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THIOLA® (tiopronin) 

Effects on Cystine (Kidney) Stones in Patients With 

Cystinuria 

Summary____________________________________ 
Prescribing Information 

• THIOLA (tiopronin) immediate-release tablets are a reducing and cystine-binding thiol drug1  

• The goal of therapy is to reduce urinary cystine concentration below its solubility limit. 

Tiopronin is an active reducing agent which undergoes thiol-disulfide exchange with cystine 

to form a mixed disulfide of tiopronin-cysteine. From this reaction, a water-soluble mixed 

disulfide is formed and the amount of sparingly soluble cystine is reduced1 

• In an uncontrolled study of 66 patients with cystinuria age 9 to 68 years, adverse events 

(AE) with an occurrence rate ≥5% included anemia, nausea, proteinuria, and rash1 

Background 
 
 

• Cystinuria is a genetic disorder that results in the formation of kidney stones and affects ~1 

in 7000 to ~1 in 10,000 people in the United States2 
 

• The American Urological Association (AUA) has established evidence-based guidelines for 

the diagnosis, prevention, and follow-up of adults with kidney stones, based on systematic 

review of published studies3 
 

• A pivotal multicentric study evaluated long-term treatment with tiopronin (mean±SD dose 

of 1193±450 mg/day) in 66 patients with cystinuria with ongoing alkali therapy and dietary 

and maintained fluid regimens4  

• The safety and efficacy of tiopronin were also evaluated in several open-label studies in 

patients with cystinuria5-13   

Study Data 

• In a pivotal trial, tiopronin appeared to be effective with a tolerable safety profile4: 

o New stone formation rate was significantly decreased during treatment with tiopronin 

for patients with or without prior d-penicillamine therapy 

o In treatment-naïve patients (n=14) who received tiopronin for 4 months to 4 years 

(mean, 1.59 years), 71.4% of patients achieved remission and reduced stone 

formation was achieved in 94.1% of patients 

o Tiopronin was equally as effective as d-penicillamine in reducing cystine excretion. 

During long term treatment with tiopronin (at 1000 mg/day), urinary cystine was 

maintained at 350 to 560 mg/day and urinary saturation of cystine was kept 

undersaturated 
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o Among 49 patients with prior d-penicillamine therapy, 41 reported AEs with d-

penicillamine and 37 reported AEs with tiopronin. Among the 17 patients without 

prior d-penicillamine therapy, 11 reported AEs with tiopronin 

• In open-label studies, effects of tiopronin on stone remission and reduction in stone 

formation in patients with cystinuria were consistent with results from the pivotal study5-13   

 

Prescribing Information_________________________ 
• THIOLA (tiopronin) immediate-release tablets are a reducing and cystine-binding thiol drug 

for oral use. THIOLA is indicated, in combination with high fluid intake, alkali, and diet 

modification, for the prevention of cystine stone formation in adults and pediatric patients 

20 kg and greater with severe homozygous cystinuria, who are not responsive to these 

measures alone1  

• The goal of therapy is to reduce urinary cystine concentration below its solubility limit. 

Tiopronin is an active reducing agent which undergoes thiol-disulfide exchange with cystine 

to form a mixed disulfide of tiopronin-cysteine. From this reaction, a water-soluble mixed 

disulfide is formed and the amount of sparingly soluble cystine is reduced1 

• AEs occurring at an incidence of ≥5% in an uncontrolled trial in 66 patients with cystinuria 

age 9 to 68 years are shown in Table 1. Patients in group 1 had previously been treated 

with d-penicillamine; those in group 2 had not. Of those patients who had stopped taking d-

penicillamine due to toxicity (34 out of 49 patients in group 1), 22 were able to continue 

treatment with THIOLA. In those without prior history of d-penicillamine treatment, 6% 

developed reactions of sufficient severity to require THIOLA withdrawal1 
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Table 1. Adverse Reactions Occurring in One or More Patients  

 

• AEs have also been reported during post-approval use of THIOLA (Table 2). Because post-

approval reactions are reported voluntarily from a population of uncertain size, it is not 

always possible to reliably estimate their frequency or establish a causal relationship to 

THIOLA exposure1 
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Table 2. Adverse Reactions Reported for THIOLA Pharmacovigilance by System Organ 

Class and Preferred Term 

 

• Monitoring of patients taking THIOLA includes1:  

o Measurement of urinary cystine 1 month after starting THIOLA and every 3 months 

after. THIOLA dosage should be adjusted to maintain urinary cystine concentration 

<250 mg/L 

o Assessment for proteinuria before treatment and every 3 to 6 months during 

treatment 

o Discontinuation of THIOLA in patients who develop proteinuria and monitoring of 

urinary protein and urinary function. After resolution of proteinuria, restarting 

THIOLA at a lower dose can be considered 

 

Background__________________________________ 
Cystinuria Disease State 
 

Cystinuria is a genetic metabolic disorder that disrupts transport of dibasic amino acids in the 

proximal tubules of the kidney.2,14 Cystinuria is characterized by excessive urine levels of cystine, 

arginine, lysine, and ornithine. Concentrations of cystine in excess of 250 mg/L in the urine can 

lead to formation of crystals and calculi (stones) in the kidney, bladder, and ureters. Due to the low 

solubility of cystine in urine, patients may develop hundreds of stones per year; severe cases bring 

about an increased risk of developing hypertension, chronic kidney disease, and end-stage kidney 

disease.2,14 Cystinuria occurs in both adults and children and affects males and females in equal 

numbers. Symptoms typically begin between ages 10 and 30 years, with mean age of first 

presentation of 12 to 13 years.2,14 

The primary objective of treatment for cystinuria is the reduction of urinary cystine. A multifaceted 

approach to treatment may decrease urinary cystine and prevent cystine stone formation.2  

This includes daily consumption of large amounts of fluid to increase urine volume and decrease 

cystine levels, alkalization of urine with potassium citrate and acetazolamide to increase dissolution 
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of cystine, and further alkalization by modifications in dietary salt and animal protein intake.2  

Specifically, it is recommended that patients3:  

• maintain a daily fluid intake of 4 L in order to dilute urinary cystine and achieve a targeted 

minimum urine output of 2.5 L/day 

• maintain a urine pH level of 7.0 by taking potassium alkali 

• maintain a diet low in animal protein and restrict sodium intake to ≤2300 mg/day 

 

Treatment Guidelines 
 

In 2014, the AUA published guidelines for the medical management of kidney stones. The objective 

was to provide a clinical framework for the diagnosis, prevention, and follow-up of adults with 

kidney stones based on published studies meeting prespecified qualifications. Development of 

guidelines was largely based on a systematic review conducted by the Agency for Healthcare 

Research and Quality on recurrent nephrolithiasis in adults. These data were supplemented with 

additional searches of PubMed and EMBASE for relevant studies (January 2007 to November 2012) 

and further systematic review. A total of 46 studies were identified and utilized to develop 

evidence-based guidelines.3  
 

Publications identified within the search period were systematically reviewed within an extensive 

peer review process composed of 40 reviewers of various backgrounds. Comments from peer 

reviewers were discussed and reviewed by the AUA panel and ultimately revised as needed. The 

AUA nomenclature system links each statement type to strength of the evidence and the panel’s 

judgment of the balance between benefits and risks/burdens. In areas lacking sufficient evidence, 

additional statements were noted as Clinical Principles and Expert Opinions.3  

 

Study Data__________________________________ 
 

Treatment Guidelines 
 

The AUA developed 27 guideline statements informing clinicians on the use of a screening 

evaluation for first-time and recurrent kidney stone formers, appropriate use of a metabolic 

evaluation in recurrent stone formers and high-risk first-time formers, and follow-up of medication 

and/or dietary therapies in select patients.3 
 

Recommended treatment guidelines include both dietary and pharmacologic therapies: 
 

• Clinicians should counsel patients with cystine stones to limit sodium and protein intake 

(Expert Opinion)3  

o Dietary therapy should be offered in combination with pharmacological treatment  

o Cystine concentration is greatly involved in stone formation; therefore, high fluid 

intake is an important therapy 

o ≥4 liters/day is often required to meet a target urinary cystine concentration <250 

mg/L 

o Sodium restriction aids in reducing cystine excretion; target goal is ≤100 mEq (2300 

mg) per day 

o Limiting animal protein is recommended, as it can increase cystine substrate load 
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• Clinicians should offer cystine-binding thiol drugs, such as alpha-mercaptopropionylglycine 

(tiopronin), to patients with cystine stones who are unresponsive to dietary modifications 

and urinary alkalization, or have large recurrent stone burdens (Expert Opinion)3  

o First-line therapy includes increased fluid intake, restriction of sodium and protein 

intake, and urinary alkalization 

o Cystine-binding thiol drugs should be added when dietary therapy is insufficient 

o Tiopronin is potentially more effective and associated with fewer adverse events than 

d-penicillamine 
 

• Clinicians should obtain periodic blood testing to assess for adverse effects in patients on 

pharmacological therapy (Standard; Evidence Strength: Grade: A)3  

o Blood testing can detect some adverse events associated with medications 

prescribed for stone prevention 

o Tiopronin may cause an increase in liver enzymes and induce anemia and other 

hematologic abnormalities 
 

AUA guidelines noted that tiopronin may cause elevations in liver enzymes and induce anemia and 

other hematologic abnormalities, and recommended that clinicians obtain periodic blood tests to 

assess for adverse reactions.3  

 

Pivotal Study 

A multicenter study was conducted to determine the safety and efficacy of long-term treatment 

with tiopronin in 66 patients (ages 9 to 68 years; mean±SD, 32.0±13.3 years) with cystine 

nephrolithiasis. Cystine nephrolithiasis was documented by the presence of cystine on stone 

analysis and cystine excretion >400 mg/day. Prior to receiving treatment with tiopronin, patients 

were required to have had ≥1 stone episodes (spontaneous passage, surgical removal, or 

appearance on abdominal X-ray) during the previous 2 years. Patients did not have severe renal 

failure (endogenous creatinine clearance <25 mL/minute), congenital abnormalities of the urinary 

tract, or persistent urinary tract infection with urea-splitting organisms.4 

Participants were enrolled in one of two groups: patients who had taken d-penicillamine prior to 

tiopronin (Group 1; n=49) and patients who did not have prior d-penicillamine therapy (Group 2; 

n=17). The primary objective of the study was to determine the safety and efficacy of tiopronin in 

patients with known toxicity to d-penicillamine. A secondary objective was to determine if the 

biochemical responses to treatment with tiopronin were similar to those of d-penicillamine.4 

Tiopronin was initiated at a dose of 100 to 2000 mg/day (mean±SD, 1193±450 mg/day) while 

ongoing alkali therapy and dietary and fluid regimens were maintained. Patients were instructed to 

take tiopronin in 3 to 4 divided doses ≥1 hour before or 2 hours after meals. Prior to taking 

tiopronin, patients in Group 1 received d-penicillamine at a mean±SD dose of 1125±640 mg/day 

for a mean±SD of 2.81±3.94 years and stopped d-penicillamine at least 1 month prior to starting 

tiopronin.4 

Effect on Stone Formation 

A total of 57 patients (Group 1, n=43; Group 2, n=14) received tiopronin for ≥4 months (6 

patients in Group 1 and 3 patients in Group 2 did not because of AEs or recent entry). In Group 1, 

43 patients received tiopronin for 4 months to 3.7 years (mean, 1.81 years). More than 2 years 

prior to treatment with tiopronin, 17 patients had taken d-penicillamine, while 26 patients had 
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received d-penicillamine for ≥6 months (mean, 1.55 years). In these 26 patients, new stone 

formation rate was 9.1±22.0 stones per patient-year while on d-penicillamine, with only 1 (3.8%) 

patient achieving remission. Pre-existing stones were present in 60.4% of patients when treatment 

with tiopronin was initiated. The new stone formation rate was 5.8±16.8 stones per patient-year 

during treatment with tiopronin (P<0.001 by Chi-square test), 61.5% of patients achieved 

remission, and 73.1% had reduced stone formation. In Group 2, 14 patients received tiopronin for 

4 months to 4 years (mean, 1.59 years). Pre-existing stones were present in 71.4% of patients 

when treatment with tiopronin was initiated. Stone formation data before and during treatment 

with tiopronin in Groups 1 and 2 are summarized in Table 3.4 

Table 3. Stone Formation Before and During Treatment With THIOLA 

 
*P<0.001 by Chi-square test. 
Adapted from Pak et al. J Urol. 1986;136(5):1003-1008. 
 

Effect on Urinary Cystine 

The mean urinary cystine concentration was 778±290 mg/day at baseline. During treatment with 

tiopronin, the mean urinary cystine concentration decreased significantly (range, 353-553 mg/per 

day for Months 4-36; P<0.05).4  

Safety 

Among the 49 patients in Group 1 who had taken both drugs, 41 reported AEs with d-penicillamine 

and 37 with tiopronin. The most common AEs in Group 1 are listed in Table 4. Among the 41 

patients who reported AEs with d-penicillamine, 32 also experienced AEs with tiopronin. Among the 

34 patients who discontinued d-penicillamine due to AEs, 22 were able to continue treatment with 

tiopronin.4   
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Table 4. Adverse Reactions in Group 1 

 

*Significant difference (P<0.05) by Chi-square test. 
Adapted from Pak et al. J Urol. 1986;136(5):1003-1008.  

Among the 17 patients in Group 2 without prior d-penicillamine therapy, 11 reported AEs with 

tiopronin. The AEs in Group 2 are listed in Table 5. One patient discontinued tiopronin due to 

proteinuria.4 

Table 5. Adverse Reactions to THIOLA in Group 2 

 

Adapted from Pak et al. J Urol. 1986;136(5):1003-1008. 
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Open-Label Studies 
The safety and efficacy of tiopronin in reducing urinary cystine and kidney stone formation were 

also evaluated in several open-label studies in patients with cystinuria.5-13 

In open-label studies, effects of tiopronin on stone remission and reduction in stone formation in 

patients with cystinuria were consistent with results from the pivotal study.5-13 In one study, 13 of 

31 patients experienced no new stone formation; at final dose of tiopronin 19 patients showed no 

stone activity.5 Across additional studies, some patients showed no recurrent stone formation, 

complete or partial stone dissolution, and reduced urinary cystine levels.7-13 Tiopronin appeared to 

be tolerable across dosages, with an acceptable safety profile.5,7-12 
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