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Clinical Pharmacology Review 

 
Executive Summary 
 
Submitted is a class 2 resubmission in response to the complete response letter issued by 
the Agency in October 2009.  There was no clinical pharmacology deficiency identified 
during review of the original submission dated July 16, 2007.  No new clinical 
pharmacology information was submitted in this application.   
 
The sponsor also submitted a response to the Agency Information Request (SDN 42) 
dated October 13, 2011 regarding bioanalytical studies conducted by Cetero Research in 
Houston, Texas for the proposed product.  The sponsor stated that no studies conducted 
Cetero during April 1, 2005 to June 15, 2010.  This reviewer confirmed that Cetero 
Research in Houston was not involved in conduct of studies BZPK1002 (food effect 
study) and BZPK1003 (multiple dose study) by reviewing the study reports.  As such 
there is no remaining issue regarding bioanalytical assay    
 
Recommendation 
The Division of Clinical Pharmacology 3 has reviewed the labeling and following 
labeling comments should be conveyed to the sponsor.  
 
Proposed Labeling and Recommended Revisions 
 

2 DOSAGE AND ADMINISTRATION 
For treatment of active ulcerative colitis in adult male patients, the usual dose is three 1.1 
g GIAZO tablets to be taken 2 times a day with or without food (6.6 g per day) for up to 8 
weeks (see 12.3.Pharmacokinetics).  

Reviewer’s comment: In phase 3 trial, the proposed product was administered without 
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Table 2: Pharmacokinetic Parameters for Balsalazide and Metabolites (5-ASA and 
N-Ac-5-ASA) Following Single- and Repeated-Doses (Q12) of 3.3 g Balsalazide 

Disodium as GIAZO (N=18) 

 Single Dose Repeated Dose (7 days) 
Parameter Mean SD Mean SD 
Cmax (mcg/mL)     

Balsalazide 0.3 0.2 0.3 0.2 
5-ASA 0.5 0.3 1.5 0.6 
N-Ac-5-ASA 1.2 0.4 2.2 0.6 

Tmax
a (hours)     

Balsalazide 0.5 (0.5-2) 0.5 (0.5-2) 
5-ASA 12 (8-16) 12 (1.5-16) 
N-Ac-5-ASA 12 (8-16) 10 (1-16) 

AUCtau (mcg•h/mL)     
Balsalazide 1.3 0.7 1.6 0.9 
5-ASA 2.2 1.6 13.4 6.3 
N-Ac-5-ASA 5.9 2.9 21 6.4 

AUC0-  (mcg•h/mL)     
Balsalazide 1.4 0.8 NA NA 
5-ASA 8.5 3.9 NA NA 
N-Ac-5-ASA 33.5 14.1 NA NA 

T½
b (hour)     

Balsalazide 1.9 0.7 8.4 12.4 
5-ASA 9.5b 10.1 9.0 8.6 
N-Ac-5-ASA 10.4b 17.6 7.2 6.8 

a Expressed as median and range. 
b N=17. 

 

Food effect 
After administration of single dose of 3.3 g (3 × 1.1 g tablets) of GIAZO with a high-fat 
meal, the AUC of balsalazide was unaffected compared to fasted administration, but the 
presence of food reduced both peak concentrations and AUC of the metabolites 5-ASA 
and N-Ac-5-ASA.  Under fed conditions, the mean Cmax was reduced by 44% for 
balsalazide, 65% for 5-ASA, and 48% for N-Ac-5-ASA.  No significant changes were 
observed for AUC0-  for balsalazide; however, AUC0-  was reduced for 5-ASA by 46% 
and for N-Ac-5-ASA by 17%. A high fat meal increased the median Tmax for balsalazide 
from 0.5 to 2 hours; for 5-ASA from 12 to 24 hours; and for N-Ac-5-ASA from 12 to 24 
hours.   
 
Reviewer’s comments: Editorial changes 
 
Distribution 
The binding of balsalazide to human plasma proteins was  99%; 5-ASA and N-Ac-5-
ASA were 43% and 78% bound, respectively, to plasma proteins. 
 

Reference ID: 3073598
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Metabolism and Excretion 
Following oral administration, balsalazide is cleaved by bacterial azoreduction to release 
equimolar quantities of 5-ASA, the active moiety, and 4-ABA, a carrier moiety.  
Mesalamine (5-ASA) and 4-ABA are further acetylated to N-Ac-5-ASA and N-Ac-4-
ABA, respectively in the intestinal mucosa and liver.  The terminal half-life was 1.9 h for 
balsalazide, 9.5 h for 5-ASA, and 10.5 h for N-Ac-5-ASA. 

At steady-state following administration of repeated doses of 3.3 g GIAZO every 12 
hours in healthy volunteers, the combined % of dose excreted in urine for balsalazide and 
its metabolites over 12 hours was 23%.  The mean % of dose excreted in urine over 12 
hours was 0.16% for balsalazide, 4.6% for 5-ASA, 15.6% for N-Ac-5-ASA, 0.40% for 4-
ABA, and 1.8% for N-Ac-4-ABA.  
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 Proposed Indication The treatment of mildly to moderately active ulcerative 
colitis in patients 18 years of age and older 

Background 
 
During the original NDA review, the Agency identified following deficiency and conveyed to the 
sponsor in the Complete Response dated May 16, 2008.  The sponsor submitted a Complete Response 
on August 16, 2008 to which the Agency issued a Complete Response on December 22, 2008.  
Submitted is a resubmission of a Complete Response to the Agency’s Complete Response dated 
December 22, 2008.  
 
The deficiency identified by the Agency in a Complete Response dated May 16, 2008 is as below:   

“Your placebo controlled study is not adequate as a single study to support the effectiveness of 
balsalazide tablets for treatment of mildly to moderately active ulcerative colitis because it did 
not demonstrate a statistically persuasive finding of treatment effect and because there was a lack 
of consistency of treatment effect between men and women, subsets that were equally 
represented in this study.” 
 

There were no clinical pharmacology specific deficiencies identified by the Agency.   
 
In this submission, the sponsor used available pharmacokinetic data as a supporting evidence to 
address the deficiency.   
The sponsor’s arguments are as below: 
 

• The potential difference in treatment effect in females has been carefully examined.  Analyses 
of the BZUC3002 and BZUC3003 studies show a consistent response to BD tablet treatment in 
males and females, and address differences in placebo response rates by gender observed in 
study BZUC3002.  Results of these analyses confirm that treatment is equally beneficial in 
both males and females, providing sufficient evidence that the observed placebo response in 



NDA 22-205 Resubmission 
Review of Clinical Pharmacology 

 2

females who participated in study BZUC3002 is a spurious finding and likely due to specific 
aspects regarding the design of the trial.  

 
In addition, analysis of existing pharmacokinetic data by gender demonstrates that there is not 
an appreciative difference between males and females in the rate and extent of bioconversion 
of balsalazide disodium to mesalamine. 
 

•  Available pharmacokinetic and dissolution data for the comparison of the new BD (balsalazide 
disodium) tablet formulation to the currently marketed BD capsule formulation (Colazal®) 
support equivalent 24-h exposure for the two formulations; demonstrate very similar 
pharmacokinetics between males and females with no gender differences in the rate and extent 
of prodrug to active drug conversion; and show equivalence in the in vitro dissolution profile, 
confirming that no relevant differences exist between the immediate release formulations.   

 
Recommendations to the Division Of Gastroenterology Products 
The sponsor’s argument using comparable systemic exposure to balsalazide and its metabolites 
between men and women is not acceptable to address a lack of consistency of treatment effect between 
men and women. Therefore, the decision should be made based on the available clinical efficacy data. 
 

For the immediate release products of balsalazide disodium, the bioequivalence for balsalazide and 
its active metabolite mesalamine has been accepted for the approval of generic products.  Based on 
this practice, the sponsor argues that the similar systemic exposure to balsalazide and its 
metabolites including mesalamine between healthy men and women should support the similar 
therapeutic efficacy between these two important subpopulations.  
 
This argument can not be used to address the current deficiency of inconsistent treatment effect 
between men and women.  The equivalent therapeutic efficacy in different subpopulations (men 
vs. women) may be expected based on the equivalent systemic exposure when one can reasonably 
assume similar disease progression and similar response to treatment between these 
subpopulations.  However, one can not reasonably assume similar disease progression and similar 
response to treatment between men and women especially in this case with the identified 
inconsistent placebo effect between men and women.  As such, the similar systemic exposure to 
balsalazide and mesalamine can not be used to support similar therapeutic effect between men and 
women.  

 
Post-Marketing Study Recommendation 
 

1) Post-Marketing Requirement 
If this product was to be approved, we recommend that the pharmacokinetics of balsalazide, 
mesalamine and N-acetyl aminosalicylic acid after administration of Giazo be characterized in 
applicable pediatric patients and pharmacokinetic parameters be compared to those in adults.  The 
pediatric dose should be adequately justified. 

 
As a similar product Colazal has been already approved for use in pediatric patients, the sponsor 
may leverage available knowledge to design a clinical trial if required by the clinical division 
without a separate pharmacokinetic study to guide a dose selection in this patient group.  In such 
case, the PK study can be a sub-study of pediatric efficacy and safety trial.   
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2) Post-Marketing Commitment 
We recommend that the effect of concomitant antibiotics on the conversion of balsalazide to 
mesalamine by gut-flora be evaluated in patients. 
 
The release of active moiety, mesalamine is dependent on the metabolism of balsalazide by gut-
flora.  Theoretically, the alteration of gut-flora by concomitantly administered antibiotics may lead 
to less conversion of balsalazide to mesalamine and consequently low efficacy.  The systemic 
exposure to balsalazide, mesalamine and N-acetyl mesalamine should be assessed with and without 
concomitant course of antibiotic treatment.   
 

Summary of Clinical Pharmacology Findings 
 
Sponsor’s Response: Section 4.6. in the sponsor’s resubmission of complete response 
The sponsor provided AUCtau and Cmax for balsalazide and its metabolites including mesalamine in 
healthy subjects by gender based on a previously submitted study BZPK1003.  The AUCtau and Cmax 
were normalized by a body-weight adjusted dose (g/kg).  Based on p-value > 0.5 (except for Cmax for 
4-ABA for which p=0.0402), the sponsor concluded that the pharmacokinetics of balsalazide and its 
metabolites are not significantly different between females and males and this finding is consistent 
with the similar efficacy based on their new analysis.    
 
Reviewer’s Comments:  
The reanalysis by the sponsor was based on 12 male and 12 female subjects while the original study 
report for BZPK1003 stated that 18 out of 24 enrolled patients completed the study and reported PK 
parameters for 10 male and 8 female subjects.   
 
In healthy subjects, previous analysis by this reviewer showed that systemic exposure after multiple 
doses tended to be higher in female subjects than in male subjects (Table 1).  Similarly the urinary 
excretion of all analytes was higher in female subjects than in male subjects.  This suggests combined 
with the mode of activation i.e. cleavage of balsalazide by gut-flora to mesalamine (5-aminosalicylic 
acid: 5-ASA) and 4-aminobenzoyl-β-alanine (4-ABA), the systemic/local availability of mesalamine, 
the active metabolite in female subjects is likely no less than that in male subjects.  However, it should 
be noted that this is a qualitative not quantitative evaluation as the number of subjects is not sufficient 
to draw a firm conclusion.   
 
Table 1. The mean pharmacokinetic parameters at steady-state by gender following multiple doses of 
3.3 g Giazo twice a day1.   

 Multiple doses 

Balsalazide Cmax S.D. AUCtau S.D. 

Female (n=8)  307 114 1576 812 

Male (n=10) 267 197 1499 943 

Female/Male (%) 115  105  

5-ASA Cmax S.D. AUCtau S.D. 

Female 1535 675 145922 72172 

Male 1248 626 10395 5112 
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Female/Male (%) 123  140  

N-Ac-5-ASA Cmax S.D. AUCtau S.D. 

Female 2096 656 211382 74502 

Male 2120 587 19291 5614 

Female/Male (%) 99  110  
1From original clinical pharmacology review. 
2In the original Clinical Pharmacology review, data for AUC  of 5-ASA and N-Ac-5-ASA in 
female subjects was presented instead of AUCtau.  
 

Sponsor’s response: Section 5. for the sponsor’s resubmission of complete response 
The sponsor provided a relative BA data after multiple dosing of Giazo (tablets given 3.3 g two times 
a day (6.6 g/day)) and Colazal (capsules given 2.25 g three times a day (6.75g/day)) based on total 
daily AUC (Table 2).  Based on the point estimate and the associated 90% confidence interval, the 
sponsor claims that two products have equivalent in vivo pharmacokinetic exposure.  The sponsor also 
pointed out that the FDA has accepted a bioequivalence for balsalazide drug products based on 
dissolution and PK.   
 
Table 2. The 90% Confidence Interval and Geometric Mean Ratio for 5-ASA Total Daily AUC After 
Multiple Dosing in Study BZPK1003 

 
 
Reviewer’s comments:  

The total daily AUC (AUCtau multiplied by dosing frequency) may be used for a qualitative 
comparison of the systemic exposure after administration of each product under different dosage 
regimens.   
 
However, in this case it is not acceptable as an evidence of in vivo pharmacokinetic equivalency 
because the study was not adequately designed to determine the bioequivalence (e.g. multiple dose 
PK with different dosage regimens).  In particular, because of the different dosage regimens, even 
the bioequivalent systemic exposure between two products were demonstrated, it can not 
independently support equivalent efficacy and safety in a similar way to the generic approval.   
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Table 2 Pharmacokinetic Parameters for Balsalazide and Metabolites (5-ASA, N-Ac-5-
ASA, 4-ABA, N-Ac-4-ABA) Following Single- and  (Q12) of Balsalazide Disodium 
as GIAZO (N=18) 

 Single Dose Multiple Dose 
Parameter Mean SD  Mean SD 
Cmax (μg/mL)      

Balsalazide 0.3 0.2  0.3 0.2 
5-ASA 0.5 0.3  1.5 0.6 
N-Ac-5-ASA 1.2 0.4  2.2 0.6 

Tmax
a (hour)      

Balsalazide 0.5 (0.5-2)  0.5 (0.5-2) 
5-ASA 12 (8-16)  12 (1.5-16) 
N-Ac-5-ASA 12 (8-16)  10 (1-16) 

AUCtau (μg•h/mL)      
Balsalazide 1.3 0.7  1.6 0.9 
5-ASA 2.2 1.6  13.4 6.3 
N-Ac-5-ASA 5.9 2.9  21 6.4 

AUC0-  (μg•h/mL)      
Balsalazide 1.4 0.8  NA NA 
5-ASA 8.5 3.9  NA NA 
N-Ac-5-ASA 33.5 14.1  NA NA 

T½ (hour)      
Balsalazide 1.9 0.7  8.4 12.4 
5-ASA 9.5b 10.1  9.0 8.6 
N-Ac-5-ASA 10.4b 17.6  7.2 6.8 

a Expressed as median and range. 
b N=17. 

(b) (4)

(b) (4)
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At steady-state following administration of  doses of 3.3 g GIAZO every 12 hours in, the combined % 
of dose excreted in urine for balsalazide and its metabolites over 12 hours was 22.6% . 

The mean% of dose excreted in urine over 12 hours for balsalazide, 5-ASA, N-Ac-5-ASA, 4-ABA, and N-Ac-
4-ABA was 0.155 %, 4.64 %; 15.6%; 0.403%; and 1.78 %, respectively. 

Reviewer’s comments: Data with different dosage forms or dosage regimens. 
 

(b) (4)

(b) (4)

(b) (4)
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1 Executive Summary 
 NDA 22-205 for Balsalazide disodium tablet 1.1 g (Tradename®) was submitted seeking 
the marketing approval for the treatment of mildly and moderately active ulcerative colitis by a 
505(b)(1) regulatory pathway.  The marketing of Balsalazide disodium has been approved in 
capsule formulation (Colazal®; NDA 20-610) since July 18, 2000 for the same indication for 
three times daily dose of 2.75 g and use of Colazal® in pediatric patients was approved in 
December, 2006.  The subject of current NDA 22-205 is a new tablet formulation of Balsalazide 
disodium for twice daily dose of 3.3 g.  To support approval of Tradename®, included in this 
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submission are the final study reports for an in vitro drug interaction study, a food effect study 
and a relative bioavailability study between a single and multiple doses of tablet and capsule 
administration and a single phase 3 efficacy and safety study.  Subsequent to the original 
submission, the sponsor submitted an additional phase 3 study report along with the 180 day-
safety update.  There is no new clinical pharmacology related information in this submission.   

1.1 Recommendations 
The Office of Clinical Pharmacology/Division of Clinical Pharmacology 3 has reviewed the 
clinical pharmacology and biopharmaceutics information submitted to NDA 22-205 and found it 
acceptable from a clinical pharmacology standpoint.  Since the “approvable” action will be taken, 
the recommendation on the labeling was not made at this time.   

1.2 Phase IV Commitments 
None1. 3 Summary of Clinical Pharmacology and Biopharmaceutics Findings  
 
Balsalazide (BSZ) is a prodrug which is designed to release an active moiety 5-aminolsalicylic 
acid (5-ASA) and an inactive carrier moiety 4-amino benzoyl-β-alanine (4-ABA) in the colon by 
gut microflora.  The 5-ASA and 4-ABA is further metabolized to N-acetyl-5-ASA (5-Ac-5-ASA) 
and N-acetyl-4-ABA (N-Ac-5-ABA), respectively.  For this NDA the pharmacokinetic 
characteristics for BSZ and all four metabolites were evaluated, nonetheless, the discussion was 
focused on BSZ and key metabolites 5-ASA and N-Ac-5-ASA since the carrier moiety 4-ABA 
appears to be mostly inert.  The clinical pharmacology and biopharmaceutics program in support 
of BSZ Tablet consists of the study BZPK1002 to evaluate food effect on the pharmacokinetics of 
BSZ and metabolites and the study BZPK 1003 to assess the relative bioavailability of BSZ tablet 
to Colazal® after administration of a single dose and multiple doses.  In addition, an in vitro drug 
interactions study report was submitted.  The same study report was previously submitted as a 
Prior Approval Supplement dated May 3, 2007 for Colazal® and reviewed by Dr. Abimbola 
Adelowale of the Division of Clinical Pharmacology 3.  There was no significant metabolism-
based drug interaction observed in in vitro study and the current Colazal® label reflects the study 
findings.   
   
Study BZPK1003: Single-dose PK and multiple-dose PK (fasting condition)-The absorption of 
mesalamine and N-Ac-5-ASA appears to be delayed than BSZ and metabolites accumulate 
after multiple doses  
 
After a single-dose and multiple-dose administration of BSZ tablet in 18 healthy male and female 
subjects, the mean time to peak plasma concentration (Tmax) for BSZ was 0.5 hr and it was 10-12 
hr for 5-ASA and N-Ac-5-ASA, respectively (table 1). The AUC and Cmax were the highest for 
N-Ac-5-ASA followed by 5-ASA and BSZ after a single and multiple dose administration.  The 
terminal half-life determined after a single-dose administration was 1.9 h, 9.5 h, and 10.5 h for 
BSZ, 5-ASA and N-Ac-5-ASA, respectively.  After about 3 days of dosing, the steady-state was 
achieved for BSZ and all metabolites.  In comparison with after a single-dose admisnitration, the 
AUCtau of the parent drug BSZ was increased by 1.2 folds while Cmax was not significantly 
altered after multiples doses however, a significant increase in AUCtau and Cmax of all 
metabolites was observed.   
 
Table 1. Summary of PK parameters after administration of a single-dose and multiple 
doses of BSZ tablets 
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 Single Dose Multiple Dose 
Parameter Mean SD  Mean SD 
Cmax (ng/mL)      

Balsalazide 310 155  316 161 
5-ASA 474 266  1490 642 
N-Ac-5-ASA 1150 422  2190 600 
4-ABA 29.6 13.4  72.4 49.0 
N-Ac-4-ABA 81.2 33.0  140 84.8 

Tmax
a (hour)      

Balsalazide 0.50 (0.5-2)  0.50 (0.5-2) 
5-ASA 12.0 (8-16)  12.0 (1.5-16) 
N-Ac-5-ASA 12.0 (8-16)  10.0 (1-16) 
4-ABA 12.0 (12-48)  8.0 (0.5-24) 
N-Ac-4-ABA 16.0 (8-48)  8.0 (0.5-16) 

AUCtau (ng•h/mL)      
Balsalazide 1330 720  1610 870 
5-ASA 2210 1570  13400 6310 
N-Ac-5-ASA 5860 2870  21000 6380 
4-ABA 140 77.5  665 494 
N-Ac-4-ABA 330 162  1180 737 

AUCT (ng•h/mL)      
Balsalazide 1370 745  1770 911 
5-ASA 8130 3930  33300 15200 
N-Ac-5-ASA 29000 8910  60800 25500 
4-ABA 726 358  1650 1110 
N-Ac-4-ABA 2330 1190  3320 2040 

AUC0-  (ng•h/mL)      
Balsalazide 1380 746  NA NA 
5-ASA 8460 3880  NA NA 
N-Ac-5-ASA 33500 14100  NA NA 
4-ABA 837 412  NA NA 
N-Ac-4-ABA 2730 1310  NA NA 

T½
b (hour)      

Balsalazide 1.9 0.7  8.4 12.4 
5-ASA 9.5c 10.1  9.0 8.6 
N-Ac-5-ASA 10.4c 17.6  7.2 6.8 
4-ABA 8.3 8.1  5.5 2.6 
N-Ac-4-ABA 9.1 9.6  7.0 4.5 

a Expressed as median and range. 
b Expressed as harmonic mean and pseudo standard deviation based on 
jackknife variance. 
c N=17. 

Study BZPK1003: Relative bioavailability between BSZ tablet and BSZ capsule (Colazal®)-At 
steady state, AUC over 24 hours of mesalamine and N-Ac-5-ASA was comparable between 
dosage regimen with tablets and capsules.  
The PK parameters after a single and multiple doses of BSZ tablet and BSZ capsule (Colazal®) 
were compared.  The dosage regimen was 3.3 g twice daily for tablet and 2.25 g three times daily 
for capsule, respectively.  After a single-dose administration the exposure of 5-ASA and N-Ac-5-
ASA were higher with tablets at 3.3 g than capsules at 2.25g which is in consistent with the 
higher dose for the tablet.  The Cmax ratio after administration of tablet to capsule after a single-
dose was 80%, 174.3% and 132.4% for BSZ, 5-ASA and N-Ac-5-ASA, respectively.  
Unexpectedly, the mean Cmax for BSZ was lower with tablet than with capsule despite the higher 
dose for tablet.  At steady-state the Cmax ratio (%) of tablet to capsule was 73.8%, 110.3%, and 
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107.7% for BSZ, 5-ASA and N-Ac-5-ASA, respectively.  The shorter dosing interval for Colazal 
capsule attributes to the smaller difference in Cmax at steady state between tablet and capsule for 
5-ASA and N-Ac-5-ASA.  On the other hand, the Cmax of BSZ at steady-state was about 26% 
lower than after capsule administration.  The relative bioavailability of BSZ, 5-ASA and N-Ac-5-
ASA as a ratio of AUC24 after multiple doses of tablet to capsule was 83%, 102%, and 104% for 
BSZ, 5-ASA and N-Ac-5-ASA, respectively.   
 
Table 2, The 90% Confidence Interval and Geometric Mean Ratio for Balsalazide, 5-ASA, 
N-Ac-5-ASA, 4-ABA and N-Ac-4-ABA Total Daily AUC After Multiple Dosing in Study 
BZPKI003 

 
 
Urinary excretion of Balsalazide and its metabolites was assessed by collecting urine during a 
dosing interval i.e. 12 or 8 hrs over 24 hours for tablets and capsules, respectively during dosing.  
The percentage of dose excreted each analyte was calculated based on doses normalized for each 
component in total dose.  The mean percentage of dose excreted in urine during a dosing interval 
was about 20.4% after tablet and 20.3% after capsule administration.  The renal clearance of BSZ 
and four metabolites (ml/min and ml/min/kg) and the individual components total excretion were 
comparable between tablet regimen and capsule regimen.   
 
Study BZPK1002: Effect of a high fat meal on PK-Under fed status, the AUC and Cmax of 5-
ASA and N-Ac-5-ASA was decreased while Tmax was delayed 
  The high fat diet significantly attenuated the absorption BSZ and metabolites such that the 
median Tmax was increased from 12 hr to 24 hr for 5-ASA and N-Ac-5-ASA and from 0.5 hr to 
2 hr for BSZ.  The rate and extent of absorption of 5-ASA was significantly decreased by high fat 
diet such that Cmax and AUC  was decreased by 65% and 46%, respectively.  The exposure to 
N-Ac-5-ASA was affected by high fat diet as was 5-ASA such that the Cmax and AUC  were 
decreased by 48% and 17%, respectively.  The mean t1/2 of 5-ASA and N-Ac-5-ASA was 
increased by 3.3 hr 0.8 hr respectively under fed condition compared to fasting condition.  On the 
other hand, the median Tmax of BSZ increased from 0.5 hr to 2.0 hr while t1/2 and AUC  of BSZ 
was not significantly altered by high fat diet.  Clinical pharmacology information request was 
sent to the sponsor for the clarification of drug administration procedure in regard of concomitant 
food intake in phase 3 trials.  In the response dated March 24, 2008 the sponsor clarified that no 
specific instructions were provided in the study protocol regarding drug administration with or 
without food.  Presumably, BSZ tablets have been taken without regard of food, therefore, BSZ 
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tablet can be labeled to be taken without regard of food.  Nonetheless, the sponsor indicated that 
they do not oppose to label the product given with food to reduce systemic exposure as a 
precautionary measure given the BSZ is locally acting drug and the recent reports of certain 
adverse events with the related product Colazal®.   
 
Table 3.  The geometric mean ratios (GMRs) and their 90% CIs for the PK parameters of 
balsalazide and its key metabolites following a single dose administration: 

 

2 Question-Based Review 

2.1 General Attributes of the drug 

2.1.1 What pertinent regulatory background or history contributes to the current assessment of 
the clinical pharmacology and biopharmaceutics of this drug? 
 
The current NDA 22-205 was submitted to a 505(b)(1) regulatory pathway in support of new 
twice daily dosage regimen with new tablet formulation of Balsalazide disodium (BSZ) for the 
treatment of adult patients with mildly and moderately active ulcerative colitis in patients 18 
years of age and older.  The BSZ in was approved in capsule formulation(Colazal®, NDA 20-
610) for the treatment of adult patients with mildly and moderately active ulcerative colitis for a 
three times daily dose of three 750 mg capsules (6.75 g/day) for 8 weeks in July 2000.  In 
December 2006, the use of Colazal® in children ages 5 through 17 was approved for the doses of 
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The study BZPK1002 was an open-label, randomized, single-dose, 2-period crossover study in 
healthy male and female subjects to characterize a single-dose and multiple dose 
pharmacokinetics of BSZ and its metabolites to compare PK parameters after tablets with 
capsules administration.  The study BZPK1003 was an open-label, randomized, 2-period 
crossover study in healthy male and female subjects to evaluate food effect on the PK of BSZ and 
its metabolites.   
 
After a single-dose administration, the Tmax was longer for  metabolites than for balsalazide 
and the systemic exposure was the highest for N-Ac-5-ASA.  
In the studies the concentrations of BSZ and its four major metabolites, 5-ASA, N-Ac-5-ASA, 4-
ABA and N-Ac-4-ABA were evaluated in plasma and in urine.  The summary of PK parameters 
is presented in table 1.  After a single-dose administration, the mean tmax was 0.5 hr for BSZ and 
12 hr for 5-ASA and N-Ac-5-ASA.  The tmax for 5-ASA and N-Ac-5-ASA varied with a range of 
8-16 h and the longer tmax for 5-ASA and N-Ac-5-ASA suggest that the absorption of two 
metabolites is significantly attenuated compared to the parent drug BSZ.  After a single-dose of 
3.3 g BSZ tablets, the exposure was the highest for N-Ac-5-ASA among analytes.  The mean 
terminal half-life after a single-dose was 1.9 h, 9.5 h and 10.4 h for BSZ, 5-ASA and N-Ac-5-
ASA, respectively.   

At steady-state metabolites significantly accumulate in plasma. 
The attainment of steady-state was assessed by trough concentrations measured twice a day 
during the first six days of multiple dosing period.  The steady-state was achieved on days 1 or 2 
for BSZ and on day 3 for all other metabolites.  At steady-state the mean Cmax of N-Ac-5-ASA 
was 21.9 μg/ml which was 6.9- and 1.5 folds higher than that of BSZ and 5-ASA, respectively 
and the mean AUCtau of N-Ac-5-ASA was 21 μg h/ml which was 13- and 1.6 folds higher than 
that of BSZ and 5-ASA, respectively.  A significant increase in AUC by 4-9 folds was observed 
for all metabolites after multiple doses such that the Cmax was higher by 3 and 1.9 folds for 5-
ASA and N-Ac-5-ASA, respectively and by 2.4 and 1.7 folds for 4-ABA and N-Ac-4-ABA, 
respectively compared with after a single-dose.  The AUC of the parent drug BSZ was increased 
by 1.3 folds while Cmax was not significantly altered after multiple doses.  The mean half-life after 
multiple doses was 8.4 h, 9.0 h and 7.2 h for BSZ, 5-ASA and N-Ac-5-ASA, respectively.   
 
Reviewer’s comment: Following the multiple doses the mean plasma BSZ concentration 
decreased poly-exponentially while it decreased single-exponentially after a single-dose 
administration.  This may be due to incomplete sampling duration after a single-dose 
administration limited by the bioanalytical assay sensitivity.  As such the half-life of BSZ after a 
single-dose administration obtained after a single-dose administration is not the terminal 
elimination half-life.  Nonetheless, the terminal half-life about 2 hours estimated after a single-
dose administration is short compared to the dosing interval 12 hours for tablets so the majority 
of BSZ is eliminated prior to the next dose.   
 
There were 3 occurrences of carryover plasma concentrations from study period 1 to study period 
2 after 7 days of washout period during cross-over single-dose and multiple dose PK study.  The 
plasma concentration was greater than 5 % of Cmax of 5-ASA and N-Ac-5-ASA for the first day 
of study period 2 dosing in one subject and less than 5% of Cmax in two subjects.  The plasma 
concentrations for these subjects were corrected for carry-over concentration by subtracting the 
contributing 5-ASA or N-Ac-5-ASA plasma concentration using the equation: C=C0 e-λt where 
C0 is the study period 2 predose concentration, t is the study period 2 plasma concentration time-
point, and λ is the terminal rate constant from study period 1.    
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Reviewer’s comment: The sponsor included a subject with pre-dose plasma concentration higher 
than 5% of the Cmax for analysis.  Generally it is recommended to exclude a subject from BE 
analysis if the pre-dose plasma concentration is higher than 5% of the Cmax and to include a 
subject if the pre-dose plasma concentration is lower than 5% of the Cmax (Guidance for Industry; 
Bioavailability and Bioequivalence studies for orally administered drug products-general 
considerations).  Inclusion of one subject after plasma concentration correction for carry-over 
concentration greater than 5% is not expected to have a significant impact on the interpretation 
of relative BA results.     
In some subjects, the time-BSZ concentration profile showed double peaks suggesting that BSZ 
may undergo enterohepatic circulation.  While the clinical significance is unknown, it may in part 
contribute to a high variability in the time to peak (Tmax) and longer half-life of metabolites.   
 
Figure 2. Mean Balsalazide and metabolite plasma concentration-time profiles following 
single- and multiple-dose administration of Balsalazide disodium tablets and capsules 

 

 
 
2.3 Intrinsic Factors 

2.3.1 Does the gender influence urinary excretion and plasma concentrations of BSZ and its 
key metabolites? 
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The sponsor noted that the mean amount of all analytes excreted in urine was higher in females 
(n=9) than in males (n=9) over two (tablet) or three (capsule) consecutive dosing intervals 
regardless of formulation.  The mean total urinary excretion of percentage of dose based on the 
combination of BSZ, 5-ASA and N-Ac-5-ASA was 15% for males and 25% in females and the % 
dose excreted for 5-ASA and N-Ac-5-ASA was 2.16% and 12.8%, respectively in males and 
7.11% and 18.5%, respectively in females. The weight corrected renal clearance (ml/min/kg) was 
also higher for BSZ, 5-ASA, N-Ac-5-ASA and 4-ABA in females than in males.  The renal 
clearance (ml/min and ml/min/kg) for N-Ac-4-ABA on the other hand, was higher in males than 
in females while the the % dose excretion was higher in females.   

Reviewer’s comments:  The sponsor also eluded that the plasma pharmacokinetics did not 
significantly differ by gender.  According to this reviewer’s calculation, the geometric mean AUC 
was higher in females compared to males for BSZ, 5-ASA and N-Ac-5-ASA by 5-40% after 
multiple doses of BSZ tablets.  After BSZ capsule administration, AUC for 5-ASA was higher in 
females by 27% than in males and AUC for BSZ was 10% and N-Ac-5-ASA was 4% higher in 
females compared to males.  Although the large inter-subject variability makes the interpretation 
tenuous, it was noted that the incidence of adverse effects considered drug-related was higher in 
females than in males regardless of formulations.  In study BZPK1003, 7 drug-related AEs
including diarrhea, nausea, dizziness, lethargy, headache, general body ache and chill were 
reported in females while one incidence of nausea was reported in males.  Similarly in food effect 
study BZPK1002, there was no AEs reported for males but five drug-related AEs including 
dizziness, headache, diarrhea, and dry-mouth were reported for females. All reported AEs were 
considered mild.  However, according to the clinical reviewer’s safety review, no definitive trend 
in terms of the gender effect on the incidence of adverse events was observed.  It is unknown the 
clinical significance of the noted difference in urinary excretion and plasma concentration by 
gender to this extent nonetheless it does not seem sufficient to support any dosage adjustment 
based on gender.  

 
 
Table 5: Summary ofurinary excretion of Balsalazide and metabolites by gender 
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Table 6: The mean PK parameters for BSZ, 5-ASA and N-Ac-5-ASA following multiple 
doses of BSZ tablets in male and female subjects 
  

 Multiple doses 

Balsalazide Cmax S.D. AUCtau S.D. 

Female 307 114 1576 812 

Male 267 197 1499 943 

F/M (%) 115  105  

5-ASA Cmax S.D. AUC  S.D. 

Female 1535 675 38491 12568 

Male 1248 626 10395 5112 

F/M (%) 123  140  

N-Ac-5-
ASA Cmax S.D. AUC  S.D. 

Female 2096 626 60515 14600 

Male 2120 587 19291 5614 

F/M (%) 99  110  
 

BEST AVAILABLE COPY
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2.3.2 Does circadian rhythm influence urinary excretion and plasma concentrations of BSZ and 
its key metabolites? 
 
The sponsor noted that there was a diurnal or circadian variation regardless of formulations at the 
steady-state.  The trough concentrations were lower for BSZ in the evening while higher for 5-
ASA and N-Ac-5-ASA in the evening compared to in the morning.  The significance of the 
observed diurnal variation is unknown.   
   
Reviewer’s comment: The clinical significance of the apparent diurnal variation observed in the 
trough concentration is unknown.  Nevertheless, it suggests that the assessment of systemic 
exposure for BSZ and its metabolites regardless of formulations needs to be done using actual 
blood sample data rather than AUCtau multiplied by a dosing frequency due to intra-day 
fluctuation in plasma concentrations.  Nonetheless, for this submission, AUC24 based on AUCtau 
multiplied by a dosing frequency seems reasonable to be compared because the diurnal variation 
appears to be formulation independent.     

 
 
2.4 Extrinsic Factors 

2.4.1 Does Balsalazide have in vivo drug interaction potential?  
 The in-vitro enzyme inhibition study (Study XT005039) was conducted to evaluate inhibitory 
effects of BSZ, 5-ASA, N-Ac-5-ASA, 4-ABA, and N-Ac-4-ABA, on human cytochrome P450 
enzymes.  The study report was previously submitted to fulfill phase 4 commitment for 
balsalazide disodium capsule approval (Colazal® NDA 20-610, SLR 017 dated May 03, 2007) 
and previously reviewed by office of clinical pharmacology (reviewer Dr. Abi Adebowale).  The 
study result is reflected in the current approved Colazal® label.  As such the detailed review is 
referred to the previous review.  Below is excerpt from the section 7 drug interactions in the 
Colazal® label.  
 

“7 DRUG INTERACTIONS 
In an in vitro study using human liver microsomes, balsalazide and its metabolites 
[5-aminosalicylic acid (5-ASA), N-acetyl-5-aminosalicylic acid (N-Ac-5-ASA), 4-
aminobenzoyl-ß-alanine (4-ABA) and N-acetyl-4-aminobenzoyl- ß –alanine (N-Ac-
4-ABA)] were not shown to inhibit the major CYP enzymes evaluated (CYP1A2, 
CYP2C9,CYP2C19, CYP2D6, and CYP3A4/5). Therefore, balsalazide and its 
metabolites are notexpected to inhibit the metabolism of other drugs with are 
substrates of CYP1A2,CYP2C9, CYP2C19, CYP2D6, or CYP3A4/5. “ 

 

2.5 General Biopharmaceutics 
Study BZPK1003: Relative bioavailability between Balsalazide tablets and Balsalazide capsules 
(Colazal®)-Total AUC24  at steady-state after BSZ tablet and BSZ capsule administration was 
comparable.    
The PK parameters after a single 3.3 g dose of BSZ tablet and 2.25 g dose of capsule were 
compared.  The exposure of 5-ASA, N-Ac-5-ASA and BSZ were higher after a single-dose 
administration of BSZ tablets at 3.3 g than capsule at 2.25g in consistent with the higher dose for 
tablet.  Without dose-normalization the Cmax ratio of tablet to capsule after a single-dose was 
80%, 174.3% and 132.4% for BSZ, 5-ASA and N-Ac-5-ASA, respectively.  Unexpectedly the 
mean Cmax for BSZ was lower after tablet than after capsule despite the higher BSZ dose for 
unexplained reason.  On the other hand, the relative BA as a ratio of dose-normalized AUCinf  
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after tablet to capsule administration was 87%, 123%, and 93% for BSZ, 5-ASA and N-Ac-5-
ASA, respectively.   
 
The plasma concentration of BSZ and its metabolites was analyzed after the last dose of multiple 
doses for 7 days.  After multiple doses the exposure of key metabolites was increased by a greater 
extent after capsule regimen such as 21.8- and 8.2 folds for 5-ASA and N-Ac-5-ASA respectively 
than tablet regimen such as 9.2 and 4.5 folds 5-ASA and N-Ac-5-ASA respectively compared to a 
single-dose.  The accumulation degree of BSZ after multiple doses was comparable between 
tablets and capsules. 
 
Reviewer’s comment: The greater increase in exposure for capsules is not unexpected because of 
more frequent dosing for capsule than for tablet.  On the other hand, the comparable 
accumulation for BSZ despite of the different dosing frequency seems consistent with the 
relatively short terminal half-life of BSZ determined after a single-dose.  The half-life of BSZ was 
estimated about 1.9h after a single-dose administration regardless of formulations.  As such, the 
majority of BSZ was eliminated from the system during the dosing interval 8 hr for capsules and 
12 hr for tablets resulting in minimal after multiple doses regardless of formulations.  
 
The Cmax ratio (%) of tablet to capsule after multiple doses was 73.8%, 110.3%, and 107.7% for 
BSZ, 5-ASA and N-Ac-5-ASA, respectively.  Due to a greater accumulation for capsule than for 
tablet, the difference in Cmax was decreased for 5-ASA and N-Ac-5-ASA after multiple doses 
than after a single-dose however the difference slightly increased for BSZ from 20% to 26%.   
 
The relative bioavailability as a ratio of dose-normalized AUCtau at steady state after 
administration of tablets to capsules was 89% for BSZ, 115% for 5-ASA, and 112% for N-Ac-5-
ASA.  
 
Reviewer’s comment: Because BSZ is considered locally acting, the systemic exposure 
information is useful from a safety standpoint.  Since the objective of the study is to assess the 
relative bioavailability and given the high variability with attenuated release of 5-ASA from BSZ, 
this reviewer believes that the AUC over 24 h without dose-normalization is a better measure for 
comparison of b.i.d. tablet dosage regimen and t.i.d. capsule dosage regimen in the steady state.   
The AUC24 obtained during the dosing period for each dosage regimen with tablets and capsules 
would have provided most accurate measure of daily exposure to BSZ and metabolites since this 
way the intraday variability between dosing period could be taken into account given there 
appears to be a diurnal variation in plasma concentration of BSZ and metabolites.  However, it 
was also noted that such diurnal variation in Cmin was observed regardless of formulations; 
therefore, the AUC24 calculated by AUCtau multiplied by the dosing frequency serve as a 
reasonable parameter for the relative bioavailability between two dosage regimens.  The non-
dose normalized AUC24 was provided by the sponsor per this reviewer’s request in Table 2.  
Generally, exposure of metabolites was higher with tablets than with capsules and BSZ exposure 
was lower with tablet than with capsule. .  

The mean urinary excretion of BSZ, 5-ASA and N-Ac-5-ASA during a dosing interval appears 
consistent between each dosing interval.  The mean percentage of dose excreted in urine during a 
dosing interval was 20.3 % after tablet and 20.4% after capsule administration.  The percent (%) 
dose excretion of each analyte was comparable between tablet and capsule regimen such that it 
was 0.155% vs 0.157% for BSZ, 4.64% and 5.10% for 5-ASA, 15.6% and 15.2% for N-Ac-5-
ASA, 0.403% vs 0.385% for 4-ABA and 1.78% vs. 1.56% for N-Ac-4-ABA.  Consistently, the 
renal clearance of BSZ, 5-ASA and N-Ac-5-ASA after tablet and capsule administration was 
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comparable.  Similarly, the ratio of dose-normalized AUCtau of tablet and capsule for BSZ, 5-
ASA, and N-Ac-5-ASA was 89%, 115%, and 112%, respectively.  
 
Reviewer’s comment:  In the sponsor’s calculation, the mean percentage of dose excreted in 
urine during a dosing interval was about 22.6% after tablet and 22.4% after capsule 
administration. These results appear to be slightly overestimated because the percent exrecretion 
of all metabolites and BSZ was combined.  Because the formation of 5-ASA and 4-ABA is 
theoretically 1:1 split from BSZ, the total percent dose excretion should be estimated based on 
one metabolic pathway with a higher excretion.  As such, the mean total percent urinary 
excretion as an combination of BSZ, 5-ASA and N-Ac-5-ASA is 20.3% for tablets and 20.4% 
capsules, respectively.   
 
 
Table 7. Summary of PK parameters following single- and multiple-dose administration of 
Balsalazide disodium tablets and capsules 
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Table 8. Mean Urinary excretion during a dosing interval of BSZ tablets or Colazal.  

 
In general, both dosage regimen using b.i.d tablets at 6.6 g daily and i.i.d. capsules at 6.75 g was 
considered well-tolerated.  Nevertheless, it was noted that the frequency of the treatment-
emergent drug-related adverse events including nausea, diarrhea, headache, dizziness and, 
lethargy was higher during tablet regimen than capsule regimen.  It was also noted that larger 
mean decrease in triglycerides during the tablet regimen (overall -21 mg/dL) compared to the 
capsule regimen (-14.5 mg/dL) as well as decrease in mean glucose values only during the tablet 
regimen (overall -5.2 mg/dL) not during the capsule regime (overall 0.8 mg/dL).  The noted 
difference in blood chemistry was not considered clinically relevant.   

2.5.3 What is the effect of food on the bioavailability (BA) of the balsalazide disodium tablet?  
 
A single dose food effect study was conducted after the administration of BSZ tablets with a 
standardized high-fat meal and under fasting conditions and the exposure parameters of BSZ and 
key metabolites 5-ASA and N-Ac-5-ASA were evaluated. High fat diet significantly attenuated 
the rate of absorption of 5-ASA and N-Ac-5-ASA indicated by the increased median tmax from 12 
hours to 24 hours compared to under fasting. The Cmax and AUC  of 5-ASA was decreased by 
65% and 46%, respectively with food.  The exposure to N-Ac-5-ASA was affected by high fat 
diet as was its precursor, 5-ASA such that the Cmax and AUC  were decreased by 48% and 17%, 
respectively compared to fasting condition.  The mean half-life of 5-ASA was 5.3 and 8.6 hours 
under fasting and fed condition, respectively and it was 9.1 and 10.9 h for N-Ac-5-ASA under 
fasting and fed condition, respectively.  The absorption of BSZ was also significantly delayed by 
high fat diet such that the median tmax increased from 0.5 hour to 2.0 hours with food while the 
terminal half-life and AUC  of BSZ was not significantly altered by the high fat diet. 
 
Therefore, the administration of BSZ tablet should take meal intake into consideration.  Because 
the exposure is higher under fasting condition, it should be ascertained that the safety under the 
higher exposure situation was also evaluated.  Per this reviewer’s request, the sponsor clarified 
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that the BSZ tablets were given without regard of food in the phase 3 trial.  In addition, the 
sponsor also indicated that since the systemic exposure decreased by concomitant food intake, 
from a safety standpoint, the sponsor would not oppose to the administration instruction 
indicating that BSZ tablets should be taken with food.     
 
Reviewer’s comment: Because balsalzide is recommended for a chronic use and the efficacy of 
the drug is not believed to be relevant to attainment of Cmax, this reviewer agrees that the 
decreased systemic exposure to BSZ and metabolites under fed condition is favorable from a 
safety standpoint.  Therefore while BSZ taken can be labeled to be taken without regard of food, 
it is reasonable to label to take BSZ tablet with food.  
 
Table 9. Summary of Pharmacokinetic Parameters for Balsalazide and Metabolites under 
fasting and fed condition 
 

 Fasted (N=26) Fed (N=26) 
 Mean S.D. Mean S.D. 

Cmax     
BSZ 370 188 208 104 

5-ASA 551 416 190 109 
N-Ac-5-ASA 1400 742 737 322 

Tmax Mean (min, max) Mean (min, max) 
BSZ 0.5 0.5-2.0 2 0.5-6.0 

5-ASA 12 8.0-30.0 24 8.0-36.2 
N-Ac-5-ASA 12 6.0-30.0 24 8.0-36.2 

AUCinf Mean S.D. Mean S.D. 
BSZ 1470 716 1390 836 

5-ASA 9480 5550 5190 2730 
N-Ac-5-ASA 33900 15300 28700 15200 

 

2.6 Analytical Section 
 
2.6.1 How are the active moieties identified and measured in the plasma/urine in the clinical 
pharmacology and biopharmaceutics studies?  
  
Balsalazide and its four metabolites, the active metabolite 5-ASA and its major metabolite N-Ac-
5-ASA and the carrier moiety 4-ABA and its N-acetyl metabolite N-Ac-4-ABA in plasma were 
quantified following selective derivatization and liquid-liquid-extraction.   
 
BSZ and metabolites in human plasma and urine were assayed using HPLC-MS/MS method. 
BSZ in plasma samples were acidified and extracted by a mixture of methylene chloride and 
methyl tertiary-butyl ether (MTBE) and the extracts were separated by HPLC using a BetaMax 
Acid column maintained at 35 ºC and further analyzed by ESI-quadrupole MS/MS.   
 
Metabolites, N-Ac-4-ABA, 4-ABA, N-acetyl-5-ASA and 5-ASA were derivatized with propionic 
anhydride prior to a liquid-liquid extraction and separated by HPLC using an XTerra RP18 
column maintained at 35 ºC.  The extract was further analyzed by ESI-quadrupole MS/MS.  
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The bioanalytical assay method was adequately validated with acceptable accuracy, precision and 
selectivity for analysis of BSZ and metabolites, N-Ac-4-ABA, 4-ABA, N-Ac-5-ASA and 5-ASA 
in human plasma and urine.  
 
The range of the standard curve, and LLOQ for each analyte is presented in below table    

 
Table 10.  Bioanalytical Assay validation for BSZ and metabolites analysis in plasma and 
urine   
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3 Appendices 

3.1 Proposed Package Insert   
(b) (4)

2 Page(s) of Draft Labeling have been Withheld in Full 
as b4 (CCI/TS) immediately following this page
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3.2 Study synopsis 
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3.3 OCP Filing Form 
 

Office of Clinical Pharmacology 

New Drug Application Filing and Review Form 

General Information About the Submission
 Information  Information 

NDA Number 22-205 Brand Name  
OCP Division (I, II, III, IV, V) DCP III Generic Name Balsalazide disodium 
Medical Division GI  Drug Class   
OCP Reviewer Insook Kim, 

Ph.D. 
 

Indication(s) Ulcerative colitis 

OCP Team Leader Sue-Chih Lee,  
Ph.D. 

Dosage Form Tablet 

  Dosing Regimen 1100 mg tid 
Date of Submission July 16, 2007 Route of 

Administration 
Oral 

Estimated Due Date of OCP 
Review 

March, 2008 Sponsor Salix 

Medical Division Due Date  Priority 
Classification 

 

PDUFA Due Date 
5/17/2008   

Clin. Pharm. and Biopharm. Information 
 “X” if 

included 
at filing 

Number of 
studies 
submitted 

Number of 
studies 
reviewed 

Critical Comments If 
any 

STUDY TYPE                                                                                                        
Table of Contents present and 
sufficient to locate reports, 
tables, data, etc. 

X                                               

Tabular Listing of All Human 
Studies  

X                                               

HPK Summary  X                                               
Labeling           X                                               
Reference Bioanalytical and 
Analytical Methods 

X                                               

I.  Clinical Pharmacology                                                                                                         
    Mass balance:     
    Isozyme characterization:     
    Blood/plasma ratio:     
    Plasma protein binding:     
    Pharmacokinetics (e.g., Phase 
I) - 

         X                                                                                            
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Healthy Volunteers- 
                                                                                                        

single dose: Fasting & 
fed 

   

multiple dose:     

Patients- 
                                                                                                        

single dose:     
multiple dose:     

   Dose proportionality -                                                                                                         
fasting / non-fasting single dose:     

fasting / non-fasting multiple dose:     
    Drug-drug interaction studies 
- 

                                                                                                        

In-vivo effects on primary drug:     
In-vivo effects of primary drug:     

In-vitro: Effects on  
human 

liver 
microsoma
l enzymes 

   

    Subpopulation studies -                                                                                                         
ethnicity:     

gender:     
pediatrics:     
geriatrics:     

renal impairment:     
hepatic impairment:     

    PD:                                                                                                         
Phase 2:     
Phase 3:     

    PK/PD:                                                                                                         
Phase 1 and/or 2, proof of concept:     

Phase 3 clinical trial:     
    Population Analyses -                                                                                                         

Data rich:     
Data sparse:     

II.  Biopharmaceutics                                                                                                         
    Absolute bioavailability:     
    Relative bioavailability -         X                                                                                             

solution as reference:     
alternate formulation as reference: capsule    

    Bioequivalence studies -                                                                                                         
traditional design; single / multi 

dose:
    

replicate design; single / multi 
dose:

    

    Food-drug interaction studies: X    
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    Dissolution:     
    (IVIVC):     
    Bio-wavier request based on 
BCS 

    

    BCS class     
III.  Other CPB Studies                                                                                                        
    Genotype/phenotype studies:     
    Chronopharmacokinetics     
    Pediatric development plan     
    Literature References X    
Total Number of Studies         3             

 
    

Filability and QBR comments 

 
“X” if yes 

Comments 

Application filable ? 
X Reasons if the application is not filable (or an 

attachment if applicable) 
For example, is clinical formulation the same as the to-
be-marketed one? 

Comments sent to firm ? 

 

 Comments have been sent to firm (or attachment 
included). FDA letter date if applicable. 

QBR questions (key issues to be 
considered) 

 

Other comments or information 
not included above 

 

Primary reviewer Signature and 
Date 

 

Secondary reviewer Signature 
and Date 
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