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and data from 13 patients ages 2 to 6 years old who received P rocysbi treatment in a single-arm 
extension study, this reviewer concludes that these data provide sufficient evidence that Procysbi 
treatment using the recommended dosing can maintain WBC cystine levels within the 
therapeutic target range in patients ≥2 years old. In addition, the clinical trial data demonstrate 
the feasibility of administerin g the approved P rocysbi dosage form to patients of this age group. 
Therefore, this reviewer considers the risk-benefit assessment of P rocysbi favorable for the 
proposed patient population. 

1.3 Re comme ndatio ns for Postmarke t Risk Evaluation and M itigation Strate gie s 

A Risk Evaluation and Mitigation Strategies (REMS) program is not recommended. 

1.4 Re comme ndatio ns for Pos tmarke t Re quire me nts and Commit me nts 

There are no recommended clinical postmarketing requirements or commitments. 

2 Introductio n and Re gulatory Background 

Cystinosis is a rare, autosomal recessive disorder (estimated incidence of 1 in 100,000 to 
200,000 live births), characterized by lysosomal accumulation of cystine caused by defective 
transport of cystine out of lysosomes.[1] This metabolic defect is caused by mutations in CTNS 
gene, which encodes the lysosomal membrane transport protein (cystinosin) responsible for the 
carrier-mediated efflux of the disulfide amino acid, cystine.[2] In normal tissues, lysosomal 
cystine, which is formed as a bi-product of protein hydrolysis, is transported to the cytoplasm 
and rapidly reduced to cysteine.  In cystinosis, stored cystine is poorly soluble and crystallizes 
within the lysosomes of many cell types, leading to tissue and organ damage.[3] 

The nephropathic form of cystinosis is a multisystem disease and accounts for approximately 
95% of cystinosis cases. Although kidney dysfunction is the predominant feature of nephropathic 
cystinosis, cystine crystals can be found on pathologic analysis of most tissues of cystinosis 
patients, includin g the conjunctivae, corneas, liver, spleen, lymph nodes, kidneys, thyroid, 
intestines, rectal mucosa, muscle, brain, macrophages, and bone marrow.[4] In fibroblasts and 
lymphocytes isolated from patients with cystinosis, lysosomal cystine concentration may reach 
levels 100-fold higher as those of normal individua ls. However, both clinical and in vitro studies 
have failed to demonstrate an association between lysosomal cystine levels and disease severity, 
particularly in the kidney.[5] Cytotoxic mechanisms, resembling mitochondria l cytopathies, have 
also been implicated in the pathogenesis of cystinosis-related renal tubulopathy.  These include 
abnormal cellular energy metabolism, oxidative stress, altered autophagy, and increased 
apoptosis.[6-8] 

The early manifestations of nephropathic cystinosis are exclusively due to renal Fanconi 
syndrome, a generalized renal proximal tubular dysfunction, characterized by impaired 
reabsorption of water, electrolytes, bicarbonate, glucose, phosphate, carnitine, amino acids, and 
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tubular proteins. P olyuria is a hallmark finding of cystinosis, whereby patients have obligate 
losses of large volumes of dilute urine, commonly misdiagnosed as nephrogenic diabetes 
insipidus.[5]  Other early symptoms, also due to inappropriate renal losses of fluids and 
electrolytes, include vomiting, feeding difficulties , growth failure, and rickets.[9] Patients may 
also present with life-threatening complications of Fanconi syndrome, such as hypocalcemic 
seizures and tetany, hypokalemia-induced cardiac dysfunction, hypovolemic shock, or profound 
hypochloremic metabolic acidosis.[5,10] Definitive diagnosis of cystinosis can be made by 
measurement of intracellular cystine content, using a laboratory assay of elevated white blood 
cell cystine concentration (normal <0.2 nmol half-cystine/mg protein vs. levels >2 nmol half­
cystine/mg protein in patients with nephropathic cystinosis). [9,11] A diagnosis can also be 
confirmed by demonstration of corneal cystine crystals by slit lamp exam or genetic analysis of 
the CTNS gene. [12] 

In most patients with cystinosis, renal tubular damage is present at the time of diagnosis and is 
largely irreversible.[some Gahl, 13]  Although patients’ glomerular filtration rate is generally 
well-preserved early in the disease course, glomerular function gradually deteriorates, typically 
progressing to end stage renal disease by early in the second decade of life (mean age 9.6 
years).[14] Beginning in the latter half of the first decade of life, involvement of other organ 
systems may become apparent. The most common non-renal manifestations are summarized in 
Table 1.  P atients with cystinosis also commonly have impaired sweat production with 
susceptibilit y to heat intolerance, as well as reduced saliva and tear production. The 
pathophysiolog y of these abnormal secretory processes is unclear and glands appear 
morphologically normal.[15]  Other less common disease manifestations include liver disease, 
which may present as hepatosplenomegaly with or without portal hypertension and/or 
hypersplenism; bone marrow dysfunction; and destructive bone lesions mimickin g osteoblastic 
metastases, caused by abnormal endochondral ossification.[16-19] 
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Markello et al., which estimate that each month of cysteamine treatment prior to 3 years of age 
translates into 14 months of preserved renal function.[24] Furthermore, progression to end stage 
renal disease following early initiation of therapy can often be attributed to suboptimal dosing 
and/or poor treatment compliance.[21] 

Cysteamine treatment has also positively impacted non-renal complicatio ns of cystinosis.  Well-
treated patients experience improved growth, and implementation of life-long therapy with 
cysteamine has decreased the rate of other complications , including swallowing dysfunction, 
myopathy, encephalopathy, pancreatic insufficiency, and, to a lesser extent, pulmonary 
dysfunction and hypothyroidis m.[20,26-29] Consequently, cysteamine treatment is 
recommended even in patients who have undergone renal transplantation.[12] 

Unfortunately, cysteamine treatment does not ameliorate all complications of cystinosis. 
Notably, the incidence of primary hypogonadism in male patients and infertility due to 
azoospermia remain unchanged despite adequate treatment.[30] Furthermore, because systemic 
administration of cysteamine does not prevent corneal crystallizatio n, patients also require 
treatment with topical cysteamine eye drops.[31] 

Treatment noncompliance with cysteamine is common and represents a significant obstacle to 
patient management.  P atients cite its foul odor and taste, gastrointestinal side effects (e.g., 
nausea, vomiting , abdominal pain), and production of unpleasant breath and body odors as major 
reasons for discontinuin g treatment.[3, 32] Since even brief interruptions in therapy can result in 
tissue damage due to rapid reaccumulation of intracellular cystine and irreversible tissue damage 
[33], poor tolerabilit y and patient compliance with cysteamine treatment often interferes with 
optimal cystinosis management.[33,34] 

2.1 Product Informat io n 

Procysbi (cysteamine bitartrate) is an oral, delayed-release cystine-depleting agent, approved by 
the FDA in 2013 for the management of nephropathic cystinosis in adults and children ages 6 
years and older. P rocysbi was approved under the 505(b)(2) regulatory pathway, which relied on 
proprietary safety and efficacy data of the listed drug, Cystagon (NDA 020392), an immediate-
release formulation of cysteamine bitartrate approved by the FDA in 1994. In this sNDA, the 
Applicant proposes to broaden the P rocysbi treatment indication to include children 2 to 6 years 
of age. 

P rocysbi is a capsule containing enteric-coated, microspheronized  beads of cysteamine 
bitartrate encapsulated blue hard gelatin capsules.  For patients unable to swallow capsules, the 

(b) (4)

capsule contents may be sprinkled onto/into one of the specified foods or liquids (see Table 14, 
Section 5.3). The daily dose of P rocysbi is administered in 2 divided doses per day given 12 
hours apart. 

All cysteamine salts and formulations should be started at a low dose (1/6 to 1/4 of the goal 
maintenance dose) in order decrease the incidence of treatment-limit ing adverse reactions and 
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Protocol Violations and De viations 

As of the July 10, 2013 data cut-off date, 537 protocol deviations were reported for RP 103-04.  

All but one of the 60 patients had at least 1 protocol deviation (range 0-29), and 23 patients had ≥
	
10 protocol deviations.
 

Twenty-three (4.3%) of the protocol deviations were categorized as “major” protocol deviations
 
and are listed in Table 3 by type of protocol deviation. These were reported from 7 of the 10
 
study sites and occurred in 16 (26.7%) patients—9 patients with 1 major deviation and 7 patients
 
with 2 major deviations. Three major deviations were related to study participation eligibility 

criteria—two were violations of exclusion criteria (Subject 05004 had a screening hemoglobin 

<10 g/dL and Subject 05005 had an ALT level > 2 times the upper limit of normal within 6 

months of screening), both of which received written exceptions from the Applicant, and the
 
third was a violation of Study Stopping criteria (Subject 07003 with a serious adverse event of
 
gastroenteritis), which was also approved by the Applicant.
 

Table 3: Major Protocol De viations for all Enrolle d Patie nts (N=23) 

Type of major de viation* Major de viations 
(n) 

Patie nts 
(n) 

Violation of eligibility c riteria 2 2 
Inc orrec t informed c onsent procedure 1 1 
Patient medic ation non-c omplianc e 3 2 
Patient proc edure non-complianc e 2 1 
Patient er ror in s tudy drug dosing or 
administration 3 2 

Proc ysbi unavailable- Cystagon s ubstituted† 5 3 
Non-adherenc e to advers e event reporting 
requirements by Investigator 2 2 

Non-adherenc e to study s topping c riteria by 
inves tigator 1 1 

Study proc edure not performed 1 1 
Proc edure outside protocol w indow 3 3 

(Source: Reviewer’s table adapted and summarized from Table 6 entitled “Major Protocol Deviations ( Safety
Population)”, Interim Clinical Study Report pages 61-63 , Module 5.3.5.2) 
* For the 23 major protocol deviations, th e A pplicant pro vided a “d eviation d escrip tio n” an d the “deviation 
catego ry” assigned by In vestig ators. In th is table, d ev iations were grouped by the “type of major deviation”, a 
des ignation assig ned b y t his rev iewer b ecau se “deviatio n category” assig nmen ts were in co nsis tent. Th ese categories 
were creat ed b ased on th e d eviation descriptio ns pro vided because this rev iewer co nsidered th e A p plicant’s
deviation categories too broad to be informative. 
† For 7 patients, Pro cysbi treatmen t was interrup ted at leas t on ce fo r re-s upply is sues leading to s tudy drug 
unavailability (total 10 interruptions). During these periods, p atients were treated wit h Cys tago n. Five of the 10
treatmen t in terruptio ns (fo r 3 of 7 affected p atients) were considered “majo r” p ro tocol d ev iatio ns. 

537 reported protocol deviations, this reviewer considers 280 (52%) to be “clinically important”, 
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meaning that these deviations needed to be considered when interpreting relevant clinical trial 
data.  The evaluation of Supplement 10 was not substantially affected by these protocol 
deviations because efficacy assessments relied primarily on an objective PD marker which is not 
significantly affected by the timing of assessments (see Figure 34 in the Appendix, Section 
9.4.2).  However, the interpretabilit y of plasma cysteamine levels and efforts to assess the impact 
of altering P rocysbi administration procedures were limited by these protocol 
deviations/violat ions and were taken into consideration during labeling discussions. (Table 4) 

Table 4: Protocol De viations Conside red Clinically Me aningful by Re viewe r (N=280) 

Type of Protocol De viation† De viations 
(n) 

Patie nts 
(n) 

Medic ation non-c omplianc e 
(i.e., reported mis s ed study drug doses ) 32* 11 

Inc orrec t dosage adminis tered 59* 16 
Inc orrec t number of caps ules returned at visit­

(suspec ted missed doses/dosing errors) 19 4 

Inc orrec t adminis tration procedures 68* 27 

PK/PD ass ess ments ** ≥ 10 minutes outs ide s pecif ied time 
point (i.e. , 30 minutes post-dos e) 53 29 

Mis s ing rec ords (inc omplete/mis s ing journals) 25 14 
PK/PD as s es s ment not perf or med 6 5 
Proc ysbi unavailable- Cystagon s ubstituted 10 7 
Non-adher enc e to s tudy s topping c riteria by inves tigator 1 1 

Alc ohol and/or illic it drug us e (prohibited per protoc ol) 5 1 
Investigator presc ribed Procysbi dos e higher than ins truc ted 
by protoc ol 2 2 

( Source: Reviewer’s table adapted and summarized from Table 6 entitled “Major Protocol Devi at ion s ( Safet y 
Population)”, Interim Clinical Study Report pages 61-63, Module 5.3.5.2)
† Th e “Ty p e o f Pro to co l Dev iation” categories in th is table were created an d assig ned b y this Rev iewer, b ased o n the
protocol deviation descriptions provided by the A pplicant . 
* Multiple mis s ed doses/incorrect doses/incorrectly administered doses may be reported in a s ingle protocol 
deviation 
* * 593 PK/ PD as s essments were p erformed d u rin g Pro cysbi treatmen t. Protocol deviations were reported for 85 
(14.3%) PK/PD as s essments due to s ample collection outside protocol window (i.e., not collected 30 minutes post­
dos e) 

Subject 09003 had 5 protocol deviations for alcohol and/or illicit drug, which were prohibited for 
study participation.  Although these repeated episodes of protocol non-adherence fulfille d Study 
Stopping criteria, this patient was not discontinued from the study. 

In addition this reviewer identified 4 screening laboratory results which likely protocol 
deviations/violat ions , baseline AST level 76 units/L (>1.5 times the upper limit of normal) in 
Subject 03011, and estimated glomerular filtration rate <30 mL/min/1.73m2 in Subjects 03004, 
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07004, and 02010. 

Lastly, there were 2 patients with ongoing enrollment in RP 103-04 for whom >4 months elapsed 
between their most recent Study Visit and data cutoff—Subject 02013 (4.4 months) and Subject 
02014 (6.2 months), indicating at least 1 missed study visit per patient which were not reported 
by the Applicant as protocol deviations/vio lat io ns. 

Protocol Ame ndme nts 
The Applicant issued 6 amendments to RP 103-04 clinical study protocol. Among the changes 
included in these amendments were changes to patient eligibility criteria, study medication 
dosing, study medication administration, and the schedule of study assessments, 8 of which led 
to clinically meaningful baseline differences among study patients. These differences were taken 
into consideration when performing clinical trial analyses.  See Section 5.3 for more detailed 
discussion of RP 103-04 P rotocol Amendments, and a list of the changes which were deemed 
clinically relevant. 

3.3 Financial Dis clos ure s 

The Applicant reports that there were no financial arrangements between the Applicant and any 
of the clinical trial Investigators. 

4 Significant Efficacy/Safe ty Issue s Related to Other Review 
Discipline s 

4.1 Che mis try M anufacturing and Controls 

Cysteamine bitartrate is a water soluble white powder with a molecular weight of 227.24 Da. 
The molecular weight of the free base is 77.15 Da. 

The molecular formula of cysteamine bitartrate is C2H7NS • C4H6O6, with the following 
chemical structure: 

O OH 

OH 
NH2 -CH2 -CH2 -SH HO 

OH O 

P rocysbi is available as 25 mg and 75 mg delayed-release capsules, expressed as the quantity of 
the free base cysteamine.  

The CMC Reviewer Dr. Jean Salemme performed a review of labeling and Environmental 
Assessment and concluded that both are acceptable for Supplement (b) (4) 10.  An 
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levels, and the P D responses across cysteamine exposures in patients ≤6 years old appear to 
superimpose with that of the older patients. (Figure 2) 

(For a review of RP 103-03 clinical pharmacology data, the reader is referred to the Clinical 
P harmacology review of the original 203389 NDA review by Dr. Kristina Estes dated March 30, 
2012). 

Figure 2: Exposure (C30 Plasma Cysteamine Le vel) vs. Re sponse (WBC Cystine Le vel) 

(Source: Reviewer’s figure using Applicant’s Analysis Datasets, NDA 203389, Module 5.3.5.2) 

Figure 3, generated by the Pharmacometrics Reviewer Dr. Jee Eun Lee, demonstrates overlap of 
the range and central tendency of exposure-response data for patients ≤6 years old and RP 103-03 
patients who were >6 years old, though the linear regression line for the patients ages 2 to 6 
years old is steeper than the RP 103-03 patients. According to the Pharmacometrics Reviewer, 
these data should be interpreted with caution because the differences in regression lines can be 
explained by the higher WBC cystine levels in patients ≤6 years old. 
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The effect of proton pump inhibit ion on the pharmacokinetics of P rocysbi was evaluated in 
healthy subjects (n=20) in Study RP 103-HLTA 009, entitled “An Open-Label, Single-Dose 
Study to Evaluate the Bioequivalence of Cysteamine Bitartrate Delayed-release Capsules 
(RP 103) Following a 600 mg Dose Before and During Treatment with Omeprazole, a P roton 
P ump Inhibitor (P P I).” 

Table 5: Study RP103-HLTA 009 Tre atme nt Schedule 

( Source: Ap pl icant ’s Ta bl e 1 , “Trea tment fo r Peri o d/ Stu dy Da y”, RP1 03 -HLTA-0 09 Cl i nical S t udy Report , p age 
20/127, NDA 203389) 

The pharmacokinetic profiles of P rocysbi alone (day 1) and P rocysbi + omeprazole (day 6) were 
compared. Both doses of P rocysbi were administered to fasted subjects with 240 mL of orange 
juice.  Omeprazole had no significant effect on the pharmacokinetics of P rocysbi when 
administered in the fasted state with substantial quantities of orange juice. (Figure 4) 

Figure 4: Pharmacok inetics of Procysbi with and without Concomitant Omeprazole 
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immediate-release cysteamine bitartrate (RP103-03). An additional 20 patients were 
enrolled directly into this single-arm study. This Clinical Review also references data 
from RP 103-03, which, along with efficacy data of the reference drug Cystagon 
(immediate-release cysteamine bitartrate), served as the basis for approval of Procysbi 
under 505(b)(2) of the Food, Drug, and Cosmetics Act. These references are based on 
the Clinical Review conducted by Carla Epps, dated April 26, 2013. 

Included in this clinical review is an assessment of the safety and efficacy of Procysbi for 
patients 2-6 years old years, based on a sub-populatio n of 13 “newly enrolled” patients, who, like 
the patients in RP 103-03, had all been treated with immediate-release cysteamine bitartrate for a 
confirmed diagnosis of nephropathic cystinosis, a disease which manifests in infancy.[3,4]  
Because these patients enrolled directly into RP 103-04 without completion of RP 103-03, there 
are no data from adequate and well-controlle d trials for patients in this age group. However, 
because these patients are expected to have similar disease progression and response to treatment 
as the older clinical patients, efficacy of P rocysbi could be extrapolated from RP 103-03 clinical 
trial data in the 39 “per protocol” patients, aged 6 to 26 years old, with support from RP 103-04 
data. For the safety evaluation in these patients, assessments are based primarily on the 
uncontrolled data from RP 103-04.  However, as a 505(b)(2) NDA, information from clinical trial 
and post-marketing experience with Cystagon (immediate-release cysteamine bitartrate), 
approved in 1994 are also considered supportive. 

WBC cystine is an accepted pharmacodynamic (P D) biomarker of cystine depletion, which has 
been shown to correlate with long-term clinical outcomes in patients with cystinosis, regardless 
of age.[12] Furthermore, standard of care for cystinosis patients includes use of WBC cystine 
measurements to optimize cysteamine dose, regardless of the cysteamine formulation. In 
RP 103-03 and RP 103-04, P rocysbi doses were based on the patients’ previous cysteamine doses 
and adjusted based on PD and safety assessments. According to the extrapolation guidelines 
[51], extrapolation of efficacy relies on the assumption of a similar exposure-response between 
adults and pediatric patients.  However, there is an established method for dosing cysteamine 
based on PD measurements, regardless of age.  Furthermore, intra-patient P rocysbi dosage 
adjustment is a central feature of RP103-04, thus enmeshing dose assessments with efficacy 
evaluations.  Therefore, analyses used to inform dosing for patients age 2 to 6 years old are 
intertwined with efficacy analyses in Section 6 and are discussed in Section 6.1.8. 

5.3 Dis cus s ion of Individual Studie s /Clinical Trials 

RP103-04: Inte rim Analys is 

The first patient enrolled in Study RP 103-04 on August 27, 2010, and the data cutoff date for the 
Interim Clinical Study Report is July 10, 2013. 

Title 

Long-Term, Open-Label, Safety and Efficacy Study of Cysteamine Bitartrate Delayed-release 
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P rocysbi (delayed-release cysteamine bitartrate capsules) 

Capsules P rocysbi in P atients with Nephropathic Cystinosis 

Study Obje ctive s 
 Primary Objective: 

•	 To assess safety and tolerabilit y of long-term repeat dosing of RP 103 in patients with 
cystinosis 

 Secondary Objectives: 

•	 To assess the steady-state pharmacokinetics (P K) and pharmacodynamics (P D) of RP 103 
•	 To assess patient quality of life (P edsQL™ Version 4.0 or RAND 36-item Short Form 

Health Survey (SF-36R) Version 2 instruments) 

Study De s ign 

Study RP 103-04 is an ongoing, open-label study of the safety, tolerability and steady-state
 
pharmacokinetics and pharmacodynamics of P rocysbi in patients with nephropathic cystinosis.
 
This study was designed as an extension trial for patients who completed the Phase 3 trial,
 
RP 103-03, and wished to continue P rocysbi treatment.  After completion of RP 103-03,
 
enrollment in this open-label trial was opened to eligible patients less than 6 years of age and 

patients who had received kidney transplants.
 

Protocol Ame ndme nts 

The Applicant issued 6 protocol amendments for RP 103-04. Amendments 1 through 3 were 
issued prior to the enrollment of the first patient in RP 103-04.  Enrollment was restricted to 
patients who completed RP 103-03 until after Amendment 5. 

Five of these amendments were issued prior to the original P rocysbi NDA submission and have 
been reviewed in detail by Carla Epps (Clinical Review dated April 26, 2013). Amendment 6, 
dated September 26, 2012, is detailed below. For Amendments 1 through 5, the protocol 
changes which led to differences in patient characteristics and inconsistency in study procedures 
are listed in Table 7. 
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Table 7: Clinically Re le vant Changes to RP103-04 Study Protocol from Ame ndments 1-5 
Ame ndme nt 

Numbe r 
Clinical Re le vance 

(Rationale , if provide d) Change s to RP103-04 Protocol 

1 Amended Pro cysbi d osing p ro cedures 
(to be cons istent with RP103-03 s t u d y 
pro cedures) 

For newly enrolled patients: 
• Procys bi s tarting daily dose of 70% of previous 

daily Cys tagon dose 
2 M o d ified elig ib ilit y crit eria Elimin ated in clu s io n criterio n req u irin g p at ient to 

be on a s uitable dose of cysteamine that produces a 
meaningful reduction in W BC cy s t in e lev els 

4 Modified s tudy medication dosing 
(to be cons istent with concurrent 
RP103-03 s t u d y p ro cedures#) 

For newly enrolled patients: 
• Procys bi s tartin g daily dose ch an ged t o 80% o f 

p revious d aily Cy s tagon d ose 
(fro m 70%, per original protocol) 

• Sp ecified d o se increase allo wed d urin g up to100% 
o f previous daily Cystagon dose 
(ins tead of 20-25% in creas e in dos e) 

Modified s tudy drug administration 
pro cedures 
(b as ed o n res ult s fro m RP103-03 
d emo n s trat ing s ignifican t effect s o f 
food on Procysbi absorption) 

Patients in st ructed t o : 
• Fas t ≥3 hours prior to dosing; and 
• In g es t meal b etween 30 & 60 minu tes after d o sing 
(ch an g ed from ins tructions to eat food immed iately 

prior to dos ing and withhold dairy p ro ducts fo r 1 
hour before and 1 hour aft er dosing, as per original 
protocol through amendment 3*) 

5 Modified RP103 dos es 
(to be cons istent with concurrent 
RP103-03 s t u d y p ro cedures) 

Fo r n ewly en ro lled p atien ts, ch anged s tarting d aily 
dos e to 70% previous daily Cys tagon dose 
(fro m 80% as las t s p ecified in A men d ment 4) 

Modified enrollment criteria† 

(bas ed o n s imilar PK with in tact an d 
op en ed capsu les‡) 

A llowed enrollment of patients requiring 
adminis tration of opened capsules either by mouth 
or via gas trostomy tube 

Modified s tudy drug administration 
pro cedures 
(to accommodate newly elig ib le 
patients who will not be taking intact 
caps ules) 

• Changed fas ting period to ≥2 hours prior to dosing 
(ch ang ed fro m fas t ≥3 hours per A men dment 4) 

• Added new instructions for patients who cannot 
comply with the fas ting recommendation to: 
- In g es t only a s mall amount between 1 hour 

before to 1 hour after dos e an d 
- No dairy products 1 hour before after aft er d o se 

•  Added ad min is tratio n in s tru ct io ns fo r p at ients n ot 
taking intact capsules, including these lis ts of 
accep tab le an d un acceptable foo ds and liquids for 
mixing with Procys i capsule contents: 
- A ccep table: ap p lesauce, no n-dairy p ud din g, fru it 

ju ice (excep t g rap efru it ), Po ly citra, Po ly cit ra-K, 
non-caffein ated so da 

- Unaccep table: water, milk, dairy p ro d u cts, and 
other liquids /foods with neutral or bas ic pH 

• Changed ins tructions to p at ients taking intact 
cap s ules to s pecify d osin g of Procysbi with one of 
thes e acceptab le foods/liq uid s 

(Rep laced in s truction to take Pro cysb i with an 
acid ic b everage, as per original protocol through 
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Amendment 4*) 
Modified s tudy visit/assessmen t 
s chedu le 

Changed study s chedule for newly enrolled p atien ts: 
• Added dose confirmation period on d ays 1-5 
•  Elimin at ed Monthly v isit s, all planned s tud y v is its 

changed t o Qu arterly 
( Source: Reviewer’s o wn table using information i n th e RP103 -04 Cl inical Prot ocol a nd Pro t oco l Amen dments,
versio n s 1 -5; N DA 2 0 3 389; Mo d ule 5 .3 .5.2)
# Prior to this RP103-04 Protocol A mendment, the Applicant is sued an RP103-03 Protocol A mendment, to change 

p atients’ in it ial Procysbi dosing fro m 70% to 80% o f their previous (p re-st udy) total daily Cys tagon dose (RP103­
03 Pro t o co l A men dment 4, Oct o b er 22, 2010).  Of t h e 40 RP103-03 patients who s ubsequent ly en ro lled in RP103­
04, 32 (80%) receiv ed a Procysbi s tarting dose equal to 70% of his /her p revio us Cy s tagon d ose v s. 8 (20%) 
patients who received a Procysbi s tarting dose equal to 80% of the previous Cystagon dose. 

* Previous versions of RP103-04 were cons istent with procedures used during RP103-03 
† W ith A mendment 5, RP103-04 enro llment was re-opened to patients who had not previously completed RP103-03
 ‡ See Figure 36 comparing the PK of opened intact vs. capsules, previously reviewed by Dr. Kris tina Es tes (s ee 

rev iew d ated March 30, 2012) are s h o wn in t h e A p pendix, Sect io n 9.4.2 A d d it io nal Clin ical Ph armaco lo g y

In fo rmat io n ) 


Amendment 6 (September 26, 2012): 
-- Clinical changes: 
•	 Eligib ilit y criteria changed to exclude patients <1 year old 
•	 Maximum study duration increased from 24 to 36 months 
•	 Amended drug administration instructions by making the following changes to the lists of 

acceptable and unacceptable foods/liqu ids for P rocysbi dosing: 
o	 Added berry jelly as an acceptable food 
o	 Specified orange juice as the preferred fruit juice 
o	 Added alcoholic beverages to the list of unacceptable liquids 

•	 Added optional P K substudy visit for subjects ≤ 6 years old 

-- Other changes: 

•	 Updated the bioanalytical laboratory contact details to reflect that

 US location receives all PK-PD samples 


• 
(b) (4)

Revised product description to reflect currently manufactured lots 

Study Population 
All Procysbi clinical trial patients were on treatment with immediate-release cysteamine 
bitartrate prior to initiation of P rocysbi. Until RP 103-03 completion/p ub l ished results, 
enrollment in RP 103-04 was restricted to patients who completed RP 103-03. The patients in this 
study subpopulation, hereafter referred to as “RP 103-03 patients”, transitioned directly into this 
extension study. Following the completion of RP 103-03 data analysis, enrollment of RP 103-04 
was re-opened to include patients who did not complete RP 103-03 (called “newly enrolled 
patients”), targeting enrollment to 2 specific patient subgroups of patients were identified for 
RP 103-04 participation : P atients ≤6 years old at the time of enrollment (“patients ≤6 years old”) 
and patients who had previously undergone renal transplantation (“transplant patients”). 

33
 

Reference ID: 3806243 



 
  

  
 

 

 

      
 

  
     

     

 
    
       

 
       

       
   

      
   

 
      

 
     

      
    

  
      

 
        

    
 

  
  

     
    
 

      
     

      
 

Clinical Review 
Lauren Weintraub, MD 
Supplemental NDA 203389/ (b) (4) S-10 
P rocysbi (delayed-release cysteamine bitartrate capsules) 

The following are the key clinical trial eligibilit y criteria for which were current at the time of 
patient enrollment: 

 Key Inclusion Criteria 
-- For randomized trial patients: 

•	 Completion of the last visit of Study RP 103-03 and willing to continue with RP 103 
(b) (4)

-- For newly enrolled patients: 
•	 Documented diagnosis of cystinosis 
• On a stable dose of Cystagon at least 21 days prior to screening 

-- For all patients: 
•	 Within the last 6 months, no clinically significant change from normal in liver 

function tests [i.e., 1.5 times upper limit of normal (ULN) for alanine 
aminotransferase (ALT) and aspartate aminotransferase (AST), and/or 1.5 times ULN 
for total bilirubin] and renal function [i.e., estimated glomerular filtration rate (GFR) 
corrected for body surface area (BSA)] at Screening as determined by the
Investigator. 

•	 Subject must have an estimated glomerular filtration rate (GFR) that is >30 
mL/minute/1.73 m2 BSA. 

•	 Sexually active female subjects of childbearing potential (i.e., not surgically sterile 
[tubal ligation, hysterectomy, or bilateral oophorectomy] or at least 2 years naturally 
post-menopausal) must agree to utilize the same acceptable form of contraception 
from Screening through completion of the study. 

•	 Subject must be willing and able to comply with the study restrictions and 
requirements. 

•	 Subject or their parent or guardian must provide written informed consent and assent 
(where applicable) prior to participation in the study 

 Key Exclusion Criteria 
-- For randomized trial patients: 

• Subjects enrolled in the previous Study RP 103-03 who did not complete their last
scheduled study visit or did not wish to continue on treatment with RP 103.
 

-- For newly enrolled patients:
 
•	 Current history of any of the following conditions or any other health issues that 

made it, in the opinion of the Investigator, unsafe for them to participate: 
 Inflammatory bowel disease (if currently active) or prior resection of small 

intestine 
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 Heart disease (e.g., myocardial infarction, heart failure, unstable arrhythmias, or p 
poorly controlled hypertension) 90 days prior to Screening 

 Active bleeding disorder 90 days prior to Screening 
 History of malignant disease within the last 2 years 

•	 Hemoglobin level of <10 g/dL at Screening or, in the opinion of the Investigator, a 
hemoglobin level that made it unsafe for the subject to participate. 

•	 Known hypersensitivit y to cysteamine and penicillamine 
•	 Female subjects who were nursing, planning a pregnancy, known or suspected to be 

pregnant, or with a positive serum pregnancy screen. 
•	 Subjects who, in the opinion of the Investigator, are not able or willin g to comply 

with the protocol 

The protocol listed following reasons for termination of study participation by the
 
Investigator:
 
•	 Failure to achieve a meaningful reduction of WBC cystine level—i.e., <1 nmol ½

cystine/mg protein 
•	 P rocysbi intolerance 
•	 Change in compliance with inclusion/e xclus ion criteria(ion) that is/are clinically 

relevant and affects subject safety, 
•	 Occurrence of AEs that result in the subject or the Investigator requesting study 

withdrawal, Unacceptable AE(s); 
•	 Occurrence of pregnancy, 
•	 Intake of non-permitted concomitant medication that might affect subject safety or

study assessments/objectives, etc. 
•	 Illness that prevented further administration of treatment; 
•	 Changes in the subject's condition that render further treatment unacceptable in the 

judgment of the Investigator 
•	 P rotocol non-compliance 

Clinical Trial Endpoints 

 P rimary endpoints: 
•	 Safety: assessed by adverse events (AEs), serious adverse events (SAEs), gastric 

acid reducing medication use, clinical laboratory tests (hematology, serum 
chemistry, and urinalysis), physical examinations, vital signs, and ECGs 

•	 Steady-state WBC cystine level (nmol ½ cystine/mg protein) 
 Other secondary/exploratory endpoints 

•	 P rocysbi dose changes over time and comparison of P rocysbi dose with previous 
Cystagon dose 
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mixture must be refrigerated between preparation and administration 
 Dosing in food: open all capsules for the dose and sprinkle contents onto 

approximately 4 ounces of an acceptable soft food (see below). Gently stir the 
medication beads into the soft food, and eat the entire amount of food. This may 
be followed by 8 ounces (1 cup) of an acceptable liquid 

 Dosing in liquid : open all the capsules for the dose and sprinkle the contents into 
4-6 ounces of an acceptable liquid. Mix/shake gently for 5 minutes, then: 
 Syringe administration : aspirate the RP 103-liqu id mixture into a dosing 

syringe. Administer the entire dose via gastrostomy tube 
 Administratio n by mouth: Drink all of the RP 103-liquid mixture. 

 Acceptable liquids/f oods for P rocysbi dosing: orange juice (preferred) or other 
fruit juice (except grapefruit), applesauce, non-dairy pudding, P olycitra, P olycitra-
K, non-caffeinated soda, berry jelly 

(Unacceptable foods and liquids : water milk, dairy products, alcoholic 
beverages, other liquids/f oods with neutral or basic pH) 

 Timing of P rocysbi doses with respect to meals/snacks, depending on protocol 
amendment
 

-- RP 103-03 (all) through Amendment 3 of RP 103-04
 

• Eat immediately prior to P rocysbi dose 
• Withhold dairy products for 1 hour before and 1 hour after dosing 

-- Amendment 4 of RP 103-04 
• Fast ≥3 hours prior to dosing; and 
• Ingest meal between 30 & 60 minutes after dose (withhold dairy products for 1 

hour after dose)
 
-- Amendment 5 of RP 103-04 until data cutoff
 

• Recommended fast ≥2 hours prior to dosing 
• Wait at least 30 minutes after dose before eating 
• For patients who cannot comply with the general fasting recommendations, 

ingest only a small amount between 1 hour before and 1 hour after dose and 
withhold dairy products during this time 

 Dosage adjustments: The Investigator was permitted to make P rocysbi dosage 
adjustments in response to safety information (i.e., symptoms of medication intolerance) 
or P D data (i.e., WBC cystine levels >1 nmol ½ cystine/mg protein) obtained at each 
study visit. 

 Medication diary: 
 A daily diary was dispensed to each patient/family to keep a record of   (1) 

P rocysbi doses, administration times, administration procedures (i.e., 
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fasting/timing of meals with respect to doses, liquid or food taken with P rocysbi), 
and (2) gastric acid reducing (GAR) drugs (prescription and over the counter). 

 At each study visit, diaries were reviewed for completeness and collected by 
study personnel, and a new diary was dispensed. 

 Continued non-complia nce with diary completion was specified by the Applicant 
as a reason for early study termination. 

Note: Due to P rocysbi re-supply issues in December 2010 and January 2011, 7 patients 
were treated with Cystagon during ≥ 1 period of P rocysbi unavailability (maximum 
reported duration 18 days). 

Prior and Concomitant M e dications 
 P rocysbi was the only cysteamine formulation permitted in RP 103-04.* 
 Subjects were asked to stop gastric acid reducing (GAR) medications at least 12 hours 

before receiving their first dose of RP 103 until study termination. However, GAR 
medications were allowed in cases of intolerable gastric upset, at the discretion of the 
Investigator. Use of GAR drugs was evaluated as a clinical trial safety outcome. 

 Illegal drug use and alcohol use were prohibited during the study. 
 There were no restrictions on the use of other concomitant medications during the trial. 

Study Proce dure s : 

 Study Visits: scheduled study assessments and visits differed according to patient 
enrollment group (shown in Figure 5). 

Figure 5: RP103-04 Study Visit Schematic- Comparison of RP103-03 and Ne wly Enrolle d Patie nts 

( S o u rce: C l in ical Revi ew b y Dr. Ca rl a Ep ps d a ted Ap ril 2 6, 2 0 13 ; Fi gu re 8 en t it led “RP1 03-0 4 S t udy Tri al
S ch ema tic”, p a ge 6 3/ 112 ) 
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•	 Screening: 
 For RP 103-03 patients, screening was performed concurrently with the RP 103-03 

End-of-Study visit 
 For newly enrolled patients, up to 28 days prior to Study Day 1 

•	 Dose confirmation period (newly enrolled patients only): Study Days 1-5 
 Day 1 (while still on Cystagon): morning study visit with P K/P D measurements 

drawn 5.75 hours after last Cystagon dose 
 First P rocysbi dose administered in clinic 
 Days 4 and 5: Study visits with P K/P D measurements 30 minutes post- P rocysbi

dose 
-- P K blood sample (plasma cysteamine level) 0.5 hour (30 minute) post-
P rocysbi dose; P D sample (WBC cystine level) 
-- Procysbi dose adjustment based on WBC cystine level, if needed 

•	 P lanned study visits with PK/PD assessments: For RP 103-03 patients, frequency of 
planned study visits/assessments was monthly (minimu m of 6 consecutive visits), 
followed by Quarterly Study visits/assessments for the remainder of study participation. 
Only Quarterly Study visits/assessments were planned for newly enrolled patients, all of
whom were enrolled after eliminat io n of Monthly Study visits by Amendment 5. 

Quarterly Study Visits were planned for the 15th day (±7 days) of the first month of 
each calendar quarter (i.e., January 15, April 15, July 15 and October 15). 

•	 End-of-Study Visit: within 7 (±2 days) from the last completed study visit or from the 
date of decision to terminate study participation 
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 Study Assessments 

Table 8: RP103-04 Sche dule of As ses sments 

(Source: Adapted from Applicant’s Table 2, entitled “Schedule of Events”; Interim Clinical Study Report, pages 44­
49, Module 5.3.5.2) 
* Dos e confirmation period is o n ly ap plicable to newly en rolled p atients 
# Newly enrolled patients did not have any Monthly Study vis its 

Planne d M e thods of Analys is 

Because RP103-04 is an ongoing trial, the database remains unlocked.  The Applicant submitted 
(b) 
(4)an interim clinical study report and analyses to support these application RP 103-04 is a single-

arm clinical trial intended to perform longitud ina l analyses. Summary statistics were provided 
for outcome variables (and change from baseline) over time (N, mean, median, SD, minimum, 
and maximum). Missing data were not imputed. 

Two study populations were planned for analysis: 
• P K/P D population : P atients with ≥1 PK/PD measurement (n=59) 
• Safety population: P atients who received ≥1 of the study drug (n=59) 

Analyses of efficacy outcome variables are reported for the P K/P D population , and for each of 
the 3 study sub-populations (RP 103-03 patients, patients ≤6 years old, and transplant patients). 
However, this trial was uncontrolled and not powered to provide substantial evidence of efficacy. 
Therefore, only descriptive statistics are presented for inter-group comparisons. Formal dose-
response and exposure response analyses to support extrapolation of efficacy were performed by 
the pharmacometrics review team (see Clinical P harmacology review dated June 29, 2015). 

For the transplant patients, discussions of subgroup analyses are limited due to the very small 
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population size and large baseline inter-patient variabilit y, which interfere with data 
interpretation. 

For safety analyses, no formal hypothesis-testing analysis of adverse event (AE) rates was 
planned. P lanned AE tabulations included the following : 

•	 By-subject listings planned for the followin g : treatment-emergent AEs, subject deaths; 
SAEs; and AEs leading to withdrawal 

•	 Summarization of adverse events in tables by frequency/incidence rates—for events that 
were considered treatment-emergent, defined as any AE that emerged during treatment in 
study RP 103-04, having been absent pretreatment, or worsened relative to the 
pretreatment state 

•	 Coding of adverse events by the MedDRA (version 12.1) P referred Term and 

System/Organ/Class (SOC)
 

•	 Presentation of treatment-emergent adverse event (TEAE) coded by study drug 

causality—i.e., definitely, probably, and possibly related AEs
 

For laboratory values, the actual value and change from baseline was summarized for each 
clinical laboratory assessment. In the event of repeat values, the last non-missing value per visit, 
per time point was used.  Vital sign measurements and physical examination findings, and ECG 
data were presented as by-subject listings. 

6 Re vie w of Efficacy 

Efficacy Summary 
To demonstrate the efficacy of P rocysbi in patients ≤6 years old with nephropathic cystinosis, 
the Applicant submitted data from 13 patients enrolled in a single-arm, open label clinical trial 
(RP 103-04), which is not powered to provide substantial evidence of efficacy.  However, 
because the course of the disease and expected effects treatment response are sufficiently similar 
for all patients nephropathic cystinosis, regardless of age, under the Code of Federal Regulations 
[21 CFR 314.55(a) and 21 CFR 601.27 (a)], the efficacy of P rocysbi can be extrapolated from 
adequate and well-controlled studies in older patients. P rocysbi was approved for patients ≥6 
years old under the 505(b)(2) regulatory pathway, based on the demonstration of noninferiority 
to immediate-release cysteamine bitartrate (Cystagon), its listed drug, in a 9-week randomized, 
cross-over trial (RP 103-03). Efficacy was assessed using measurements of white blood cell 
(WBC) cystine, a pharmacodynamic biomarker of intracellular cystine accumulation which is 
used in clinical practice to evaluate treatment response, along with reliance on the FDA’s prior 
finding of effectiveness for Cystagon. 

In RP 103-04, WBC cystine level was also specified as the primary efficacy endpoint. Compared 
to patients >6 years old, WBC cystine levels were higher in the patients ≤6 years old. The mean 
(±SD) WBC cystine level at each study visit ranged from 0.86 (±0.51) to 2.00 (±1.73) nmol ½ 
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(b) (4)

(b) (4)

6.1.1 M e thods 

The efficacy of P rocysbi for the treatment of nephropathic cystinosis in patients age 2 to 6 years 
old was extrapolated from efficacy data in older patients, with supportive data from patients 
enrolled in an open-label, single arm clinical trial (RP 103-04) aimed to evaluate long-term 
P rocysbi treatment patients in nephropathic cystinosis. For older patients, the efficacy of 
P rocysbi was established using data from a 9-week, randomized, open-label cross-over clinical 
trial (RP 103-03), which demonstrated non-inferior it y of P rocysbi to the FDA approved 
immediate-release formulation of cysteamine bitartrate (Cystagon, NDA 020392, approved 
August 15, 1994). Based on these data, the FDA concluded that the Applicant provided 
sufficient evidence of a comparable effect on the pharmacodynamic biomarker of white blood 
cell (WBC) cystine concentration for/to support approval under the 505(b)(2) regulatory 
pathway. (The reader is referred to the Clinical Review by Dr. Carla Epps dated April 26, 2013.) 
As a 505(b)(2) new drug application (NDA), the FDA’s findings of safety and efficacy relied on 
data from clinical trials with immediate-release cysteamine and clinical experience of Cystagon 
for treatment of nephropathic cystinosis, along with appropriate bridging clinical pharmacology 
studies. (The reader is referred to the Clinical P harmacology review of the original NDA by Dr. 
Kristina Estes dated March 30, 2012.) 

The Applicant submitted interim analyses of Study RP 103-04 data (cutoff date July 10, 2013). 
These data were obtained from patients continuing P rocysbi treatment following completion of 
Study RP 103-03 (n=40, referred to as “RP 103-03 patients” in this review), as well as 19 newly 
enrolled, Cystagon-treated patients from two patient populations not previously represented in 
P rocysbi clinical trials, patients age 2 to 6 years old (n=13, referred to as “≤6 years old” in this 
review) and patients who had previously undergone renal transplantation for end-stage renal 
disease due to nephropathic cystinosis (n=6, referred to as “transplant patients” in this review). 
At the time of data cutoff, mean (±SD) P rocysbi treatment duration in RP 103-04 was 26.8 (±6.5) 
months for the RP 103-03 patients and 17.2 (±1.9) months for the patients ≤6 years old. 

The efficacy evaluation for this review focused on: 

1.	 Evidence to support the extrapolation of the efficacy in patients aged 2 to 6 years old 
from P rocysbi clinical trial data in older patients (for Supplement 10) 

2.	 Evaluation of dose-response, in combination with clinical pharmacology data of 
exposure-response to inform dosing for patients age 2 to 6 years old (for Supplement 10) 

3. Review of extension trial data in patients who completed RP 103-03, (b) (4)
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In addition, because Study Visits were named according to the visit schedule (e.g., Monthly 1, 
Quarterly 1, etc.), Study Visit names referred to different study time points for RP 103-03 
patients and newly enrolled patients, which precluded performing inter-group analyses by Study 
Visit. Therefore, this reviewer recoded Study Visit names for the newly enrolled patients to be 
consistent with the RP 103-03 patients’ Study Visits. For the purposes of clarification and 
consistency, only these recoded study visit names are used in this review and are referred to as 
“Adjusted Study Visits”. In Table 9, Adjusted Study Visits are shown along with the 
corresponding Study Visit names assigned by the Applicant for both the RP 103-03 and newly 
enrolled patients. 

Table 9: Reviewer’s Renaming of Study Visits to “Adjusted Study Visits” 
(in Order for Study Visit Name s to Represent Consistent Study Time Points for 
Newly Enrolled and RP103-03 Patients) 

Original Study Visit Name 
Adjusted Study Visit Name 

RP103-03 Patients New ly Enrolled 
Patients 

Monthly 1 ----* Monthly 1* 
Monthly 2 ----* Monthly 2* 
Monthly 3 Quar ter ly 1 Monthly 3 
Monthly 4 ----* Monthly 4* 
Monthly 5 ----* Monthly 5* 
Monthly 6 Quar ter ly 2 Monthly 6 
Quar ter ly 1 Quar ter ly 3 Quarterly 1 (Q1) 
Quar ter ly 2 Quar ter ly 4 Quarterly 2 (Q2) 
Quar ter ly 3 Quar ter ly 5 Quarterly 3 (Q3) 
Quar ter ly 4 Quar ter ly 6 Quarterly 4 (Q4) 

* In d icat es St ud y Vis it fo r RP103-03 patients only. 

Transplant patients: Subgroup analyses are generally not discussed in detail. This subgroup had a 
very small population size which consisted of 5 patients at most study time points. (Followin g 
the dose-finding period, one transplant patient was discovered to be noncompliant with treatment 
and was withdrawn from study participation by the Investigator.) Because there was substantial 
inter-patient variabilit y in baseline disease control and cysteamine bitartrate doses, 
interpretations of efficacy analyses in this patient population are not informative. 

6.1.2 Demographics 

All patients enrolled in RP 103-04 were previously treated with Cystagon. In other words, no 
cysteamine-naïve patients were enrolled in RP 103-04 or the previous randomized cross-over 
clinical trial, RP 103-03. The duration of patients’ prior Cystagon treatment or date of 
nephropathic cystinosis diagnosis was not provided. However, medical history information 
suggests patients’ duration of immediate-release cysteamine treatment prior to enrollment in 
P rocysbi clinical trials was highly variable. 
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Because enrollment criteria differed for the newly enrolled patients and RP 103-03 patients WBC 
cystine levels were higher for the newly enrolled patients, compared to the RP 103-03 patients. 
Newly enrolled patients were also receiving lower doses of Cystagon (corrected for body surface 
area) prior to enrollment. The relationship between baseline WBC cystine level and previous 
Cystagon total daily dose is shown in Figure 6. Patients with desirable baseline WBC cystine 
levels were receiving higher mean Cystagon doses prior to enrollment. 

Figure 6: Comparison of Pre vious Cystagon Daily Doses for Base line WBC Cystine Groups 

(Source: Reviewer’s figure using Applicant’s Analysis Datasets, NDA 203389, Module 5.3.5.2) 

6.1.3 Subje ct Dis pos ition 

P atient enrollment and disposition at data cutoff (July 10, 2013) are summarized in Figure 7 and 
Table 12. 
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to monitor disease and guide cysteamine dose adjustment to achieve a desirable clinical 
response, which consensus treatment guidelines define as WBC cystine levels below the upper 
limit for heterozygous carriers who are asymptomatic (<1 nmol ½ cystine/mg protein using 
current standard laboratory methodology).[ 11] Reference WBC cystine ranges and therapeutic 
target levels are the same for all patients with nephropathic cystinosis, regardless of age.[12]  

In patients older than 6 years of age, from whom the efficacy of P rocysbi is being extrapolated 
for patients age 2 to 6 years old, mean ±SD WBC cystine levels during the P rocysbi treatment 
arm of Study RP 103-03 (0.52 ± 0.06 nmol ½ cystine/mg protein) were comparable to levels 
during the Cystagon treatment arm (0.44 ± 0.06 nmol ½ cystine/mg protein; difference 0.08 ± 
0.03, non-inferiority margin < 0.3, 95.8% confidence interval 0.01 to 0.15, p-value <0.0001). 
This 9-week cross-over trial was used to support NDA approval under the 505(b)(2) regulatory 
pathway with Cystagon as the listed drug. (The reader is referred to the clinical review by Dr. 
Carla Epps dated April 26, 2013.) 

For 40 of the 41 patients older than 6 years old who completed RP 103-03, serial WBC cystine 
measurements on P rocysbi treatment for up to 34 months duration are available from the Interim 
RP 103-04 data analyses.  A total of 504 measurements were available for this patient subgroup, 
with the last assessments for the 36 patients still enrolled at the time of data cutoff obtained at 
time points ranging from Study Month 22 to 31.  

At all analysis time points during RP 103-04, mean WBC cystine levels for the RP 103-03 
patients were <1 nmol ½ cystine/mg protein. Tables with WBC cystine level summary for the 
RP 103-03 patients can be found in the Appendix, 9.4.3 Additional Efficacy Tables/Figures). 
Thus, it appears that long-term Procysbi treatment can maintain WBC cystine levels in the 
therapeutic target range. 

For the 13 patients ≤6 years old, 61 WBC cystine measurements were available in the submitted 
interim RP 103-04 data.  Mean WBC cystine levels in patients ≤6 years old were greater than 1 
nmol ½ cystine/mg protein at 5 of the 6 analysis time points for which >50% of patients had 
available data. Thus, patients ≤6 years old had higher mean WBC cystine levels than the RP 103­
03 patients (Figure 10 and Table 9). 
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Figure 9: Me an (±SD) WBC Cystine Levels (nmol ½ cystine/mg prote in) by Patie nt Group 

(Source: Adapted from Applicant’s Figure 2 entitled “Mean (±SD) WBC Cystine Level (nmol ½ cystine/mg protein) 
vs. Time at “Collected Visits” (Collected Visits)”; Interim Clinical Study Report page 82/201; Module 5.3.5.2)
A bbreviations: M, monthly visit; Q, quarterly vis it 
Study vis it name is defined by s tudy vis it s chedule for RP103-03 patients, who had least 6 monthly s tudy vis its,
followed by quarterly s tudy visits 
For newly enrolled patients, who had only quarterly visits, M3=1st quarterly visit, M6=2nd quarterly visit, Q1=3rd 

q u arterly v is it, etc. 

However, baseline WBC cystine levels (i.e., last WBC cystine level obtained prior 
administratio n of the first P rocysbi dose in RP 103-04) were higher for the patients ≤6 years old 
than RP 103-03 patients (Figure 10). Baseline values for 8 of the 13 (62% ) patients ≤6 years 
were ≥1 nmol ½ cystine/mg protein vs. 6 of the 40 RP 103-03 patients (15% ). Median baseline 
levels were 1.19 and 0.36 for the patients ≤6 years old and RP 103-03 patients, respectively. 
(Mean values are shown in Figure 10.) 

Unlike the RP 103-03 patients, patients ≤6 years old were not required to be on a stable dose of 
Cystagon which achieved a desirable WBC cystine concentration prior to clinical trial 
participation. Therefore baseline WBC cystine levels were notably higher among the patients ≤6 
years old (Figure 10 and Figure 11). 

52
 

Reference ID: 3806243 



 
  

  
 

 

 

  
 

 
 

  
     

   
 

 
  

 
 

 
        

          
         

        

Clinical Review 
Lauren Weintraub, MD 
Supplemental NDA 203389/ (b) (4) S-10 
P rocysbi (delayed-release cysteamine bitartrate capsules) 

Figure 10: Comparison of Base line WBC Cystine Le vels Be twe en RP103-03 Patients 
and Patie nts ≤6 Years Old 

(Source: Reviewer’s figure using Applicant’s Analysis Datasets, NDA 2 0338 9, Module 5.3 .5.2)
* Mean ± Stan dard Deviation 
The outlying value indicated by the red box is the bas eline value of 10.60 for 
Sub ject 03009, wh ich th e A p plicant rep orts was o b tained in th e co ntext o f treatment 
noncompliance with Cys tagon prio r to RP103-04 enrollment. 

Figure 11: Pe rce ntage of Patient Subgroups in Each Base line WBC Cystine Group 

(Source: Reviewer’s figure using Applicant’s Analysis Datasets, NDA 203389, Module 5.3.5.2) 

Although mean WBC cystine levels for patients ≤6 years old were ≥1 nmol ½ cystine/mg protein 
for most analysis time points, a subset of these patients maintained WBC cystine levels <1 nmol 
½ cystine/mg protein. As shown in Table 13 (summary table of WBC cystine data for patients 
≤6 years old), the patients with the lowest baseline WBC cystine levels tended to maintain lower 
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WBC cystine levels on subsequent assessment. In general, those patients ≤6 years old with lower 
baseline WBC cystine levels maintained lower levels on subsequent assessments. This pattern is 
also present in the RP 103-03 patient subgroup.  The relationship between baseline WBC cystine 
level and subsequent WBC cystine measurements for the entire RP 103-04 clinical trial 
population is displayed graphically in Figure 12. 

Table 13: Pat ie nt s ≤ 6 Ye ars Old ( n=13): WBC Cys tine Le ve ls (nm ol ½ cys t ine/mg prot e in) f or 
Adju s t e d S t u dy Vi s i t s , S t ra ti f ie d by Ba s e l i ne WBC Cyst i ne Grou p 

( Source: Adapted from Applicant’s Table 14, “Summary of WBC Cystine Concentrations Over Time ( Subjects
≤6 Yea rs o f Ag e; PK/ PD Po p ul ati on)”, In t erim C l i nical S t udy Report p ag e 7 8 /2 01, NDA 2 0 338 9, Mo dul e 5 .3.5 .2) 
The las t s tudy vis it (A djusted Vis it) completed by all 13 patients ≤6 years old was Quarterly 1, performed at Months 

7 to 10, mean Month 9. 
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Figure 12: Follow-up WBC Cystine Le vels by Base line WBC Cystine Group 

(Source: Reviewer’s figure using Applicant’s Analysis Datasets, NDA 203389, Module 5.3.5.2) 

For the 13 patients ≤6 years old enrolled in RP 103-04, 12 had at least 1 assessment performed at 
≥12 months of study participation. Mean (±SD) WBC cystine level for these patients at Month 
12 (calculated using patients’ first WBC cystine measurement at ≥Month 12, range Month 12 to 
Month 14) was 1.13 (±0.56) nmol ½ cystine/mg protein [baseline WBC cystine level 1.40 
(±1.08) nmol ½ cystine/mg protein (n=12)], and at that study time point patients were receiving a 
mean (±SD) daily P rocysbi dose of 912 (±282) mg/m2/day [initial P rocysbi dose 814 (±251) 
mg/m2/day]. For the patients with WBC cystine level <1 nmol ½ cystine/mg protein, mean 
(±SD) daily P rocysbi dose was 1062 (±332) mg/m2/day. 

By the data cutoff date, 11 of the 13 patients (85% ) had achieved WBC cystine levels <1 nmol ½ 
cystine/mg protein.  Both patients who did not achieve WBC cystine level <1 nmol ½ cystine/mg 
protein (Subjects 04003 and 05002) experienced recurrent P rocysbi-related gastrointestinal 
adverse reactions, which may have led to suboptimal dosage adjustments; however, no 
information is provided in RP 103-04 Interim CSR to confirm this assumption. Serial WBC 
cystine measurements for these 2 patients are shown graphically in Figure 13.  P rior to data 
cutoff, Subject 04003 had completed 3 follow-up study visits and Subject 05003 had completed 
5 follow-up study visits. This is representative of the subgroup of patients ≤6 years old who 
completed an average (mean) 4.7 follow-up study visits per patient prior to data cutoff, as 
compared to an average (mean) of 12.6 follow-up study visits among RP 103-04 patients. As a 
result, patients ≤6 years old had fewer opportunit ies for dosage adjustment to achieve optimal 
WBC cystine levels. 
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surface area and (2) percentage of previous total daily Cystagon dose.  It is important to note that 
international consensus treatment guidelines recommended a minimum cysteamine bitartrate 
dose of 1.3 grams/m2/day, and do not recommend reducing doses below this level unless patients 
experience medication intolerance, even in well-controlled patients.[12]  In addition, a consensus 
statement from the NIH/Office of Rare Diseases conference on cystinosis in 2004 states that 
consideration should be given to targeting WBC cystine levels closer to normal levels (<0.2 
nmol ½ cystine/mg protein) [52], since the levels necessary to prevent the progression of renal 
disease and the occurrence of extra-renal complications have not been established.[11] Thus, no 
comparable studies have been conducted with Cystagon to determine patients’ minimum doses 
which maintain WBC cystine levels <1 nmol ½ cystine/mg protein. 

Analyses in this section of the review were used (b) (4)

• To inform dosing of P rocysbi in patients 2 to 6 years of age for Supplement 10 
(b) (4)

At the time of data cutoff, 30/59 patients (51% ) were receiving P rocysbi doses higher than their 
initial dose at the start of RP 103-04, while 19/59 (32% ) were receiving lower doses, and doses 
remained unchanged for 10/59 patients (17% ). The direction of P rocysbi dose changes (i.e., 
most recent P rocysbi dose prior to data cut-off vs. initial RP 103-04 dose) are shown for each of 
the patient subgroups in Figure 14. 

Figure 14: Procysbi Dose Adjustments in RP103-04 by Patie nt Subgroup (Initial vs . Las t† Dose) 

(Source: Reviewer’s figure using Applicant’s Analysis Datasets, NDA 203389, Module 5.3.5.2)
† Procys bi dose at patient’s las t av ailab le assessment p rio r to d ata cu toff 
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Figu re 17: Numbe r of WBC Cys tine Le vels ≥1 nmol ½ cystine /mg protein in RP103-03 
Pat i e n t s by Adju s t e d S t u dy Vi s i t 

(Source: Reviewer’s figure using Applicant’s Analysis Datasets, NDA 203389, Module 5.3.5.2 

Figu re 18: Numbe r of WBC Cys tine Le vels ≥1 nmol ½ cystine /mg protein 
in Patie nts ≤6 Ye ars O l d by Adju s t e d S t u dy Vi s i t 

(Source: Reviewer’s figure using Applicant’s Analysis Datasets, NDA 203389, Module 5.3.5.2) 

In RP 103-03, 2 patients (Subject 02104 and Subject 08002) had baseline WBC cystine levels ≥1 
nmol ½ cystine/mg protein—1.22 and 1.01 nmol ½ cystine/mg protein, respectively. These 
levels represent the last levels obtained on Cystagon treatment prior to initiation of P rocysbi 
treatment at a daily dose equal to ~70% of their previous Cystagon daily dose Both Subject 
02104 and 08002 had a disproportionate number of WBC cystine assessments ≥1 nmol ½ 
cystine/mg protein (9 and 7 assessments, respectively) during RP 103-04 (Figure 19), despite the 
mild degree of WBC cystine elevation above the maximum target level, providing additional 
evidence, though anecdotal, of the fragile nature of disease control in nephropathic cystinosis. 
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Figure 19: WBC Cystine Level and Procysbi Dose for Subje cts 02104 and 08002 

( Source: Reviewer’s figure using Applicant’s Analysis Datasets, NDA 203389, Module 5.3.5.2) 

According to analyses by the Pharmacometrics Reviewer, the average P rocysbi doses required to 
achieve WBC cystine level similar to levels achieved with Cystagon (horizontal line with y-
value 1) are >91% of previous daily Cystagon doses (Figure 20). 

Figure 20: Procysbi Dose s Re lative to Cystagon Doses Needed to Achieve the Same WBC cys tine 
Conce ntration Achieved on Cystagon 

(Source: Pharmacometrics reviewer’s Figu re 4, Clinical Ph armacology Review d ated June 29, 20 15) 
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In addition, the mean P rocysbi daily dose (corrected for BSA) that achieved WBC cystine levels 
<1 nmol ½ cystine/mg protein (i.e., the mean of all P rocysbi doses corresponding to WBC 
cystine levels) for the entire RP 103-04 population is 1234 (±326) mg/m2/day vs. 1046 (±354) 
mg/m2/day (Figure 21), corresponding to the recommended starting maintenance dose in the 
prescribing information.  Because poor disease control in patients with nephropathic cystinosis, 
even for brief periods, can lead to irreversible tissue damage [33], selection of adequate doses 
which maintain sustained intracellular cystine depletion is critical. Thus, in the absence of safety 
concerns, recommended doses should be selected based on the doses demonstrated to achieve 
desirable WBC cystine levels in most patients. 

Figure 21: Comparison of Patie nts’ Procysbi Daily Doses (Corre cted for Body Surface Are a) 
Administe re d at the time of WBC Cys tine Le vels  <1 vs . ≥1 nmol ½ cystine/mg protein 

(Source: Reviewer’s figure using Applicant’s Analysis Datasets, NDA 203389, Module 5.3.5.2) 

Reference ID: 3806243 

(b) (4)
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and the meaningfulness of subjective data cannot be determined in the absence of a control 
group. Therefore, these data were reviewed to ensure consistency with efficacy data, but did not 
contribute to overall efficacy determinations. 

Table 16: Change in Pe ds QL 4. 0 Ge neric Core Scales from Bas eline 
(Maximum Score 100 for Total Score and for All Individual Ite m Scores) 

Phys ical Emotional Social School Total 
RP103-04 PATIENTS 

Monthly 1 0. 9 5.2* 4.6 5. 1* 3.5* 
Monthly 6 0. 2 1.1 2.7 5.6* 2.1 
Quar ter ly 2 2. 7 3.9* 3.6 8. 7* 4.4 
Quar ter ly 4 4. 3 1.7 3.9 6. 3* 3.8* 
Quar ter ly 6 2. 0 0.1 2.4 4. 8* 2.4 

PAT IENT S ≤ 6 YEARS OLD 
Monthly 3 8. 4 0.6 -0.4 1. 2 3 
Monthly 6 7. 7 14.2 -0.4 1. 0 5.7 
Quar ter ly 2 2. 7 5.8 -7.4 4. 1 0 
Quar ter ly 4† 10.5 8.8 1.3 12.5 7.8 

( S o u rce: Reviewer’s t a ble u si ng Ap pl icant ’s An al ysis Da t asets, NDA 2 0 33 89, Mo dul e 5 .3.5 .2)
*p- v alu e <0.5 
† On ly 8/12 p atien ts comp leted th is assessment 

Es timate d Glome rular Filtration Rate (e GFR) 

Overall, mean estimated glomerular filtration rate (eGFR) for RP103-03 patients and patients ≤6 
years old remained unchanged during RP 103-04. For the 5 transplant patients with available 
data, mean eGFR decreased but interpatient results were highly variable, likely due to episodes 
of acute rejection unlikely related to Procysbi treatment (Figure 23). 
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Figure 23: Change in Estimate d Glome rular Filtration Rate (eGFR) for RP103-04 Patie nt 
Subgroups 

(Source: Reviewer’s figure using Applicant’s Analysis Datasets, NDA 203389, Module 5.3.5.2) 

Baseline eGFR was more variable in the RP103-03 group, which included 3 patients with eGFR 
<30 mL/min/1.73 m2 (Subjects 03004, 07004, 02010). Due to the advanced degree of renal 
damage, declining renal function would be expected in patients with low baseline eGFR, 
regardless of WBC cystine level. The RP 103-03 patient group included a greater percentage of 
patients with baseline eGFR near 30 mL/min/1.73m2 . 
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Figure 24: Base line Estimated Glome rular Filtration Rate 

( Source: Reviewer’s figure using Applicant’s Analysis Datasets, NDA 203389, Module 5.3.5.2) 

Several episodes of transient creatinine elevations occurred during RP 103-04, typically 
associated with dehydration.  This would be expected in a patient population with uncontrolled 
renal fluid and electrolyte losses and variable degree of underlying renal insufficiency. 

Figure 25: Evolution of e GFR (mL/min/1.73 m2) for RP103-04 Patient Subgroups 

BEST 
AVAILABLE 

COPY

( Source: Applicant’s Figure 7, “Evo lu ti on o f eGFR ( mL/ mi n/ 1.7 3 m2) o ver Time ( Collected Visits)”, RP103-0 4 
Interim Cli ni ca l S t ud y Rep ort p a ge 9 4/ 201 , N DA 2 03 389, Mo d ule 5 .3 .5.2) 
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For the patients ≤6 years old, most patients demonstrated relatively preserved renal function over 
time (Figure 26).  For Subject 02016, who was 6 years of age at enrollment with a baseline eGFR 
30.2 mL/min/1.73m2 , the increase in serum creatinine from 1.30 to 1.80, equivalent to a 38% in 
renal function, would not be an unexpected decline in this patient. 

Figure 26: Change in Serum Creatinine for Patie nts ≤6 Ye ars Old (n=13) 

( Source: Reviewer’s figure using Applicant’s Analysis Datasets, NDA 203389, Module 5.3.5.2) 

For the RP 103-03 patients, 6 patients were identified whose decline in renal function appeared 
greater than expected based on their baseline eGFR. 

Table 17: Patie nts with >50% De cline in Re nal Function be twe en Baseline and Last Available 
Se rum Cre atinine Me as ure ments (n=6) 

Patie nt Age (yrs) Se rum Cre atinine (mg/dL) Fold change Inte rval 
(months)Baseline Last available 

03002 15. 3 1.60 3.40 2. 13 31.6 
03101 9. 4 0.40 1.10 2. 77 26.8 
06003 11. 5 1.41 3.65 2. 58 26.9 
07002 19. 0 1.64 4.07 2. 48 27.0 
08002 14. 1 0.74 1.87 2. 54 30.8 
09001* 15. 5 1.07 5.14 4. 78 20.2 

( S o urce: Reviewer’s ta ble using Ap pl icant ’s An al ysis Da t asets, NDA 2 0 33 89, Mo dul e 5 .3.5 .2)
*Patient withdrawn from the clinical trial due to the decline in renal function 

In addition to the patients listed in Table 17, one of the RP 103-03 patients with baseline eGFR 
<30ml/min/1. 73 m2 (Subject 03004) progressed to end stage renal disease during RP 103-04 and 
underwent renal transplantation during study participation. Of note, this patient subsequently 
developed acute renal allograft rejection. This patient’s serum creatinine levels during RP 103-04 
are displayed in Figure 27. 
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and differences in response in the younger patient subgroup are due to suboptimal dosing rather 
than differences in baseline disease characteristics. 

Figure 28: Procysbi Dose (Corre cted for Body Surface Are a) vs. Exposure (Plasma Cysteamine Le vel): 
Comparison of Patie nt Subgroups 

(Source: Reviewer’s figure using Applicant’s Analysis Datasets, NDA 203389, Module 5.3.5.2) 
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assessments. Verbatim terms of adverse events (AEs) were coded by the Applicant using 
MedDRA System/Organ/Class (SOC) and Preferred Term (P T) designations. 

A treatment emergent adverse event (TEAE) was defined as an AE that is reported after a dose 
of study drug. 

A serious adverse event (SAE) was defined as any untoward medical occurrence that at any 
dose: 
 Results in death; 
 Is life threatening (life threatening refers to an event in which the subject is at immediate 

risk of death at the time of the event; it does not refer to an event that hypothetically 
might have caused death if it was more severe); 

 Requires inpatient hospitalizat ion or prolongation of an existing hospitalizat io n; 
 Results in persistent or significant disabilit y or incapacity; 
 Is a congenital anomaly or birth defect; or 
 Is medically significant , and though not included in the above list, is an important 

medical event that may jeopardize the subject or require medical intervention to prevent 
one of the outcomes listed above. 

Discontinuation of study drug or conducting additional diagnostic evaluations, does not, by 
themselves, satisfy the criterion for a medically significant event. 

AEs were also categorized based on the following assessments by the Investigator: 
•	 Severity- grading categorized according to the Common Terminology Criteria for 

Adverse Events (CTCAE), Version 3.0 [Cancer Therapy Evaluation P rogram, 2003] 
•	 Treatment-emergent (yes/no): AE that emerged during treatment in study RP 103-04, 

having been absent pretreatment, or worsened relative to the pretreatment state 
•	 Causality: based on associative connections (time or place), pharmacological
 

explanations, previous knowledge of the drug, presence of characteristic clinical or
 
pathological phenomena, exclusion of other causes, and absence of alternative 

explanations, with the following classifications:
 

o Not related: Time relationship with Study drug administration is nonexistent or 
other factors, certain or probable, to have been causative 

o Unlikely : Time relationship with Study drug administration is doubtful or other 
factors, certain or probable, to have been causative. 

o P ossible: Time relationship with Study drug administratio n may exist. Other 
possible causative factors may exist (e.g., concurrent disease or concomitant 
medication). Improvements on rechallenge or dose reduction (if performed) may 
or may not have been seen. 

o P robable: Time relationship with Study drug administration likely exists. No other 
possible causative factors may exist (not reasonably explained by the subject’s 
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7.2.2 Exploratio ns for Dose Re sponse 

Because P rocysbi dosing in RP 103-04 lacked both fixed dosing and randomization of patients to 
dose groups, no formal assessments for dose-related safety were performed. The frequency of 
dose changes (total 115 dose changes for the 59 clinical trial patients) points and lack of 
standardized dosing periods precluded comparisons of safety data with both medication dose and 
exposure. Therefore, any relationships identified between medication doses (absolute dose 
and/or change in dose) and adverse reactions are anecdotal.  In the case narratives throughout 
Section 7.3, dose changes with a temporal relationship to the onset/exacerbation/allev iat ion of 
adverse reactions are described, but conclusions based on these subjective data are limited. 

7.2.3 Spe cial Animal and/or In Vitro Te s ting 

None 

7.2.4 Routine Clinical Te s ting 

RP 103-04 safety assessments were performed at all Study Visits and consisted of the following : 

 Adverse events 
 Concomitant medications review 

o Separate analyses of the use of gastric acid reducing (GAR) medications 
 Vital signs/physical examination 
 Laboratory studies (hematology, chemistry, urinalysis) 
 Electrocardiogram (ECG) 

7.2.5 M e tabolic, Cle arance , and Inte raction Workup 

No new studies of P rocysbi metabolism and clearance were conducted for this review. 

During this review cycle, consideration was given to the effects of medications, foods, and 
beverages which alter gastric pH on the pharmacokinetics and effectiveness on P rocysbi. Only 1 
drug interaction study, RP 103-HLTA 009, a bioequivale nce study comparing P rocysbi 
pharmacokinetics with and without concomitant proton pump inhibitor administration, was 
reviewed by the Dr. Insook Kim, Clinical P harmacology reviewer (see review dated June 29, 
2015) 

7.2.6 Evaluation for Pote ntial Adve rs e Eve nts for Similar Drugs in Drug Class 

The routine safety assessments in RP 103-04 were adequate to evaluate for adverse events 
associated with cysteamine administration.  Safety analyses for these adverse reactions are 
discussed in Section 7.3.5 (Submission-Specif ic Primary Safety Concerns) 
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Table 19: Se rious Adve rse Events in RP103-04 
(Adve rs e Re actions are I ndicated by Boxe s around Pre fe rred Te rms ) 

BEST 
AVAILABLE 

COPY

(continued on next page) 
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Table 19 (continued) BEST AVAILABLE 
COPY

(Source: Adapted from Applicant’s Table 53, “Summary of SAEs (Safety Population)”, RP103-04 Interim Clinical
Study Report page 176/201, NDA 203389, Module 5.3.5.2) 
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Narrative s of Se rious Adve rs e Reactions (n=6) 

•	 Subject 02010- Vomiting: 13-year-old male hospitalize d for nausea, vomiting , and 
diarrhea, resulting in dehydration and hypokalemia.  In addition to intravenous hydration, 
the patient’s dose of omeprazole was increased. 

This event was considered by the Investigator to be possibly related to Procysbi treatment 
and is consistent with the k nown effects of cysteamine. Seven gastrointestinal AEs were 
reported for this patient—vomiting (n=3), gastroenteritis (n=2), decreased appetite (n=1), 
diarrhea (n=1). No Procysbi dose reductions were performed. 

•	 Subject 02011- Constipation : 12 year-old female subject (hospitalized for evaluation and 
treatment of severe abdominal pain of one-month duration. “Dark specks” were noted in 
gastrostomy tube secretions. The subject underwent a complete bowel cleanout and 
omeprazole was added to her regimen. 

This event was considered by the Investigator to be possibly related to Procysbi treatment, 
and constipation has been reported as one of the gastrointestinal effects associated with 
cysteamine. One additional constipation event was reported for this patient. Other 
gastrointestinal events with plausible relationship to study drug were abdominal pain 
(intermittent and not recovered/resolved) and vomiting. Procysbi dose remained 
unchanged. 

•	 Subject 02109- Vomiting: 7 year-old male hospitalized due to emesis resulting in 

dehydration.
 

This episode of vomiting was considered by the Investigator to be possibly related to 
Procysbi treatment. (See below) 

•	 Subject 02109- Gastroenteritis: 9 year-old male hospitalize d for dehydration due to 

vomiting (unresponsive to ondansetron) and diarrhea.
 

This event was considered by the Investigator to be possibly related to Procysbi treatment.  
Although this event may be consistent with an acquired infectious gastroenteritis, this 
patient experienced several other gastrointestinal adverse events during RP103-04— 
vomiting (n=7) and diarrhea (n=2). The patient’s daily dose was increased from 1100 
mg/day (1375 mg/m2/day) to 1650 mg/day (1833 mg/m2/day), exceeding the previous 
Cystagon daily dose of 1600 mg/day. Most of the gastrointestinal events were reported 
while the patient was receiving the highest dose of Procysbi. In addition, the patient 
experienced 2 months of intermittent fatigue following the increase to this dose. 

•	 Subject 06006- Chronic Diarrhea: 11 year-old Caucasian male hospitalized due to chronic 
diarrhea of 2-3 weeks duration.  The patient was experiencing 7 to 10 loose, watery, non-
bloody bowel movements per day. No changes to Procysbi treatment were made. 

This event was considered by the Investigator to be possibly related to Procysbi treatment, 
although the patient’s diarrhea reportedly improved following discontinuation of the oral 
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find reports of similar reactions to cysteamine. Nevertheless, this event is lik ely related to 
Procysbi treatment, based on the timing of onset of symptoms, association with high 
Procysbi daily dose relative to previous Cystagon daily dose, and resolution of symptoms 
with discontinuation of Procysbi. 

7.3.4 Significant Adve rs e Eve nts 

The only unexpected adverse reaction in RP 103-04 was the case of renal failure in Subject 
09001. This event is reviewed in Sections 7.3.2 and 7.3.3. 

Two life-threatening adverse events and 31 severe adverse events were reported in 15 patients. 
Four of these events occurred in 3 patients ≤6 years old (neither of them life-threatening) , and 
none of them have a causal relationship to P rocysbi. For 7 of the older patients, 12 events (9 
unique events) had a causal relationship with P rocysbi treatment. It is unclear whether the 
overall lower severity of adverse reactions in patients ≤6 years old is due to their lower mean 
daily P rocysbi doses compare to RP 103-03 patients or an age-related effect. 

Narratives for notable adverse reactions can be found in either Section 7.3.2 (Nonfatal Serious 
Adverse Events) or 7.3.5 (Submission-Spec if ic Primary Safety Concerns). 

7.3.5 Submis s ion-S pe cific Prima ry Safe ty Conce rns 

This section reviews (1) the adverse reactions from RP 103-04 that are relevant to the Warnings 
and P recautions in the current P rocysbi product labeling and (2) concomitant medications to 
address P rocysbi-related adverse effects, particularly gastrointestinal medications (e.g., gastric 
acid reducing (GAR) medications, antiemetics). 

The current prescribing information for both P rocysbi and Cystagon includes the following 
warnings/precautions: 

•	 Gastrointestinal ulcers and bleeding 
•	 Central nervous system symptoms: seizures, lethargy, somnolence, depression, and 

encephalopathy 
•	 Severe skin rashes such as erythema multiforme bullosa or toxic epidermal necrolysis 
•	 Ehlers-Danlos-like syndrome with skin and bone lesions that resemble clinical findings 

of Ehlers-Danlos syndrome, including include molluscoid pseudotumors (purplish 
hemorrhagic lesions), skin striae, bone lesions (including osteopenia, compression 
fractures, scoliosis and genu valgum), leg pain, and joint hyperextension 

•	 P seudotumor cerebri 
•	 Neutropenia 
•	 Elevated transaminases 
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Although disease-related neurologic manifestations are recognized sequelae of long-standing 
nephropathic cystinosis [41], CNS reactions have also been reported as a treatment-related 
complication.[ 45-47] Symptoms of encephalopathy, such as confusion, memory difficult ies, 
psychiatric manifestations, and lethargy, as well as gait disturbances, muscle weakness, tremor, 
attention difficult ies have been reported as both disease-related and treatment-related effects. 
However, events attributed to cysteamine use typically have a more rapid onset, resolve or 
improve with cysteamine dose reduction/discont inuat ion , occur in patients of all ages, and are 
less likely to be associated with radiologic abnormalities.[46] They are also more likely to occur 
during treatment initiation , with the use of high doses, and during rapid dose escalation. On the 
other hand, the encephalopathy of nephropathic cystinosis is generally a late complication with 
an insidious onset of irreversible gross neurological abnormalities after the second decade of life. 
[20] 

In the original cysteamine clinical trials, a dose-related encephalopathy was described.  Although 
the possibilit y of cystinosis-related CNS effects was considered, the NDA clinical review for 
Cystagon reports that CNS adverse reactions (seizure, memory loss, nightmares, depression, 
jitteriness, nervousness, and hallucinations) occurred with higher dosages, were reversible with 
treatment discontinuat ion , and often did not recur upon resumption of treatment at a lower 
cysteamine dose. [FDA Action P ackage for NDA 20392, clinical reviews by Lilia Talarico, MD 
and Robert J. Temple, MD] 

Between 2004 and 2014, at least 10 cases of CNS events attributed to Cystagon, occurring in 
patients aged 5 to 30 years old, were reported through the FDA Adverse Event Reporting System 
(FAERS). Reported symptoms included amnesia, encephalopathy, convulsion/epileps y, cerebral 
ischemia, gait disturbance, confusion, asthenia, abnormal behavior, weakness, tremor, dementia, 
depression, attention disturbance, memory impairment, emotional disorder, hallucinat ion, and 
nervousness. Some case reports were reviewed in detail, while others were identified using a 
publicly-ava ilable database which collates de-identified FAERS data obtained from quarterly 
FAERS reports (www.pharmapendium.com). Because a formal review of all complete FAERS 
reports was not performed, this information cannot be used to make independent conclusions 
regarding the neurologic effects of cysteamine bitartrate. Since most published reports of CNS 
reactions with cysteamine pre-date the approval of Cystagon and occurred in patients treated 
with unapproved cysteamine formulations and/or doses, this reviewer used this information to 
complement literature search results by providing evidence of recent CNS reactions in patients 
treated with cysteamine bitartrate. It is important to note that although medications doses were 
reported inconsistently , among these cases were patients who were reported as receiving doses 
within the recommended range. 

Although serious CNS reactions have not been reported during P rocysbi clinical trials or in the 
post-marketing period, CNS symptoms comprised the second most common group of adverse 
reactions in RP 103-04. CNS symptoms which have been attributed to P rocysbi treatment 
include headaches, dizziness, and  Other CNS reactions from RP 103-04 considered by 
this reviewer to be reasonably likely to be due to or exacerbated by P rocysbi include lethargy, 
forgetfulness, depression, and These events are consistent with the current warnings (b) (4)

(b) (4)
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in the prescribing information. 

As discussed in 7.2.1 Overall Exposure at Appropriate Doses/Durations and Demographics of 
Target P opulations), the doses evaluated in P rocysbi clinical trials were frequently lower than 
recommended doses. In addition, no P rocysbi safety data are available for cysteamine-naïve 
patients.  Because these events may be more likely to occur during treatment initiation , the safety 
profile of P rocysbi is incomplete without data in this patient population.  However, as a drug 
approved under the 505(b)(2) regulatory pathway, safety data from its listed drug can be relied 
upon to make up for these inadequacies, and the label needs to include the same safety 
information as the listed drug. 

Based on review of the available data, this reviewer considers the safety profile of P rocysbi to be 
similar to that of other cysteamine formulations. 

O the r Adv e rs e Reactions 
Dermatological reactions are shown in Table 25. Consistent with the known side effect profile 
of cysteamine, abnormal skin/sweat/body odor was the most common of skin-related adverse 
reactions. Rashes which this reviewer considered reasonably likely to be due to P rocysbi also 
occurred in >10% of patients. Although none of these rashes could be categorized as any of the 
severe skin reactions which are included in the labelled warning (i.e., erythema multiforme 
bullosa and toxic epidermal necrolysis), urticarial rashes are suggestive of hypersensitivit y 
reactions, which have been described as a significant adverse reactions to P rocysbi and other 
cysteamine formulations. 

Also notable is the report of “excess skin development”, occurring in Subject 09003 (RP 103-03 
patient).  This likely represents an Ehlers-Danlos-like reaction, a labelled warning not previously 
reported in patients treated with P rocysbi. The outcome of the event was not recorded at the time 
of the data cutoff for the Interim CSR. This event was reported in a 23-year-old male with a 
history of a molluscoid pseudotumor on the left elbow since May 2010. Molluscoid 
pseudotumors or angioendotheliomat os is, specifically on the elbows, represent a recognized 
Ehlers-Danlos-like manifestation in cysteamine-treated patients due to direct cysteamine effects 
on collagen cross-linking and stimulation of human dermal microvascular cell 
survival/pro liferation.[ 45 ,53] In this patient, the onset of the molluscoid pseudotumor pre-dated 
P rocysbi treatment; however, the patient had been treated with Cystagon since his diagnosis of 
nephropathic cystinosis at 1 year of age.  Lower extremity pain was also reported among this 
patient’s adverse events.  Because musculoskeletal pain is a common disease-related 
manifestation, none of these events were classified as treatment-related. However, lower 
extremity pain is also listed among the Ehlers-Danlos-like symptoms in the label. 
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insufficiency); chronic comorbid conditions, includin g medications for these comorbid 
conditions (e.g., kidney transplant, renal allograft rejection); and acute comorbid events (e.g., 
viral gastroenteritis, appendicitis). In the opinion of this reviewer, this includes all of the 
abnormal hematology and urinalysis study results. 

Similarly , the majority of blood chemistry abnormalities also have a likely etiology other than 
P rocysbi toxicity.  In some cases, blood chemistry abnormalities were secondary to P rocysbi 
adverse reactions, such as vomiting leading to dehydration with associated laboratory 
abnormalities such as blood urea nitrogen, serum creatinine, serum bicarbonate, and serum 
electrolytes. However, these abnormalities are not direct effects of Procysbi treatment (i.e., 
nephrotoxicity).  Only a few laboratory abnormalities were considered by this reviewer to be 
reasonably likely to represent adverse reactions to Procysbi treatment. Table 28 shows the blood 
chemistry abnormalities which the Applicant categorized as TEAEs. 

Table 28: Blood Che mistry Abnormalities Reporte d as Tre atment-Emergent Adve rse Eve nts 
(TEAEs ) in RP103-04 

( Source: Adapted from Applicant’s Table 55, “Blood Chemistry Abnormalities Reported as TEAEs ( Safety
Population)”, RP103-04 In t erim Cl i nical S t udy Repo rt p a ge 1 81/ 201, NDA 2 0 3 389, Mo d ule 5 .3 .5.2) 

Of the events listed in Table 28, only the increased serum creatinine in Subject 09001 is 
considered by this reviewer to represent a P rocysbi adverse reaction.  Although reported as a 

95 

Reference ID: 3806243 





 
  

  
 

 

 

   
 

 
 

  
 

 

    

 

     
  

Clinical Review 
Lauren Weintraub, MD 
Supplemental NDA 203389/ (b) (4) S-10 
P rocysbi (delayed-release cysteamine bitartrate capsules) 

Figure 31: Se rum Trans aminas e levels by Adjus te d Study Vis it with Corre sponding WBC Cys tine 
Le ve ls and Procysbi Daily Dose 

(Source: Reviewer’s figure using Applicant’s Analysis Datasets, NDA 203389, Module 5.3.5.2) 
A b breviations: A LT, alanin e amin o transferase; A ST, asp artate amino transferase;


Bas e, bas elin e; BSA , b o dy s urface area
 

7.4.3 Vital Signs 

No clinically significant vital sign abnormalities were noted during this review. 

7.4.4 Ele ctrocardiog ra ms (ECGs ) 

Electrocardiogram (ECG) abnormalities were reported for 5 patients in Study RP 103-04 (Table 
29). 
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Table 29: Ele ctrocardiogram (ECG) Abnormalitie s in RP103-04 

( S o u rce: Ap pl icant ’s Ta bl e 5 6, “S u mmary o f Cl i nically S i gni fican t ECG Eva lua ti ons ( Sa fety Po pul ati on) ”, RP10 3­
04 In t eri m Cl ini cal S t udy Repo rt p ag e 1 8 3/ 201, NDA 2 0 3 389, Mo du le 5 .3.5 .2) 

P er protocol, all Study Visits included an ECG. Based on the information presented in Table 29, 
only Subject 03007 (RP 103-03 patient) had a finding which may be persistent (the Quarterly 5 
visit was Subject 03007’s last Study Visit prior to data cutoff), and the nature of this patient’s 
ECG abnormalities are unlikely to be due to P rocysbi treatment. Right or left ventricular 
hypertrophy was common to all 5 subjects who have developed clinically significant ECG 
abnormalities, which is consistent with the assessment that these abnormalities are likely not 
treatment related. 

7.4.5 Spe cial Safe ty Studie s /Clinical Trials 

None 

7.4.6 Immunoge nicity 

Not applicable. 

7.5 Othe r Safe ty Exploratio ns 

None 

7.5.1 Dose Dependency for Adverse Events 

The absence of standardized dosing procedures preclude formal dose-related safety analyses. 
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7.5.2 Time Dependency for Advers e Events 

In the scatterplot of adverse reactions by RP 103-04 study day of onset (Figure 32), adverse 
reactions appear to be well distributed across study time points. No time-dependency pattern can 
be determined, particularly when taking into consideration the withdrawal of 2 patients with 
recurrent adverse reactions, the variabilit y in patient enrollment date, and the initiation of 
medications to treat gastrointestinal side effects. 

Figure 32: Scatte rplot of Adve rse Reactions by Time of Onset (Study Day) 

(Source: Reviewer’s figure using Applicant’s Analysis Datasets, NDA 203389, Module 5.3.5.2) 

7.5.3 Drug-De mogra phic Inte ractions 

Not assessed 

7.5.4 Drug-Dise ase Inte ractions 

Not assessed 

7.5.5 Drug-Drug Inte ractions 

None evaluated. 

7.6 Additional Safe ty Evaluations 

None 
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7.6.1 Human Carcinoge ni cit y 

Not assessed 

7.6.2 Human R e productio n and Pre gnancy D ata 

Not assessed 

7.6.3 Pe diatrics and As s e s s me nt of Effe cts on Gro wth 

No adverse effects on growth were observed during P rocysbi treatment, though assessments are 
confounded by the concomitant use of growth hormone in 37% (20/54) of the pediatric clinical 
trial patients. Although not pre-specified as a clinical trial endpoint, analyses of the evolution of 
growth (Z-score) during study participation were included among the efficacy assessments in the 
RP 103-04 Interim CSR. The reader is referred to Section 6.1.6 (Other Endpoints) for a summary 
of these data. 

7.6.4 Ove rdos e , D rug Abus e Pote ntial, Withdra wa l and R e bound 

There has been 1 postmarketing report of accidental overdose with this medication—the patient 
took twice the prescribed dose and experience nausea and vomiting without sequelae. This 
product has a low potential for drug abuse. This drug is not associated with withdrawal or 
rebound effects. 

7.7 Addition al Submis s ions / Safe ty Is s ue s 

None 

8 Post marke t ing Ex pe rie nc e 

All 15-day expedited reports from FAERS (FDA Adverse Event Reporting System) between 
July 2013 and August 2015 submitted under NDA 203389 and P rocysbi P eriodic Adverse Drug 
Experience Reports covering the period of July 2013 to April 2015 were reviewed. 

Most reported events are consistent with known adverse reactions to P rocysbi.  Gastrointestinal 
symptoms consistently representing the most commonly reported events. Other more frequently 
reported events include worsening of skin odor, fatigue, skin rashes, and headaches. 

Among the unexpected events, the following groups of events were considered notable by this 
reviewer. Cases with other clear etiology were excluded. Because of the nature of post-marketing 
reports, the number of unique cases is difficult to establish. 
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•	 Musculoskeletal pain: includes the verbatim terms of bone pain, arthralgia, joint pain, 
musculoskeletal pain, pain in extremity, jaw pain, back pain, hip pain knee pain, sore
legs, myalgia 
These were notable due to the relatively high frequency of these reports with onset 
following initiation of Procysbi.  Similar symptoms were common during RP103-04, but 
none of these adverse events were considered to be related to Procysbi treatment, with 
the exception of one case of recurrent generalized acute pain syndrome.  Musculoskeletal 
pain is common in patients with nephropathic cystinosis due to electrolyte and bone 
effects of the underlying disease. Therefore, despite the temporal relationship of these 
events with Procysbi treatment, it is not possible to establish a relationship between these 
events and Procysbi. 

•	 Neuropsychiatric and neuromuscular symptoms: psychosis, depressed mood, moodiness, 
depression, anger, irritability , aggression, restlessness, insomnia, blurry vision, dysgeusia, 
dysstasia, disorientation, behavior changes, somnolence, cerebrovascular accident, 
unilateral blindness, nerve pain, numbness, muscle twitching, muscle spasms, muscle 
weakness 
These events are consistent with the warnings/precautions of cysteamine bitartrate 
including in the product labeling. In addition, long-standing nephropathic cystinosis is 
associated with the development of central nervous system and myopathic symptoms. 
Distinguishing between disease-related and treatment-related effects in these patients is 
challenging.  However the temporal relationship of these events with initiation or dose 
escalation of Procysbi is suggestive of drug toxicity risks and indicates that the risk
profile of Procysbi is similar to other cysteamine formulations. 

•	 Renal impairment/disease: increased creatinine, kidney transplant performed,
 
advancement/progression of disease, toxic nephropathy
 

Several reports of renal failure (without concomitant dehydration) or transplant 
occurring following Procysbi initiation were submitted, but patients all had pre-existing 
chronic renal failure. Therefore, the contribution of Procysbi to the deterioration in renal 
function cannot be determined. 
Gastrostomy tube occlusion 
Comment: At least 17 cases of gastrostomy tube complications due to Procysbi 
administration were submitted. This emphasizes the importance of reviewing the 
administration procedures for patients receiving Procysbi via gastrostomy tube. 

The following 7 narratives represent cases of serious, unexpected events which were reviewed in 
detail by this reviewer: 

•	 Death due to progression of melanoma: patient’s melanoma was diagnosed before
 
initiation of P rocysbi, but fatal progression occurred after starting P rocysbi
 
Comment: This reviewer concurs with the Applicant’s assessment that it is unlik ely that 
Procysbi contributed to the fatal progression of the malignant melanoma. However, the 
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temporal relationship between Procysbi and the progression of melanoma was noted. 

•	 Worsening of pre-existing muscle weakness: report by parent of a 22-year-old male with 
worsening of underlying muscle weakness after switching from Cystagon to P rocysbi; 
new bi-pap requirement; P rocysbi dose at the time of report was 3300 mg/day (1250 mg 
every 12 hours), and prior Cystagon dose was 2400mg/day (600 mg every 6 hours) 
Comment: Myopathy is a known complication of nephropathic cystinosis, but the 
association of symptom worsening with increased doses of cysteamine bitartrate is 
concerning suggests a possible causal role of Procysbi in this patient’s exacerbation of 
symptoms. 

•	 Dysstasia (inability to stand) and disorientation: report by the husband of a 32-year-old 
female patient who experienced a 45-second episode of dysstasia and disorientation 
following dose escalation of P rocysbi, 1 month after switching from Cystagon to 
P rocysbi; 4 hours after her morning P rocysbi dose (daily dose 1800mg/day, 900 mg every 
12 hours), the patient fell, experienced loss feeling in her legs, and muscle twitching.  
The event resolved and on follow-up inquiry, no additional neurological symptoms 
occurred.  Medical history included renal transplantation 13 years ago, hypothyroid ism.  
Treatment with P rocysbi was continued. 
Disease-related neurologic abnormalities are associated with long-standing 
nephropathic cystinosis.  However, the association of this event with the initiation of 
Procysbi and the timing of this event corresponding to the Tmax of Procysbi, suggest athat 
this represents a treatment-related event. 

•	 Strokes/broken bones: report from male patient (age unknown, was attending college) 
who experienced two strokes and multiple broken bones after starting P rocysbi; dose and 
indication, medical history and concomitant medications not reported; outcome is 
unknown as the patient refused to provide follow-up 
Insufficient information was provided to assess this event, but bone lesions and strokes 
(due to proliferative vascular changes) have both been reported as part of the Ehlers­
Danlos-lik e syndrome associated with cysteamine treatment. In addition, the suggested 
temporal relationship of these events with Procysbi raises concerns.  However, the 
paucity of information provided precludes any assessments. 

•	 P sychotic episode: report from the father of a 9-year-old female patient who was 
hospitalized due to a psychotic episode approximately one month after starting P rocysbi 
for nephropathic cystinosis; the patient was diagnosed with autism with aggression a few 
months prior to this episode, but the father reported that the patient’s behavior became 
moodier, angrier, more irritable, and “not quite herself” after starting P rocysbi, and began 
having behavioral issues and psychotic episodes at school. Concurrent medications were 
not reported. At the time of reporting, P rocysbi was discontinued , but the case outcome 
is unknown. 
The patient’s pre-existing condition of autism with aggression suggests an etiology other 
than Procysbi. However, the worsening of symptoms, including new onset of psychotic 
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episodes and school behavioral problems, corresponding with the initiation of Procysbi,
makes a drug-related effect plausible. 

•	 Unilateral blindness: report by a 24-year-old male patient who developed complete 
blindness in the left eye and “unspecified problems” in the right eye associated with eye 
pain and increased intraocular pressure approximately 9 months after starting P rocysbi. 
Symptoms began during dose titration. Initial P rocysbi dosage was 375 mg twice daily, 
and symptoms began 5 months later (dose was 600 mg twice daily).  Dosage was 675 mg 
twice daily at the time of the report. The patient also reported symptoms of drowsiness, 
stomach cramps, nerve pain, dry mouth, and numbness in right foot, arm and hand. The 
patient was receiving peritoneal dialysis. No concomitant meds reported. Therapy with 
P ROCYSBI® was ongoing. 
This reviewer concurs with the Applicant’s assessment that a diagnosis of benign 
intracranial hypertension cannot be excluded. While there have been reports of benign 
intracranial hypertension in patients with cystinosis treated with immediate-release 
cysteamine bitartrate, this would represent the first report in a Procysbi-treated patient. 
Benign intracranial hypertension is listed among the warnings/precautions in the 
Procysbi and Cystagon prescribing information. However, a causal relationship between 
cysteamine and benign intracranial hypertension has not been established, and may 
represent a disease-related complication (proposed mechanism of chronic meningeal 
cystine crystal deposition).[54] Nevertheless, a causal relationship with Procysbi cannot 
be ruled out because onset of this event was coincident with the initiation of treatment 
and dose escalation of Procysbi. 

•	 Membranous nephropathy: report from a health care professional regarding a pediatric 
patient of unknown age and gender (but specified as a child) who experienced 
membranous nephropathy while receiving P rocysbi at an unknown dose and for an 
unknown indication. No medical history or concomitant medications were reported. P ast 
medications included Cystagon. The overall outcome of the case and action taken with 
P rocysbi was unknown. 
As noted by the Applicant, there have been no previous reports of glomerulonephritis or 
nephrotic syndrome with Procysbi and is a recognized risk of cysteamine treatment, but a 
causal relationship between Procysbi treatment and this case of membranous 
nephropathy cannot be ruled out. Of note, penicillamine, another thiol agent with 
structural similarities to cysteamine, is recognized as a cause of glomerulopathies 
including membranous nephropathy.[55-57] 

After careful review of postmarketing reports, the reviewer considers this information supportive 
of the overall conclusion that the safety profile of P rocysbi is similar to other cysteamine 
products and is consistent with the updated safety information in the product labeling. Although 
postmarketing reports of renal events have been submitted for both P rocysbi and Cystagon, there 
is insufficient information to establish a relationship between these events and cysteamine 
treatment due to the advanced nature of the underlying renal disease and/or presence of 
comorbidit ies includin g transplant rejection or transplant immunosuppress ion, which preclude 

103
 

Reference ID: 3806243 









 
  

  
 

 

 

   
 

  
 

      

      
 

     
  

 

    
 

  
   

  

 
 

 
   

        
  

 

    

     
   

 

      
    

Clinical Review 
Lauren Weintraub, MD 
Supplemental NDA 203389/ (b) (4) S-10 
P rocysbi (delayed-release cysteamine bitartrate capsules) 

39. Theodoropoulos DS, Krasnew ic h D, Kais er-Kupfer MI, Gahl WA (1993) Classic nephropathic 
c ystinosis as an adult disease. JAMA 270:2200–2204 

40. Coc hat P, Drac hman R, Gagnadoux MF, Pariente D, Broyer M. Cerebral atrophy and nephropathic 
c ystinosis. Arc h Dis Child. 1986;61(4):401-3. 

41. Fink JK, Brouw ers P, Barton N, Malekzadeh MH, Sato S, Hill S, Cohen WE, Fivush B, Gahl WA 
Neurologic c omplic ations in long-standing nephropathic c ystinosis. Arc h Neurol. 1989;46(5):543-8 

42. Vogel DG, Malekzadeh MH, Cornford ME, Sc hneider JA, Shields WD, Vinters HV. Central nervous 
system involvement in nephropathic c ystinosis. J Neuropathol Exp Neurol. 1990;49(6):591-9. 

43. Trauner DA, Williams J, Ballantyne AO, Spilkin AM, Crow hurst J, Hesselink J. Neurologic al 
impairment in nephropathic c ystinosis: motor c oordination defic its. Pediatr Nephrol. 
2010;25(10):2061-6. 

44. Ballantyne AO, Spilkin AM, Trauner DA. Exec utive func tion in nephropathic c ystinosis. Cogn Behav 
Neurol. 2013;26(1):14-22. 

45. Besouw MT, Bow ker R, Dutertre JP, Emma F, Gahl WA, Grec o M, Lilien MR, Mc Kiernan J, Nobili 
F, Sc hneider JA, Skovby F, van den Heuvel LP, Van't Hoff WG, Levtc henko EN. Cysteamine 
toxic ity in patients w ith c ystinosis. J Pediatr. 2011;159(6):1004-11. 

46. Corden BJ, Sc hulman JD, Sc hneider JA, Thoene JG.	  Adverse reac tions to oral c ysteamine use in 
nephropathic c ystinosis.  Dev. Pharmac ol. Ther 1981; 3:25-30. 

47. Thoene J, Oshima R, Craw hall J, Olson D, Sc hneider J. Cystinosis: intrac ellular c ystine depletion by 
aminothiols in vitro and in vivo. J. Clin. Invest. 1976; 58:180-89. 

48. Ulmer FF, Landolt MA, Vinh RH, Huis man T A, Neuhaus TJ , Latal B, Laube GF. Intellec tual and 
motor performanc e, quality of life and psyc hosocial adjustment in c hildren w ith c ystinosis. Pediatr 
Nephrol. 2009;24(7):1371-8. 

49. Bannai S. Transport of c ystine and c ysteine in mammalian c ells. Bioc himic a et Biophysic a Ac ta 
1984; 289-306 

50. Gahl WA, Charnas L, Markello TC, Bernardini I, Ishak KG, Dalakas MC.	 Parenc hymal organ 
depletion w ith long-term c ysteamine therapy.  Bioc hemic al Medic ine and Metabolic Biology 1992; 
48:275-85. 

51. Dunne J, Rodriguez WJ , Murphy MD, Beas ley BN, Burc kart GJ , Filie J D, Lew is LL, Sac hs HC, 
Sheridan PH, Starke P, Yao LP. Extrapolation of adult data and other data in pediatric drug-

development programs. Pediatric s 2011;128:e1242–e1249 


107 

Reference ID: 3806243 











 
  

  
 

 

 

  

   

  

  
    
      

 
     

       
      

  
    

  
  

 
     

  
      

   
         

    
      

    
     

     
   

   
     

   
   

  
   

   
    

  
   

Clinical Review 
Lauren Weintraub, MD 
Supplemental NDA 203389/ (b) (4) S-10 
P rocysbi (delayed-release cysteamine bitartrate capsules) 

9.4 Supple me ntal Informat io n 

9.4.1 RP103-04 Study Protocol Ame ndme nts 

Ame ndme nt 1 (M arch 11, 2010) 

•	 Eligibilit y Criteria: 
o	 Removed minimum weight eligibility criterion 
o	 Allowed enrollment of additional patients who are on a stable Cystagon dose after 

all patients from Study RP 103-03 have been enrolled. 
o	 Required new subjects to be on a stable dose of Cystagon, considered by the 

Investigator as a suitable dose of cysteamine that produces a meaningful reduction 
in white blood cell (WBC) cystine levels, at least 21 days prior to Screening 

•	 Study visits: (Modified clinic visit schedule)
 
(This schedule was followed by all patients continuing from RP 103-03)
 
o	 Screening Visit: 

 For patients continuing from RP 103-03, occurs simultaneously with 
RP 103-03 P eriod 3, Day 3 Study visit 

 For patient entering the Study on a stable dose of Cystagon: Can occur up 
to 28 days prior to Day 1. 

o	 Monthly Visits beginning 1 month (± 7 days) from last Study visit; planned 
completion of 6 consecutive Monthly treatment visits 

o	 Quarterly treatment visits beginning ≥ 1 month and < 4 months after the patient 
has completed 6 consecutive Monthly treatment visits; Quarterly visits will take 
place during by the middle of the first month (± 7 days) of each calendar quarter 
(i.e., January 15, April 15, July 15 and October 15), with up to 6 Quarterly 
treatment visits over this 2 year study, depending on enrollment 

o	 End of Study (EOS) Visit will be conducted within 7 (± 2 days) from the last
completed Study visit or from the date of termination. 

•	 P rocysbi Dosing and Administratio n: 
o	 P rovided RP 103 starting daily dose (70% of daily Cystagon dose) and maximum 

allowed dose (100% of daily Cystagon dose) for additional patients enrolled into 
trial (i.e., patients not entering from RP 103-03) 

o	 Clarified patient administration instructions to: 
 Eat food immediately prior to administratio n of RP 103 and withhold dairy 

products for 1 hour before and after RP 103 administration 
 Take RP 103 with an acidic beverage 

•	 Study Assessments: 
o	 Eliminated exploratory endpoints of “gastrointestinal symptoms” 
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enrollment to additional patients 
•	 Safety procedures: 

o	 Added stopping criteria that were consistent with RP 103-03 Amendment 4 
o	 To correct the list of safety endpoints. 

Ame ndme nt 4 (May 2, 2011)
[6/40 RP103-03 patients enrolled under Amendment 4] 
•	 P rocysbi Dosing and Administratio n: 

o	 Changed starting P rocysbi dose to 80% of daily Cystagon dose (from 70%) and 
maximum allowed dose increased to 100% of daily Cystagon dose)—modified to 
align with dosing modificatio ns made in RP 103-03 

o	 Modified patient instructions to: 
 Fast for at least 3 hours prior to P rocysbi dosing 
 Eat snack/meal 30-60 minutes after P rocysbi dosing 

•	 Enrollment P rocedures: Clarified timing of enrollment and screening schedule for
 
patients not entering from RP 103-03
 

•	 Study Assessments: Described a correction factor for total protein used to allow

comparison of WBC cystine levels measured by different methods
 
(Since implementation, this correction factor has been applied to all WBC measurements, 
both prospectively and retrospectively, and datasets have been changed to reflect these 
calculations) 

Ame ndme nt 5 (September 27, 2011)
[All 20 new patients enrolled under Amendment 5] 
•	 Eligibilit y Criteria: Expanded to permit enrollment of subjects who do not receive their

cysteamine dose as intact capsules, and those who receive it via gastric tube. 
•	 Study Visits: 

o	 Added 5-day Dose Confirmation P eriod for patients not entering from RP 103-03 
o	 Eliminated Monthly Study Visits for patients newly enrolled in RP 103-04 (only 

Quarterly Visit scheduled after completion of the Dose Confirmation P eriod) 
•	 P rocysbi Dosing and Administratio n: 

o	 Changed starting daily P rocysbi dose to 70% of stable baseline Cystagon dose and 
allowed dose increases up to 100% of Cystagon dose 

o	 Allowed administration of opened capsules 
o	 Allowed administration of study drug (opened capsules) via gastric tube, and 

provided instructions for this method of administration 

Ame ndme nt 6: (dated September 26, 2012, after all patients enrolled) 
•	 Eligibilit y Criteria: Added exclusion criterion for patients <1 year old 

114
 

Reference ID: 3806243 











 
  

  
 

 

 

  

 
    

   

 

  

 
   

  
  

  
 

   
     

     
 

       
 

      
 

       

       
   

Clinical Review 
Lauren Weintraub, MD 
Supplemental NDA 203389/ (b) (4) S-10 
P rocysbi (delayed-release cysteamine bitartrate capsules) 

Table 30 (Continue d) 

( S o u rce: Ap pl icant ’s Ta bl e 1 3, “S u mmary o f WBC C yst i ne C oncen trat io ns Over Ti me ( RP1 03-03 Subjects; PK/PD
Population”, Interim Clinical Study Report, pages 75-76 /20 1; N DA 2 0 338 9, Mo dul e 5 .3 .5.2 ) 

9.4.4 Financial Disclosure Review 

Clinical Investigator Financial Disclosure 
Application Number:  NDA 203389/ (b) (4) S-10 
Submission Date(s):  July 14, 2014 
Applicant:  Raptor Pharmaceuticals 
P roduct:  P rocysbi 

Reviewer:  Lauren Weintraub, MD 
Date of Review:  August 13, 2015 
Covered Clinical Study (Name and/or Number): RP 103-04 

Was a list of clinical investigators provided: Yes No (Request list from 
applicant) 

Total number of investigators identified: 32 (10 Investigators and 22 Sub-Investigators) 

Number of investigators who are sponsor employees (including both full-time and part-time 
employees): 0 
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