatric patients with cystinuria 
provide information on safety. As shown in the table below, no adverse findings were reported in the 
prospective study. In the two retrospective studies, a transitory rash was reported in two patients and 
gastric intolerance in one, whose treatment was changed to D-penicillamine. Clinically evident nephrotic 
syndrome appeared in two patients after prolonged treatment with tiopronin at 85 and 100 mg/kg/day. 
The syndrome disappeared after tiopronin withdrawal and did not reappear after administering a lower 
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dose. One patient had a temporary impaired sense of taste and another had mild diarrhea on 40 mg/kg/day 
tiopronin which resolved after reducing the tiopronin dose intake. The authors concluded that tiopronin 
can cause nephrotic syndrome at a dose of more than 50 mg/kg/day. 

Reviewer Summary of Pediatric Studies Supporting Pediatric Safety
Reference Study Type Patients 

Age
Dose* Duration* AE findings

Tekin, et al., 
2001

Prospective 1-16 
years old

10-15 
mg/kg/day

3-35 
months

None reported.

Laurenti, et 
al, 1984

Retrospective NA 50-60 
mg/kg/day

3- 6 
months

transitory rash in two patients and 
gastric intolerance in one, whose 
treatment was changed to D-
penicillamine.

Pavanello, 
et al. 1981

Retrospective 20 months 
to 11 years 
old

5-100 
mg/kg/day

22-65 
months

Nephrotic syndrome (reversible) 
appeared in two patients with 
tiopronin at 85 and 100 mg/kg/day. 

*Dose and duration based on the table in the appendix 

Clinical studies including both pediatric and adult patients
Additional information on safety (beyond that provided by the study by Pak, et al, the study that 
supported initial approval of tiopronin) is provided by two prospective and five retrospective clinical 
studies in pediatric and adult patients. 

In a prospective study (Dello Strologo, et al., 2007) of 20 patients treated with tiopronin, 1 developed 
allergy to tiopronin and 1 had severe proteinuria (treatment was not specified), both adverse events 
occurring within the first 2 months after treatment. These 2 patients were excluded from all evaluations. 
Of the remaining 18 patients treated with tiopronin, 2 developed proteinuria (1 patient after 60 months 
after starting tiopronin) and treatment was switched to D-penicillamine in both patients.

In a second prospective study (Kinoshita, et al., 1972), three of thirteen patients developed side effects 
consisting of outbreak of hives and fever 7 to 10 days after the start of tiopronin administration in the 
short-term treatment group; all 3 patients recovered immediately after stopping tiopronin administration. 
In these 3 patients, restarting tiopronin administration at 10 mg/day and gradually increasing the dose 
allowed continued large-dose tiopronin treatment without rash or fever. During long-term 
administration, no abnormalities were reported in blood tests, liver function tests, serum iron testing, 
and serological testing except for a temporary drop in serum iron which returned to normal with 
continued tiopronin treatment.

The first of the five retrospective studies (Araki, et al., 1981) included a total of 21 patients who were 
treated with tiopronin. Of these, four were pediatric patients. No adverse events were reported in the four 
pediatric patients and no abnormalities were reported after birth in twin children of a woman who was 
treated with 0.8 g/day of tiopronin up to the third month of pregnancy. 

In the second study (Pierides and Deltas, 1997), safety data on 9 tiopronin-treated patients were obtained 
after an administration period of about 2 years (starting in May 1994). Three patients who had developed 
a rash on D-penicillamine also developed a rash with tiopronin, and treatment had to be stopped in two 
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patients; the report does not indicate whether the patients were adults or children. No patient developed 
proteinuria on tiopronin treatment.  

In the third study (Kallistratos, et al., 1983), three subjects who received tiopronin was generally well 
tolerated during the years of administration. Gastrointestinal complaints were reported and also a 
sulfurous smell of the urine and feces. Proteinuria was observed and disappeared when tiopronin was 
discontinued. The report does not indicate whether these findings were observed in children or adults, 
and does not indicate how many subjects had these findings either.

In a fourth study (Asanuma, et al., 1998), adverse events of rash and diarrhea were reported in 2 of 10 
patients treated with tiopronin and in 5 of 7 patients treated with D-penicillamine. Serious adverse 
events of edema and proteinuria (nephrotic syndrome) were reported in 1 patient treated with tiopronin, 
which improved rapidly. The adverse event was alleviated rapidly after following discontinuation of 
tiopronin. The report does not specify whether these findings were observed in children or adults.

In the fifth study (Bruno, et al., 1982), adverse events were reported in 8% of the 36 pediatric and adult 
patients treated with tiopronin, and in 22% of the 27 pediatric and adult patients treated with D-
penicillamine. Adverse events included allergic skin rashes, gastrointestinal disorders, joint pain, and 
proteinuria for both drugs. One woman in the tiopronin group developed nephrotic syndrome with 
selective proteinuria that subsided after drug discontinuation. Kidney biopsy showed glomerulopathy 
with minimal lesions. 

Reviewer comments: The main drug-related findings in these studies included rash, joint pain, 
proteinuria, nephrotic syndrome and sulphurous smell in the urine; however, for the most part, the 
publications do not indicate which events occurred in pediatric patients and at what doses.

Case reports in pediatric patients with cysteine disorders  
Safety findings reported in seven case reports in pediatric patients are discussed below. 
 Case 1: A 3-year-old was treated with tiopronin with dose increased gradually to 100 mg/kg daily. 

Nephrotic syndrome with normal glomerular filtration rate developed 2 months later. The nephrotic 
syndrome completely resolved within 20 days after withdrawal of the drug. The patient subsequently 
received 20 mg/kg tiopronin daily, high fluid intake and sodium bicarbonate to alkalize the urine. 
With this regimen, urinary cystine excretion was controlled at ~200 mg/day. Neither proteinuria nor 
recurrence of renal stones were observed over 34 months. 

 Case 2: A 6-year-old developed clinically evident nephrotic syndrome after 6 months of treatment. 
Withdrawal of the drug resulted in prompt regression of nephrotic syndrome. With the same adjusted 
treatment described in Case 1 (20 mg/kg tiopronin daily, high fluid intake and sodium bicarbonate to 
alkalize the urine), urinary cysteine excretion was controlled at ~150 mg/day. Neither proteinuria nor 
recurrence of renal stones were observed over 32 months.

 Case 3: At the age of 3 years, the boy was diagnosed with bilateral nephrolithiasis and underwent 
open surgery to remove the calculus in the right kidney. Analysis of the stone confirmed the cystine 
content, and the urine analysis showed pathologic excretion of cystine of ~300 μmol/mmol creatinine 
(normal, <20). At the age of 4 years, the boy was hospitalized and underwent combined 
extracorporeal shock wave lithotripsy and litholapaxy since calculi were detected in both kidneys. 
The treatment resulted in complete removal of all calculi from both kidneys. After the operation at 4 
years of age, in addition to standard alkali therapy, tiopronin administration was initiated at a dose of 
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10 mg/kg. The route and frequency of administration was not specified. Nine months after 
introduction of tiopronin, the boy developed generalized edema and oliguria. Urinalysis showed 
proteinuria (3+) and hematuria. Tiopronin was then withdrawn, and the boy was given only 
supportive treatment with a low salt diet and furosemide; alkali therapy with potassium citrate was 
continued. Within 10 days, urine was protein free and serum proteins were normalized. Laboratory 
results at follow up showed neither proteinuria nor hematuria. On follow up after 9 months of 
treatment with 10 mg/kg tiopronin and standard alkali treatment followed by supportive therapy only 
during remission of the nephrotic syndrome, and then continuation of only alkali therapy of 
unspecified duration, there was no evidence for new calculi.

 Case 4: The 12-year-old patient had right renal colic with hematuria detected after 2 months of 
tiopronin treatment. It is not clear if this was drug-related or related to the patient’s stone.

 Case 5: This 11- year-old patient was administered tiopronin at 100 mg/kg/day for <3 months, 
reduced to 75 mg/kg/day for a total duration of 8 months. No abnormal lab findings were detected.

 Case 6: No toxic or allergic adverse effects were observed in a 5-year-old patient receiving tiopronin 
(500 to 1,000 mg/day up to 2,000 mg/day). The dosage of tiopronin was reduced in proportion to the 
urinary cystine. After 7 months’ treatment, cystine was no longer detectable in the urine.

 Case 7: This patient is the elder brother of Case 6. No adverse events were observed for this 13-year-
old patient receiving a similar dose of tiopronin (the length of time of tiopronin treatment was not 
reported).

Other diseases in pediatric populations  
The submission includes a summary of 2 clinical studies and 2 case reports on the use of tiopronin in 
other diseases in pediatric patients. The authors state that there were no unwanted side-effects observed 
in any of the very young patients investigated (Spacagna, 1978; Precchia, et al., 1977). In these studies, 
tiopronin doses of 100-1000 mg/day were administered for up to 3 months. 

Reviewer comments: Major safety findings in pediatric populations treated with tiopronin include skin 
related findings such as rash, GI adverse events such as diarrhea, and renal complications (proteinuria 
and nephrotic syndrome). The latter event appears to be dose-dependent and reversible upon drug 
discontinuation. The safety information in pediatric patients is limited but appears to support a dose of 
20 mg/kg/day. 
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Summary of Post-marketing safety information for tiopronin via pharmacovigilance 
The submission includes a discussion of the of post-marketing reporting of adverse drug experiences 
under NDA 019569 for Thiola (tiopronin) 100 mg IR tablets (see appendix). These data are difficult to 
interpret in isolation (i.e., absent a denominator, information about the specific cases). Nineteen deaths 
were identified in the pharmacovigilance activities. Review of the provided information (see appendix) 
did not raise any new safety concerns.
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Appendix

Brief narratives of patient deaths from reported in published literature and post-marketing 
pharmacovigilance
 Literature review: Three deaths were reported in the literature: Two of these patients had 
rheumatoid arthritis and died of myocardial infarctions. The patients were in their late 60’s and had 
received 1 to 1.5 g/day of tiopronin for 4 and 15 months (Ehrhart, et al., 1991). The third patient, whose 
age and diagnosis were not reported, died of sepsis and disseminated intravascular coagulation 5 months 
after hospital admission. The dose of tiopronin and the length of exposure were not reported for this 
patient, but the patient had developed acute intrahepatic cholestasis (Watanabe, et al., 2007).
 Pharmacovigilance: Nineteen deaths were identified in the pharmacovigilance activities. Of these, 18 
patients had cystinuria or cystine lithiasis. The age of the patients ranged from 20 to 93 years.  Of the 
deaths reported in women (n=9), the cause of death was known in 4 cases (renal failure, hyperkalemia, 
cardiac block, and congestive heart failure with respiratory depression, 1 case each, respectively). The 
cause of death was unknown in 5 cases. Of the deaths in men (n=10), the cause of death was known in 3 
cases (heart attack (2) and congestive heart failure with kidney failure (1)). In a fourth case, lung cancer 
was reported as “other medical condition”’ and the death was reported as not attributable to the use of 
tiopronin. In a fifth case, the death was reported by the wife not to be due to kidney disease. For the 
remaining 5 men, the cause of death was unknown/not provided.

Applicant’s Table of Adverse Events Reported for Thiola Pharmacovigilance by System Organ Class and 
Preferred Term Under NDA 019569
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Applicant’s Table of Adverse Events Reported for Thiola Pharmacovigilance by System Organ Class and 
Preferred Term That Are Not Included in the Approved Thiola PI
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Applicant Table: Number of Patients Treated with Tiopronin from Published Pediatric Clinical Studies 
and Case Reports: Age Categorization, Source, and Dose Regimen
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Reference ID: 4449637

Tiopronin Treatment Number of 
Age Category at Treatment Source Dose/Frequency/Duration Treated Patients 

Gargani , et al., 1980 400 mg/day/20 days (IM) and 25 
(Note: Other disease) NNDay/20 days (lnh) 

(n = 9); 
200 mg day/14 days(IV with 
antibiotic) and 
NNDay/14 days (lnh) 
(n = 16) 

Araki, et al. , 1981 0.1 g/day/19 months (n = 1 ); 4 
0.5 g reduced to 0.4 g/day/ 
19 months (n = 1 ); 1.6 g/day/ 
63 months (n = 1 ); 1.6 g/ 
day/41 months (n = 1) 

Delio Strologo, et al., 2007 NNNNNA (follow up 11c 
12-86 months) 

Pediatrics Oner, et al., 1997 NNNNNA 2 
(All Ages) 

Tekin, et al. , 2001 10-15 mg/kg/day/median 18 
15 (3-35) months 

Daudon, etal., 2003 Tiopronin/ 15d 
Median 1 ,000 mg 
(500-1500)/day/NA 

Delio Strologo, et al., 2007 NNNNNA (follow up 11c 
12-86 months) 

Kim, et al., 2017 2.6-10.5 mg/kg/day/ 7 
3.8-13.8 years 

Precchia, et al., 1977 -300-1,000 mg/day/ 50 
(Note: Other disease) 3 months 

Laurenti, et al. , 1984 50-60 mg/kg/day/ 149 

3-6 months (calculolytic 
therapy); 
30 mg/kg/day/NA 
(Preventative therapy) 

Asanuma, et al. , 1998 25-3600 mg/day/NA (follow 10t 
up 3 months-16 years) 

Araki, et al. , 1981 0.1 g/day/19 months (n = 1 ); 4 
0.5 g reduced to 0.4 g/day/ 
19 months (n = 1 ); 1.6 g/day/ 
63 months (n = 1 ); 1.6 g/ 
day/41 months (n = 1) 

Pediatrics and Adults Delio Strologo, et al., 2007 24.65 (13.8-51) mg/kg/day/ 18c 
median 36 (12-86) months 

Pak, et al., 1986 100-2,000 mg/day/ 66 
4-36 months 

Chow and Streem, 1996 800-1,200 mg/day/ 14d 
7-141 months 

Pierides and Deltas, 1997 NNNNNA (follow up 9Q 
-12 years) 

Onal, et al., 2013 10 mg/kg/NN95 (6-136) 35 
months 

Kall istratos, et al. , 1983 300 mg (initial dose), 3h 
1,200 mg (maximal dose), or 
NA (maintenance 
dose )/day/NA 
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IM = Intramuscular; Inh = Inhalation.
a.  One patient or none aged from 1 month to 2 years was treated with tiopronin; it is unknown whether this patient received D-penicillamine 

instead of tiopronin.
b. Tiopronin was used for bladder irrigation.
c. It is unknown whether 1 or 2 of the patients received D-penicillamine instead of tiopronin.
d. Patient number for tiopronin or D-penicillamine treatments.
e. The patients were children, but the age was not specified. One patient had gastric intolerance to tiopronin and treatment was changed to D-

penicillamine.
f. Pediatrics, age not specified.
g. No information on age was provided; it was assumed that the tiopronin treated patients were a mixed population.
h. Total of 210 patients included 3 Thiola-treated males with cystinuria and urolithiasis of unknown age (1 known adult; 2 in which pediatric 

or adult status cannot be determined) and urine-tested untreated patients with and without cystinuria.
i. Four pediatric patients included.
j. Four of the 21 adult patients received tiopronin for a brief period of time; for 2 of them treatment was stopped due to rash and for the third 

case, per patient request (wish to become pregnant). The fourth patient had low cystine urine excretion (<200 mg/day) and tiopronin was 
not further administered.
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