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solution for injection delivers 10 mg granisetron 

Indication Prevention of acute and delayed chemotherapy-
induced nausea and vomiting (CINV)

Overall Recommendation: 

Class 2 resubmission of NDA 22445, dated 07/17/2015 is acceptable from a 
Clinical Pharmacology perspective. 

Introduction: APF530 [proposed trade name SUSTOL®] has been developed for 
prevention of acute and delayed chemotherapy-induced nausea and vomiting, CINV. It is 
a novel polymeric formulation of granisetron, a serotonin-3 (5-HT3) receptor antagonist, 
for subcutaneous injection. Granisetron is currently approved in intravenous, oral and 
transdermal formulations.
APF530 consists of 2% granisetron in a polymer vehicle, . The primary 
component of  is the triethylene glycol poly(ortho ester) polymer (TEG-POE 
orAP135; 80 %) and the minor component is methoxy polyethylene glycol, MPEG (20 
%), an NF excipient . The 
TEGPOE polymer is designed for a controlled hydrolysis resulting in sustained release of 
granisetron to prevent nausea and vomiting during acute and delayed phases following 
chemotherapy. APF530 is provided in a pre-filled glass syringe and is delivered by a 
single subcutaneous injection in the abdominal region or upper arm approximately 30 
minutes prior to initiation of chemotherapy treatment. The proposed single dose is 500 
mg of polymeric injection, containing 10 mg of granisetron. 
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The current application is a class 2 resubmission submitted on July 17, 2015 for NDA 22-
445 (original submission dated 14 May 2009; previously resubmitted on 27 September 
2012). In this resubmission, the sponsor (A.P. Pharma) has provided their responses to 
the deficiencies identified in the FDA Complete Response Letter dated 27 March 2013).  
There were no Clinical Pharmacology deficiencies. Please refer to the final Clinical 
Pharmacology review in DARRTs dated March 14, 2013.

The resubmission included two new relative bioavailability/bioequivalence trials (C2013-
03 comparing clinical vs. commercial manufacturing sites and C2014-01 comparing 
abdomen vs. upper arm injections) as well as an addendum to the polymer metabolic fate 
study C2011-02 for OCP review.  Resubmission also includes two new trials (C2013-01 
and C2013-02) for clinical review.

Study C2013-03 compared the relative bioavailability of granisetron following abdominal 
subcutaneous injection of the clinical versus proposed commercial drug products which 
differ in the site of manufacturing. Study C2014-01 compared the relative bioavailability 
of granisetron following subcutaneous administration of the proposed commercial drug 
product in either abdomen or the back of non-dominant upper arm, as an alternate site of 
injection.  With respect to the polymer fate study addendum, sponsor used improved 
analytical methods and internal standards to characterize TEG, TEG-acid and PEMPA 
(pentaerythritol monopropionate) in the stored urine samples from study C2011-02.  

Summary of Clinical Pharmacology and Biopharmaceutics findings

Note: For individual study reviews, please see the appendix.

(A)  Comparison of Manufacturing Sites: Lifecore (Commercial Product) vs.  
(Clinical Trial Product) 

Study C2013-03:  An open-label, randomized, two-way crossover evaluation of the 
bioequivalence of two APF530 500 mg formulations administered as a single 
subcutaneous dose to healthy subjects

Conclusions:  Sustol formulations from the clinical and commercial manufacturing sites 
are bioequivalent.

Study overview: The objective of this trial was to determine the bioequivalence (BE) of a 
single subcutaneous (SC) dose of the proposed commercial formulation of APF530, 500 
mg granisetron extended release (ER) injection (manufactured and filled at Lifecore; the 
Test Product) and the Phase 3 clinical supplies formulation of APF530 500 mg 
granisetron ER injection (manufactured by  and filled at Lifecore; the Reference 
Product) in healthy adults. Secondary objective was to evaluate the safety and tolerability 
of the proposed and phase 3 formulations. Study was a single center, randomized, open-
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label, single dose (10 mg granisetron in APF530 500 mg administered subcutaneously), 
2-period, 2-sequence, crossover, BE study in healthy male and female subjects (150 
enrolled; 143 completed both periods). There was a 2 weeks of washout between the two 
periods.  In each of the two study periods the subjects received either Test Product 
(Treatment B) or Reference Product (Treatment A) randomly.

Issues and resolution:  During the review of the study report, it was identified that two 
additional steps were carried out prior to drug administration: 1) transfer of drug product 
from pre-filled glass syringe to tuberculin syringe, and 2) use of drug product from two 
pre-filled syringes to prepare one dose in tuberculin syringe.  The first step per the 
sponsor, avoids the use of warmer pouches which were intended to bring the highly 
viscous product to body temperature, and the second step to achieve an overfill in the 
tuberculin syringe. Specifically, sponsor noted that the transfer process required the use 
of two prefilled glass syringes for a single clinical dose due to the additional product 
hold-up in the luer-lock to luer-lock transfer device and tuberculin syringe. 
Approximately ¼ to ½ of the second glass syringe is transferred to the tuberculin syringe 
to achieve an overfill in the tuberculin syringe. Sponsor was asked to provide dosing 
records from the clinical site to ensure that all subjects received the required amount of 
drug product during both treatment periods. Overall, dosing records submitted suggests 
that transfer, overfill and delivery of a pre-determined amount of drug product was 
achieved consistently enough to not significantly compromise final dose administered in 
each subject. According to Dr. Ge, the CMC reviewer, the two products had similar 
viscosity.  Since the additional steps (transfer and overfill) were done for both the test and 
reference treatments, and did not appear to alter the final dose of SUSTOL administered 
to volunteers, the data from the bioequivalence trial 2013-03 is acceptable from a Clinical 
pharmacology perspective to compare formulations from the two manufacturing sites.  

Results: Pharmacokinetic parameters from the clinical and commercial manufacturing 
sites are summarized in the table below:
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Reviewer’s analysis of the pharmacokinetic data comparing 10 mg granisetron from 
commercial and clinical lots of APF530 (differing in the sites of manufacture) were 
comparable to sponsor-submitted data; reviewer’s analysis results are summarized in the 
table below and support bioequivalence of the two formulations.

Study 2013-03 Test (B)/Reference (A) % 90 % confidence intervals
CMAX 114.3 [108.3- 120.6]
AUCT 102.6 [99.3 – 106.1]
AUCINF 103.0 [99.3 – 106.9]
AUC24 102.0 [96.6 – 107.7]

(B) Comparison of Administration Sites: Abdomen vs.Upper Arm 

Study C2014-01: An Open-Label, Randomized, Two-Way Crossover Evaluation of the 
Bioavailability of APF530 500 mg Administered By Alternant Routes as Single 
Subcutaneous Doses to Healthy Subjects 
Conclusions: Systemic exposure to granisetron following SUSTOL administration at the 
two sites of administration (abdomen vs. upper arm) is bioequivalent.

Study overview: The primary objective was to compare the bioavailability (BA) of a 
single subcutaneous (SC) dose of APF530 500 mg (10 mg granisetron by extended 
release (ER)) injected in the upper left quadrant (ULQ) of the abdomen (Reference route) 
to a single SC dose of APF530 500 mg (10 mg granisetron by ER) injected into the non-
dominant upper arm (Test route) in healthy adult subjects.
The secondary objective was to assess the safety and tolerability of APF530 500 mg for 
the test and reference routes. This was a phase 1, single-center, randomized, open-label, 
single dose, 2-period, 2-sequence crossover BA study in healthy adult male and female 
subjects, 18-55 years of age.  There was a washout of 2 weeks between doses.  After 
bringing the pre-filled glass syringes to room temperature, warming pouches were used 
for 5-6 minutes to bring the viscous formulation to body temperature for ease of 
administration directly from these syringes to the study subjects.

Issues identified and resolution: Four subjects are reported to have residual drug 
remaining in the supplied pre-filled syringes after SC administration.  These residual 
amounts correspond to 11.1 %, 15.8 %, 34.6 % and 17.3 %.  Sponsor provided PK 
parameters after non-compartmental analyses with and without the data from the four 
patients with residual drug in the syringe after SC injection.  Data does not suggest an 
impact of these individuals on the overall findings.  Reviewer’s analyses did not 
eliminate any subjects.  Test-to-reference (T/R) geometric mean ratios for PK parameters 
in those individuals reported to have residual drug in one of the treatment periods, in 
general appeared to be within the range of ratios for other subjects in the study.

Results:  Pharmacokinetic parameters for granisetron following subcutaneous injection of 
SUSTOL into abdomen vs. upper arm are summarized below:
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Reviewer analysis suggests bioequivalence of granisetron systemic exposure from the 
two sites of subcutaneous administration (abdomen vs. upper arm). The 90 % confidence 
interval bounds were contained within the average bioequivalence criteria of 80-125 %.
Parameter T/R (%) 90 % confidence bounds
CMAX 111.52 [105.95-117.37]
AUCT 107.45 [103.72-111.32]
AUCINF 106.28 [102.37-110.34]
AUC24 111.93 [105.60 – 118.65]

Sponsor conducted analyses with or without these four subjects with residual drug 
concentrations; data are shown below and do not suggest an impact on 
bioequivalence:

(C)Study C2011-02 addendum:  Addendum to Study C2011-02 assessing metabolic 
fate of the novel TEG-POE polymer in SUSTOL

Conclusion:  Following re-analyses with improved methods, the recovery of the novel 
polymer load as breakdown products increased from 34 % to ~ 47 % of the total novel 
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polymer load administered in the dose. This was primarily due to the ability to quantify 
additional triethylene glycol (TEG) as TEG-COOH and additional pentaerthryticol (PE) 
as pentaerythritol monopropionate (PEMPA) in the urine samples of individual subjects.  
However, the long term storage stability data to support the re-assay of stored samples is 
at present unavailable. Sponsor notes that this evaluation of long-term storage stability is 
ongoing.

Study overview:  The addendum provides the reanalysis of human urine samples for TEG 
and TEG-COOH and PEMPA. The method for quantitation of TEG-COOH was 
improved by using a deuterated TEG-COOH reference standard with higher purity, as 
determined by NMR. The use of deuterated PEMPA standard allowed for the analysis of 
the pentaerythritol metabolite in human urine. Both of these LC-MS/MS analytical 
methods were validated prior to use. 

Issues:  Analyses were conducted on human urine samples from study C2011-02 that 
were stored at -80°C. For TEG and TEG-acid, the established long-term storage stability 
at -20oC and -70oC in the human urine samples is 105 days, while for PEMPA, it is 36 
days. Re-analyses were done on urine samples outside the established storage stability.  
Per sponsor, a total of 903 days of long-term storage stability is required to cover the 
storage of the human urine study samples at –20 °C (±10 °C). Sponsor notes that 
additional long-term storage stability testing is currently ongoing.

Results and conclusions: Considering that the drug product has 2 % granisetron in 
 polymer, the total dose of polymer was 980 mg in this study.  Of this, the novel 

TEG-POE polymer constitutes a dose of 784 mg.  Of this dose, ~ 34 % of the polymer 
dose has been recovered in the form of TEG (138 mg) and PE (131 mg) during the 
original analyses of urine samples from study C2011-02.  
With the re-analyses, additional 28 % of TEG, primarily as TEG-COOH (i.e. 68 % 
recovery of theoretical yield of TEG; 223 mg), and an additional ~ 4.6 % of 
pentaerythritol, as PEMPA (i.e. 57 % recovery of theoretical yield of PE; 143 mg) could 
be recovered. Thus, overall the recovery with these re-analyses is 46.6 % of the novel 
polymer load in the total dose of APF530 administered.  Thus, the overall recovery has 
been improved by 13 % with the re-analyses. (Note: The sponsor submitted the new 
recovery data although this was not a deficiency for the CR action in the last review 
cycle.)  
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Appendices: Individual Study Reviews 

Validation of a Method for the Determination of Granisetron in Human Plasma by 
LC-MS/MS: Method 42-1403

Methodology:  Plasma samples were spiked with internal standard, processed by liquid-
liquid extraction, and analyzed using reversed-phase HPLC with Turbo Ion Spray/ 
MS/MS detection. Positive (M+H)+ ions for granisetron and granisetron-d3 were 
monitored in MRM mode. Analyte-to-IS peak area ratios for the standards were used to 
create a linear calibration curve using 1/x2 weighted least-squares regression analysis.

The linearity, precision and accuracy, selectivity, dilution linearity, extraction recovery, 
matrix effect, hemolysis plasma, batch size, and injection carryover were evaluated. 
Experiments were conducted to evaluate the stability of granisetron in sodium heparin 
human plasma at ambient temperature, through freeze/thaw cycles, and following long-
term storage (-20ºC and -70ºC). Granisetron stability was assessed in solvent (ambient 
temperature and -200C), in human whole blood, and in processed samples.

Regression Analysis

Calibration standard samples at eight concentration levels (0.05, 0.1, 0.5, 1.5, 5, 15, 45, 
and 50 ng/mL) were prepared. Linear regression analysis calculations were performed 
with 1/x2 weighting. For a precision and accuracy validation run to be acceptable, a 
minimum of 75% of the total number of calibration standards in the calibration range 
(between and including the LLOQ and the ULOQ) could not deviate by greater than 
±15.0% (±20.0% at the method LLOQ concentration) from their nominal values. 
Standards that back-calculated to be greater than ±15.0% (±20.0% at the LLOQ) from 
their nominal concentrations were excluded from the regression analysis. All of the 
excluded standards had to deviate by greater than ±15.0% (±20.0% at the LLOQ) from 
the nominal value after the exclusion. For precision and accuracy validation runs, the 
calibration curve had to contain at least one standard that met the acceptance criteria at 
both the LLOQ and the ULOQ concentrations.

Reference ID: 3867684
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Precision and accuracy of the method were evaluated by analyzing QC samples at five 
different concentrations (0.05, 0.15, 2.5, 22.5, and 40 ng/mL) within the standard curve 
range to validate reproducibility.

For a precision and accuracy validation run to be acceptable, a minimum of 2/3 of the 
total number of QCs could not deviate by more than ±15.0% (±20.0% at LLOQ QC) 
from their nominal values, and at least half of the QC samples at each concentration had 
to be within 100 ± 15.0% (± 20.0% at the LLOQ QC) of their nominal values. QC values 
that differed from the mean value by ± 3 S.D. (when the suspected value was excluded 
from mean and S.D. calculation) could be considered outliers and excluded from the 
statistical calculation. No more than one QC could be excluded for a given validation run. 
A maximum of two QCs could be excluded for the combined three precision and 
accuracy validation runs.

Precision was determined by the coefficient of variation (%CV). The acceptable 
maximum %CV for a valid assay was 20.0% at the LLOQ QC sample and 15.0% at all 
other QC concentrations.

Accuracy was determined by replicate analysis of samples containing known amounts of 
the analyte and expressed as percent relative error (%RE). The acceptable accuracy 
(%RE) for a valid assay is a maximum of ± 20.0% of the nominal concentration at the 
LLOQ QC sample and ± 15.0% at all other concentrations.

Intraday precision and accuracy represent how the precision and accuracy behave within 
an analytical run and were determined by analyzing six replicates for each QC sample, 
including the LLOQ QC, in each of the three precision and accuracy runs.

Selectivity is the ability of an analytical method to differentiate and quantify the analyte 
in the presence of other components in the sample. The selectivity of this method was 
evaluated by extracting and analyzing six individual lots of blank sodium heparin human 
plasma without either granisetron or the IS. 

The purpose of the dilution test was to ensure that samples above the upper limit of the 
standard curve could be diluted with blank matrix without affecting the final calculated 
concentration. A sodium heparin human plasma sample was prepared at one 
concentration (250 ng/mL) and diluted with pooled blank sodium heparin human plasma 
at a dilution factor of 20 in five replicates.

The purpose of the injection carryover test was to evaluate the extent of carryover of an 
analyte of interest from one sample to the next in every run. An extracted blank was 
inserted in the injection sequence after the highest calibration standard (ULOQ) from the 
first and second set of standards with the same injection volume as other samples.

The purpose of the matrix effect test was to evaluate the suppression or enhancement of 
the analyte and internal standard responses by the matrix. The matrix effect was 
determined in six individual lots of sodium heparin human plasma at two concentrations 
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(0.1 and 50 ng/mL, n=3) for granisetron and at one concentration (1 ng/mL, n=3) for the 
internal standard. The matrix factor was the ratio of peak areas of solutions in the 
presence of the matrix to the peak areas of solutions in the absence of the matrix.

The purpose of the recovery test was to evaluate the efficiency of the liquid-liquid 
extraction process. Recovery was determined at three standard concentrations (0.1, 5, and 
50 ng/mL, n=5) for granisetron. The recovery test for the internal standard was not 
required since a stable isotope label was used. The results are expected to be similar to 
those of the unlabeled analyte. The recovery of the analyte in this assay was evaluated by 
comparing the mean peak areas from the analyte added to and recovered from the 
biological matrix (extracted samples) to the peak areas from the post extracted spiked 
samples.

In addition stability under various conditions was evaluated.

Conclusion: The analytical method for the assay of granisetron has been adequately 
validated and is suitable to evaluate drug concentrations in sodium heparin human plasma 
samples obtained from clinical trials. The quantitation range was 0.05 to 50 ng/mL using 
a 50-µL sample volume.

Validation summary for Granisetron:

Reference ID: 3867684
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APPA C2013-03: An open-label, randomized, two-way crossover evaluation of the 
bioequivalence of two APF530 500 mg formulations administered as a single 
subcutaneous dose to healthy subjects

Study time frame:  08 March 2014 through 12 April 2014

Study site: 

Study objective:  Primary objective was to determine the bioequivalence (BE) of a single 
subcutaneous (SC) dose of the proposed commercial formulation of APF530 500 mg 
granisetron extended release (ER) injection (manufactured and filled at Lifecore; the Test 
Product) and the Phase 3 clinical supplies formulation of APF530 500 mg granisetron ER 
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injection (manufactured by and filled at Lifecore; the Reference Product) in 
healthy adults. Secondary objective was to evaluate the safety and tolerability of the 
proposed and phase 3 formulations.

Design:  Single center, randomized, open-label, single dose (10 mg granisetron in 
APF530 500 mg administered subcutaneously), 2-period, 2-sequence, crossover, BE 
study in healthy male and female subjects (150 enrolled; 143 completed both periods). 
There was a 2 weeks of washout between the two periods.  In each of the two study 
periods the subjects received either Test Product (Treatment B) or Reference Product 
(Treatment A) randomly.

Study treatments:

Sample size:  The sample size was based on the primary objective of determining the BE 
of APF530 500 mg ( /Lifecore) and APF530 500 mg (Lifecore/Lifecore) in healthy 
adult subjects. 

A sample size of 141 evaluable subjects provided 90% power to show that the Test to 
Reference Product ratio CI for the log transformed PK parameters were within the 
80.00% to 125.00% range for BE. The sample size calculation assumed that the ratio was 
within 5% of the Reference and that the CV % was not larger than 52%. Considering the 
possibility of some subjects discontinuing, a total of 150 subjects (75 subjects per 
treatment arm) were enrolled/randomized in the study.  

Drug products: Heron Therapeutics, Inc. provided the individual doses of both the 
Reference and Test Product SC APF530 500 mg in prefilled syringes. The syringes were 
removed from the refrigerator and stored at room temperature prior to use. 

Drug administration:  Each dose of trial medication in each study period was 
administered in the morning from a single dosing station. All subjects were given a single 
abdominal SC injection in the upper left quadrant (ULQ) of either Treatment B (Test 
Product) or Treatment A (Reference Product) on Day 1 and in the lower right quadrant 
(LRQ) on Day 15 according to the randomization schedule.

Reference ID: 3867684
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After choosing the injection site, the skin was pinched up on the SC tissue to prevent 
injection into the muscle. The needle was inserted at a 30–45 degree angle (bevel facing 
up) to the pinched skin. With the thumb applying slow and steady pressure on the syringe 
plunger the dose of APF530 500 mg was administered over a 20–30 second period. The 
clinical personnel injecting the APF530 500 mg dose ensured the complete dose was 
given by visually checking to see that the syringe stopper was seated completely against 
the end of the syringe barrel at the needle hub before withdrawing the needle from the 
skin. To ensure compliance, the injection was carried out under the supervision of the 
Investigator.

Blood sampling for PK: Blood samples were taken within 30 minutes pre-dose and 0.5, 1, 
2, 4, 6, 8, 10, 11, 12, 18, 24, 48, 72, 96, 120, 144, and 168 hours following administration 
of study drug in each treatment period.

Sample analysis:  Plasma granisetron samples were analyzed using liquid 
chromatography with a tandem mass spectrometric detection (LC-MS/MS) method over a 
concentration range of 0.05 to 50.0 ng/mL, in accordance with the validated analytical 
method. The minimum quantifiable level of granisetron detection in plasma or lower 
limit of quantification (LLOQ) was 0.05 ng/mL. 

PK and statistical analyses:   Plasma PK parameters were determined for the Test and 
Reference Products by non-compartmental methods using Phoenix® WinNonlin®, 
version 6.3 and included the following: area under the plasma concentration-time curve 
(AUC) from time -0 to the time of the last measurable concentration (AUC0-t), AUC 
from “time 0” extrapolated to infinity (AUC0-inf), AUC from “time 0” to 24 hours after 
dosing (AUC0-24), maximum observed plasma concentration (Cmax), time at which 
Cmax occurred (Tmax), apparent terminal elimination rate constant (kel), and apparent 
terminal elimination half-life (t½). Actual elapsed sampling times relative to the SC 
administration were used for the estimation of PK variables.

Subjects with sufficient data to calculate PK parameters for both treatments were 
included in the BE analysis. Analysis of variance (ANOVA) was performed on the 
natural logarithms of AUC0-t, AUC0-inf, and Cmax results for granisetron using 
Statistical Analytical Systems (SAS®) version 9.3. Formal BE comparisons were 
performed using 90% CIs for the ratios of the population geometric means (GM) for the 
Test Product to the Reference Product. The equivalence limits were 80.00% to 125.00%.

Issues with study conduct and resolution:  During the review of the study report, it was 
identified that two additional steps were carried out prior to drug administration: 1) 
transfer of drug product from pre-filled glass syringe to tuberculin syringe, and 2) use of 
drug product from two pre-filled syringes.  The first step per the sponsor, avoids the use 
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of warmer pouches which were intended to bring the highly viscous product to body 
temperature, and the second step to achieve an overfill in the tuberculin syringe. Sponsor 
also notes that transfer to tuberculin syringe allows blinding as the clinical trial and to be 
marketed syringes differ somewhat in their presentation.  While blinding is typically not 
needed in PK studies, blinding would allow for objective comparison of safety data from 
the two drug products, including those of injection site reactions.

The sponsor was asked to address the rationale for the changes in drug administration 
procedures, and to also provide assurance through individual dosing records that all 
patients received the same dose (10 mg in 0.5 g drug product) even after these additional 
steps.

In this regard, sponsor provided additional justification as reproduced below and also 
provided syringe mass form records (pre-dose and post-dose masses and net dose 
administered):

Response: “The drug product transferred from the glass syringes to the plastic tuberculin 
syringes was to maintain blinding. The  lot used for the bioequivalence 
trial was filled into .0mL Long syringes which have a plastic rigid tip cap (PRTC). 
The PRTC is a plastic sheath on the outside of the rubber tip cap. The  
1.0mL Long syringes used for the Lifecore lot do not have the PRTC; the tip cap is solid 
rubber. Due to differences in syringe configuration, the product was transferred from the 
glass syringe to the plastic tuberculin to maintain blinding.

This transfer process required the use of two prefilled glass syringes for a single clinical 
dose due to the additional product hold-up in the luer-lock to luer-lock transfer 
device and tuberculin syringe. Approximately ¼ to ½ of the second glass syringe is 
transferred to the tuberculin syringe to achieve an overfill in the tuberculin syringe. The 
excess product is then discarded in a subsequent step in which the graduation marks on 
the Tuberculin syringe are used to QS to the exact required dose. Tuberculin dosing 
syringes were weighed pre and post dosing (See Syringe Mass Form) to record the exact 
mass of product administered to each patient. This data demonstrates that patients 
received the required product mass”.

Reviewer comments: Net dose administered (mass in grams) in individual subjects 
suggests that approximately 0.5 g of the drug product (equivalent to 10 mg of 
granisetron) was administered in the study.   The largest deviation in one individual was 
by approximately 50 mg drug product, equivalent to 1 mg of drug.  There was no trend 
for small differences in the doses of the test and reference treatments and the resultant 
T/R ratio.  Overall, it appears that the transfer to tuberculin syringe, overfill and delivery 
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of a pre-determined amount of drug product was carried out consistently enough to not 
significantly compromise dose administered in each subject.

Disposition: Of the 150 healthy volunteers enrolled, one hundred forty-three (143) 
subjects completed both periods and received both treatments. Seven (7) subjects (4.7%) 
discontinued treatment during the study. One hundred fifty (150) subjects were included 
in the safety analysis and 142 were included in the PK analysis.

Plasma concentration-time data was analyzed using Pharsight Phoenix; individual and 
descriptive statistics for the reference (treatment A) and test (treatment B) were found to 
be similar to those provided by the sponsor. Since PK data was comparable to the 
sponsor’s PK output (descriptive stats are reproduced below from the sponsor’s analysis), 
PK parameter dataset provided by the sponsor was using for statistical (average BE) 
analysis:

Reviewer’s analysis of the PK data comparing 10 mg granisetron from commercial and 
clinical lots of APF530 using SAS for Windows 9.3 is summarized below and 
comparable to sponsor’s analysis:

Study 2013-03 Test (B)/Reference (A) % 90 % confidence intervals

CMAX 114.3 [108.3- 120.6]

AUCT 102.6 [99.3 – 106.1]

AUCINF 103.0 [99.3 – 106.9]

Reference ID: 3867684
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Overall, findings support bioequivalence of commercial and clinical trial formulations. 

Individual subject c-t profiles,  are shown:
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Study 2013-03: Bioanalytical assay report review- Determination of Granisetron in 
Human Plasma by LC-MS/MS Supporting APPA C2013-03

STUDY NUMBER: 449-1401BA

BIOANALYTICAL STUDY DATES:

01 Apr 2014 (receipt of first samples) to 18 Apr 2014 (date of last injection)

Dosing dates in the study ranged from 15 March 2014 through 05 April 2014. Between 
01 Apr 2014 and 16 Apr 2014, a total of 5257 human plasma primary samples and 5245 
human backup samples were received frozen on dry ice from  

 The samples were stored in a -70oC freezer until analysis. 
All study samples were analyzed within the established long term stability of 59 days at -
70oC.

Calibration standard samples at eight concentration levels (0.05, 0.1, 0.5, 1.5, 5, 15, 45, 
and 50 ng/mL) were prepared. Quality control samples at four concentration levels (0.15, 
2.5, 22.5, and 40 ng/mL) were prepared and stored at -70oC. Linear regression analysis 
calculations were performed with 1/x2 weighting.

Results: Method performance:  The %CV of the QCs for granisetron at 0.15, 2.5, 22.5, 
and 40 ng/mL ranged from 3.8% to 4.8% while %RE ranged from -2.7% to 1.8%. All 
reported runs met data acceptability criteria per SOPs.

Back-calculated standards:

QC samples in human plasma:

Incurred sample reproducibility:

Reference ID: 3867684
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1. Incurred Sample Reproducibility Assessment

A total of 318 samples from 150 subjects were selected to assess incurred sample 
reproducibility. Samples were analyzed in singlet at the same dilution as the original 
assay. The samples and analyte of interest were specified in the batch records for each 
run that included incurred sample reassays. The samples selected for incurred sample 
reassay were covered by long-term storage stability established during method validation.

2. Incurred Sample Reproducibility Criteria

The allowable percent difference between the original result and the assay performed to 
assess reproducibility is 20% for chromatographic assays. The difference is calculated 
as follows:

% Difference = ((Reassay – Original)/Average of Reassay and Original) x 100

The incurred sample reproducibility assessment is considered satisfied if two-thirds of the 
samples evaluated meet the acceptance criteria. 

ISR results: Of the 318 samples selected to assess incurred sample reproducibility, 98.7% 
met the acceptance criteria for granisetron. As per SOP LP-032, the incurred sample 
reproducibility assessment is acceptable since greater than two-thirds of the samples 
evaluated met pre-specified acceptance criteria.

Conclusion:  Plasma granisetron concentrations obtained from study 2013-03 are 
suitable for further evaluation of PK and bioequivalence assessment. 

Reference ID: 3867684
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Study title: 2014-01-  An Open-Label, Randomized, Two-Way Crossover Evaluation 
of the Bioavailability of APF530 500 mg Administered By Alternant Routes as 
Single Subcutaneous Doses to Healthy Subjects

The primary objective was to compare the bioavailability (BA) of a single subcutaneous 
(SC) dose of APF530 500 mg (10 mg granisetron by extended release (ER)) injected in 
the upper left quadrant (ULQ) of the abdomen (Reference route) to a single SC dose of 
APF530 500 mg (10 mg granisetron by ER) injected into the non-dominant upper arm 
(Test route) in healthy adult subjects.

The secondary objective was to assess the safety and tolerability of APF530 500 mg 
(Reference route: ULQ of the abdomen) and APF530 500 mg (Test route: non-dominant 
upper arm) in healthy adult subjects with each administered as a single SC injection.

Design: phase 1, single-center, randomized, open-label, single dose, 2-period, 2-sequence 
crossover BA study in healthy adult male and female subjects, 18-55 years of age with 
BMI of 18- 35 kg/m2.  There was a washout of 2 weeks between doses

Patient disposition:  120 subjects (56 female subjects and 64 male subjects) were 
randomized and entered period 1.  113 subjects crossed over and entered period 2.

The sample size was based on the primary objective of determining the BE of APF530 
500 mg administered SC via the Test route (in the non-dominant upper arm) versus the 
Reference route (in the ULQ of the abdomen) in healthy subjects under fasting 
conditions.

A sample size of 110 evaluable subjects provided 80% power to show that the 
Test/Reference ratio CI for the log-transformed PK parameters was within the 80.00% to 
125.00% range for BE. The sample size calculation assumed that the ratio was within 5% 
of the Reference and that the CV% was not greater than 52%. Considering the possibility 
of some subjects discontinuing, a total of 120 subjects (60 subjects per treatment arm) 
were enrolled and randomized in the study.

Finished product:  APF530 tri(ethylene glycol) poly(ortho ester) formulation 2% 
granisetron extended release 500 mg injection (containing 10 mg granisetron) in 0.42 mL 
in prefilled syringes, manufactured and filled by Lifecore Biomedical, LLC; Lot #  
025422 (for both reference and test, which differed only by the site of administration of 
the SC injection i.e. abdomen (ref) or upper arm (test))  

PK and statistical analyses:  Blood samples were taken for PK within 30 minutes pre-
dose and at 0.5, 1, 2, 4, 6, 8, 10, 11, 12, 18, 24, 48, 72, 96, 120, 144, and 168 hours 
following administration of study drug in each treatment period. Plasma granisetron 

Reference ID: 3867684
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samples were analyzed in accordance with a validated analytical method by liquid 
chromatography, with tandem mass spectrometric detection (LC-MS/MS) over a 
concentration range of 0.05 to 50.0 ng/mL. The pharmacokinetic (PK) parameters, 
AUC0-t, AUC0-inf, AUC0-24, Cmax, Tmax, kel and t1/2, of granisetron after SC 
administration of AP530 500 mg as 10 mg granisetron ER injection were evaluated for 
each route of administration (Test route and Reference route).  Subjects with sufficient 
data to calculate PK parameters for both routes of treatment were included in the BE 
analysis. Analysis of variance (ANOVA) was performed on the natural logarithms results 
of the AUC0-t, AUC0-inf, and Cmax for granisetron using Statistical Analytical Systems 
(SAS®) Version 9.3. Formal bioequivalence (BE) comparisons were performed using 
90% CIs for the ratios of the population geometric means (GM) of the Test route 
(Treatment B) to the Reference route (Treatment A). The equivalence limits were 80.00% 
to 125.00%.

Protocol deviations: Four subjects are reported to have residual drug remaining in the 
supplied pre-filled syringes after SC administration. These are subjects # 115 (residual 
drug of 55.4 mg during treatment B or test, in period 2), # 117 (residual drug of 79.2 mg 
after treatment A or reference, in period 2), # 121 (residual drug of 173 mg after 
treatment B or test, in period 2), and # 127 (residual drug of 86.7 mg after treatment B or 
test, in period 2). These residual amounts correspond to 11.1 %, 15.8 %, 34.6 % and 17.3 
% in subjects #115, #117, #121, and #127, respectively.  Sponsor notes that “The staff 
administering the APF530 500 mg identified these subjects as not having received the 
full dose because the syringe stopper was not seated completely against the end of the 
syringe barrel at the needle hub following the injection.”

Additional drug administration information: Sponsor clarified in their response to an 
information request that syringe warmers were used for 5 to 6 minutes prior to SC 
administration in all subjects of this trial.  Also, unlike BE trial 2013-03 contents of the 
pre-filled glass syringes were not transferred to tuberculin syringes prior to SC 
administration.

Per sponsor, no subject discontinued the study due to a treatment-emergent-adverse event 
or TEAE.

Results:

Plasma granisetron concentrations were detectable throughout the 168 h sampling period 
after a single subcutaneous injection of Sustol.

PK parameters were generated via SAS 9.3 using sponsor-provided granisetron plasma 
concentration-time data.  No patients were excluded in this analysis.  PK parameters were 
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similar to those provided by the sponsor {A: reference, abdominal SC; B: Test, upper arm 
SC}

Variable TRT N Mean SD Median CV% Geometric Mean

AUCINF_obs A 104 669.27 363.48 600.75 54.31 557.37

AUCINF_obs B 107 716.48 368.02 678.10 51.36 606.19

AUClast A 113 673.78 360.79 600.27 53.55 561.36

AUClast B 113 709.44 355.49 672.81 50.11 603.36

Cl_F_obs A 104 0.02 0.02 0.02 88.83 0.02

Cl_F_obs B 107 0.02 0.02 0.01 90.50 0.02

Cmax A 113 9.78 4.76 9.07 48.71 8.70

Cmax B 113 10.69 4.59 10.20 42.92 9.70

HL_Lambda_z A 104 25.15 12.57 22.81 49.97 22.51

HL_Lambda_z B 107 23.30 9.06 21.18 38.90 21.70

Tmax A 113 24.55 33.93 12.00 138.22 13.89

Tmax B 113 21.03 26.60 11.00 126.50 13.85

Vz_F_obs A 104 0.90 1.30 0.49 144.41 0.58

Vz_F_obs B 107 0.75 1.13 0.48 149.86 0.52

Sponsor provided PK parameters after non-compartmental analyses with and without the 
data from the four patients with residual drug in the syringe after SC injection.  Data does 
not suggest an impact of these individuals on the overall findings.

Reference ID: 3867684
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Bioequivalence (statistical) analysis:  Reviewer analysis using Pharsight Phoenix 
provided the following output.  The 90 % confidence interval lower and upper bounds 
were contained within the average bioequivalence criteria of 80-125 %.  

Parameter T/R (%) 90 % 
CI_LB

90 % 
CI_UB

Cmax 111.52 105.95359 117.37875

AUCT 107.4552 103.72369 111.3209

AUCINF 106.2854 102.37333 110.34692

Sponsor provided statistical analyses (with and without four subjects with residual drug 
in the syringe) are shown below:

Reference ID: 3867684
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Thus, the two sites of administration for subcutaneous injection of Sustol (Reference: 
Abdomen; Test: Upper arm) are bioequivalent with respect to systemic PK.  

Individual profiles are shown below for SC injection of 10 mg granisetron (in 500 mg 
Sustol drug product) via abdomen (A) vs. upper arm (B) in healthy volunteers of study 
2014-01.  Data suggests large inter individual variability in the plasma concentrations as 
previously noted for granisetron PK in general and for Sustol PK in the original 
submission as well as in the study 2013-03 in the current resubmission.  

Reference ID: 3867684
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Overall the point estimates (T/R ratios and the surrounding 90 % CI bounds) suggest that 
injection in the upper arm though demonstrated bioequivalence to abdominal injection, it 
provided higher systemic exposure on average. Individual Test/Reference ratios show 
greater variability in Cmax but comparable AUCs.  Patient # 121 had a T/R ratio of 2-
fold. Although this patient was reported to have residual drug in the syringe (173 mg or ~ 
35 % of the drug product dose) after the test treatment (B), the PK parameters were 
highest during that treatment.  T/R ratios for PK parameters individuals reported to have 
residual drug in one of the treatment period in general appeared within the range noted in 
the study.  

Study 2014-01: Bioanalytical assay report review
Determination of Granisetron in Human Plasma by LC-MS/MS Supporting APPA 
C2014-01

STUDY NUMBER: 431-1401BA

BIOANALYTICAL STUDY DATES:

Study Period was from 30 June 2014 (first subject enrolled) to 03 September 2014 (last 
subject discharged). Dosing dates were between 12 July 2014 through 20 July 2014 for 
period 1, and between 26 July 2014 through 03 August 2014 for period 2.  Between 12 
Aug 2014 and 13 Aug 2014, a total of 4170 human plasma primary samples and 4170 
human plasma backup samples were received frozen on dry ice from  

. The samples were stored in a -70oC freezer until analysis.  
Assay dates were from 13 August 2014 to 05 Sep 2014. All study samples were analyzed 
within the established long term stability of 59 days at -70oC.  A total of 4057 primary 
samples were analyzed in 32 runs.

Calibration standard samples at eight concentration levels (0.05, 0.1, 0.5, 1.5, 5, 15, 45, 
and 50 ng/mL) were prepared. Quality control samples at four concentration levels (0.15, 
2.5, 22.5, and 40 ng/mL) were prepared and stored at -70oC. Linear regression analysis 
calculations were performed with 1/x2 weighting.

Results:

Method performance:  The %CV of the QCs for granisetron at 0.150, 2.50, 22.5, and 40.0 
ng/mL ranged from 3.4% to 5.1% while %RE ranged from 1.3% to 4.4%. All reported 
runs met data acceptability criteria per SOPs.

Back-calculated standards:

Reference ID: 3867684
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QC samples in human plasma:

Incurred sample reproducibility:

1. Incurred Sample Reproducibility Assessment

A total of 274 samples from 92 subjects were selected to assess incurred sample 
reproducibility. Samples were analyzed in singlet at the same dilution as the original 
assay. The samples and analyte of interest were specified in the batch records for each 
run that included incurred sample reassays. The samples selected for incurred sample 
reassay were covered by long-term storage stability established during method validation.

2. Incurred Sample Reproducibility Criteria

The allowable percent difference between the original result and the assay performed to 
assess reproducibility is ±20% for chromatographic assays. The difference is calculated 
as follows:

% Difference = ((Reassay – Original)/Average of Reassay and Original) x 100

The incurred sample reproducibility assessment is considered satisfied if two-thirds of the 
samples evaluated meet the acceptance criteria.

If the incurred sample reproducibility test meets the acceptance criteria but there are 
samples with a significant difference (greater than ±50%) between the original result and 
the incurred sample reproducibility result, a duplicate reanalysis will be conducted and 
reported according to SOP -BA-003.

ISR results: Of the 274 samples selected to assess incurred sample reproducibility, 98.2% 
met the acceptance criteria for granisetron. As per  SOP LP-032, the incurred sample 
reproducibility assessment is acceptable since greater than two-thirds of the samples 
evaluated met pre-specified acceptance criteria.

Reference ID: 3867684
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Conclusion:  Plasma granisetron concentrations obtained from study 2014-01 are 
suitable for further evaluation of PK and bioequivalence assessment. 

Reference ID: 3867684
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Addendum to C2011-02: Metabolic fate of the novel TEG-POE polymer in 
SUSTOL-Reanalysis of bioanalytical samples for TEG, TEG-COOH and PEMPA 
using newly validated methods

Limitation:  For TEG and TEG-acid, the established long-term storage stability at -20oC 
and -70oC in the human urine samples is 105 days, while for PEMPA, it is 36 days. Re-
analyses were done on urine samples outside the established storage stability.  A total of 
903 days of long-term storage stability is required to cover the storage of the human urine 
study samples at –20 °C (±10 °C). Sponsor notes that additional long-term storage 
stability testing is currently ongoing.

Introduction:  Sponsor provided additional information on novel TEG-POE polymer 
metabolic fate, as an addendum to study C2011-02.  This addendum provides a summary 
of the reanalysis of urine samples for TEG and TEG monocarboxylic acid (TEG-COOH 
or TEG acid) collected from healthy subjects administered APF530 in study C2011-02. 
Sponsor notes that they’ve used validated methods to “substantially improve 
quantification of TEG acid”.

The addendum provides the reanalysis of human urine samples for TEG and TEG-COOH 
and pentaerythritol monopropionate, PEMPA. The method for quantitation of TEG-
COOH was improved by using a deuterated TEG-COOH reference standard with higher 
purity, as determined by NMR. The use of deuterated PEMPA standard allowed for the 
analysis of the pentaerythritol metabolite in human urine. Both of these LC-MS/MS 
analytical methods were validated prior to use.

Analyses were conducted on human urine samples from study C2011-02 that were stored 
at -80°C. TEG acid stability in urine was demonstrated for 105 days at -20°C and -70°C. 
Sponsor notes that “the reanalysis of the urine for TEG indicated similar values to the 
original value, suggesting that the analytes in the stored urine samples were stable”.  
Additional long-term storage stability data are being generated (see limitation above).

The calibration curve range was 0.100 – 50.0 μg/mL for TEG and 0.500 –50.0 μg/mL for 
TEG acid. Four pools of quality control samples containing 0.100/0.500, 0.300/1.50, 
15.0/15.0, and 40.0/40.0 μg/mL of the analytes (TEG/TEG acid) were prepared in control 
human urine.

The calibration curve range was 0.1 – 5.0 μg/mL for PEMPA. Four pools of quality 
control samples containing 0.1, 0.3, 1.5 and 3.8 μg/mL of the analyte were prepared in 
control human urine.

Results:

Reference ID: 3867684



35

In the original analysis, no hydrolysis products could be measured in the plasma, and 
urinary excretion of TEG and TEG-COOH accounted for about 40% of the theoretical 
amount of TEG in the APF530 dose eliminated in the urine over 10 days.

In the reanalysis, using newly validated analytical methodology, a mean of 68% (of 
theoretical) total TEG (TEG and TEG acid) was recovered from the urine.  A theoretical 
total TEG is based on complete metabolism of the polymer yielding 323.1 mg TEG. Thus 
individual recovery of total TEG ranged from 50.1 to 88.2 % of theoretical yield.

Recovery of TEG itself increased only slightly upon re-analysis with a new internal 
standard.  But total average percent recovery increased from approximately 40 % to 68 % 
with the new analyses due to ability to quantify TEG acid.  

Recovery of PEMPA was addressed as % total pentaerythritol (theoretical yield of 263.6 
mg).  Analysis of the urine for PEMPA indicated that an additional mean of 4.6% PE was 
accounted for in the form of PEMPA. The overall recovery of PE (as either PE or 
PEMPA) ranged from 40 to 67%, with a mean recovery of 57% (of the theoretical yield 
assuming complete hydrolysis).

Based on the composition of the TEG-POE polymer, each 1000 mg (twice the proposed 
dose) of APF530 should yield 323 mg of TEG, 264 mg of PE, 287 mg of PA, and 65 mg 
of GA (XP-1157-079).

Consolidating recovery based on renalyses and the original study results:  No breakdown 
products could be detected in plasma.  In urine, propionic acid couldn’t be recovered due 
to poor analytical sensitivity. It is expected to form in amounts similar to TEG. Glycolic 
acid levels were similar to endogenous concentrations.   In urine, total TEG recovery (as 
TEG and TEG acid) was ~ 40 % of theoretical yield (~ 131 mg).  In urine, pentaerythritol 
recovery was ~ 52.3 % of theoretical yield (138 mg).  

Considering that the drug product has 2 % granisetron in APF18A polymer, the total dose 
of polymer was 980 mg in this study.  Of this, the novel TEG-POE polymer constitutes a 
dose of 784 mg.  Of this dose, ~ 34 % of the polymer dose has been recovered in the form 
of TEG (138 mg) and PE (131 mg) during the original analyses of urine samples from 
study C2011-02.  

With the reanalyses, additional 28 % of TEG, primarily as TEG-COOH (i.e. 68 % 
recovery of theoretical yield of TEG; 223 mg), and an additional ~ 4.6 % of 
pentaerythritol, as PEMPA (i.e. 57 % recovery of theoretical yield of PE; 143 mg) could 
be recovered. Thus, overall the recovery with these reanalyses is 46.6 % of the novel 
polymer load in the total dose of APF530 administered.  Thus, the overall recovery has 
been improved by 13 % with the re-analyses. 
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Inability to detect propionic acid due to analytical issues is likely to be a major aspect of 
the incomplete recovery, as PA was expected to form at amounts similar to TEG. The 
other aspects in explaining the incomplete recovery include the sampling duration used 
(10 days), which may not have been adequate to fully characterize the analyte profiles, as 
well as lack of adequate analytical sensitivity.  

Analytical validation summary: TEG and TEG-Acid:  

LC-MS/MS methods for quantitation of TEG and TEG acid used stably-labeled internal 
standards, TEG-d4, and TEG acid-d4, respectively. The analytes and internal standards 
TEG-d4 and TEG acid-d4 were extracted from human urine by protein precipitation. 
After evaporation to dryness and reconstitution, the extracts were analyzed by LC-
MS/MS.  Calibration curves with ten points (in duplicate) for TEG and eight points (in 
duplicate) for TEG acid were prepared fresh in control human urine for all data sets. The 
calibration curve range was 0.100 – 50.0 μg/mL for TEG and 0.500 – 50.0 μg/mL for 
TEG acid. Quadratic regression, weighted 1/x2, was used for TEG. Linear regression, 
weighted 1/x2, was used for TEG acid.

LC-MS/MS assay method validation results are summarized in the  bioanalytical 
method validation report ).

Method Validation Report for the Determination of Triethylene Glycol (TEG) and TEG 
Acid in Human Urine Using LC-MS/MS:

Laboratory:  

A full validation study was conducted with a calibration range of 0.100 – 50.0 μg/mL for 
TEG and 0.500 – 50.0 μg/mL for TEG acid. Due to the presence of background TEG in 
matrix blanks at levels near or above 20% of the TEG peak response in 0.100 μg/mL 
standards, a subsequent partial validation was conducted to raise the LLOQ for TEG to 
0.200 μg/mL. Since extract stability and re-injection stability at room temperature were 
not established for TEG in the full validation study, extracts were maintained at 
refrigerated temperature conditions (before analysis, and at the autoinjector) for the 
partial validation. Refrigerated stability of TEG in extracts has been demonstrated. In 
addition, a restriction was added to the finalized Bioanalytical Procedure that extracts 
may not be re-injected for TEG analysis, since re-injection stability was not established 
for TEG during the validation.

Partial validation summary table:
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Full validation summary table TEG and TEG-Acid:
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Additionally, TEG acid stability in urine was demonstrated for 105 days at -20°C and -
70°C.

Analytical validation summary: PEMPA

An LC-MS/MS method for quantitation of PEMPA employed the use of a stably-labeled 
internal standard PEMPA-d5. The analytes and internal standard were extracted from 
human urine by protein precipitation. After evaporation to dryness and reconstitution, the 
extracts were analyzed by LC-MS/MS. The extraction and analysis procedures are 
detailed in 

Method Validation Report for the Determination of Pentaerythritol Monopropionate in 
Human Urine Using LC-MS/MS: Calibration curves with eight points (in duplicate) were 
prepared fresh for all data sets. The calibration curve range was 0.100 – 5.00 μg/mL. 
Linear regression, weighted 1/x2, was used.  
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Bioanalytical report for the analysis of TEG and TEG Acid in human urine from study 
C2011-02:

336 human urine samples received and stored at -20oC at  
 on 12/21/2011 were extracted and analyzed 

between March 12-May 29, 2014.  

For TEG and TEG-acid, the reported long-term storage stability for the urine samples 
was 105 days, while for PEMPA, it is 36 days. Thus analyses were done on samples 
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outside the established storage stability.  A total of 903 days of long-term storage stability 
is required to cover the storage of the human urine study samples at –20 °C (±10 °C). 
Sponsor notes that additional long-term storage stability testing is currently ongoing.

Validated LC-MS/MS method previously described was used for reanalysis. All 
calibration and quality control samples included in the analysis batches provided 
acceptable results. 

Incurred sample reproducibility (ISR) was assessed by analyzing 81 samples. Sponsor 
notes that initial ISR batch failed due to unknown reasons. After ascertaining that sub-
aliquoting the original vial and centrifugation of these smaller aliquots was not the cause, 
sponsor notes that they reanalyzed the original 40 ISR samples, along with 20 additional 
samples in a second ISR batch which passed the acceptance criteria. An additional 21 
ISR samples were run again in a third batch which also passed the acceptance criteria for 
ISR (2/3rd within ±20 %) for both analytes.  Since the same ISR samples passed during a 
second run, it doesn’t appear that sample stability issues, if any on long term storage 
could explain the failed ISR batch in the first run.
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OFFICE OF CLINICAL PHARMACOLOGY REVIEW 
 

NDA: 22445  Submission Date(s): 09/27/2012; 01/09/2013 

Brand Name SUSTOL® 

Generic Name Granisetron ; APF530

Reviewer Sandhya Apparaju, Ph.D. 

Team Leader Sue Chih Lee, Ph.D. 

OCP Division DCP3 

OND Division DGIEP 

Sponsor A.P. Pharma 

Relevant IND(s) 68213 

Submission Type; Code Class 2 Resubmission 

Formulation; Strength(s) Viscous injectable preparation containing 2 % 
Granisetron in a polymeric vehicle  for 
subcutaneous injection; Each 500 mg injection 
delivers 10 mg granisetron 

Indication Prevention of acute and delayed chemotherapy-
induced nausea and vomiting (CINV) 

 
Recommendation and Review Conclusions: The class 2 Resubmission for NDA 22445 
[SUSTOL (2 % granisetron for subcutaneous injection in CINV; submitted 09/27/2012] 
is acceptable from a Clinical Pharmacology perspective.  
 
The following Clinical/Clinical Pharmacology deficiencies were communicated to the 
sponsor following cycle 1 review in a CR letter dated March 16, 2010: 
 
# 22. Your justification for your request to waive the thorough QT study is not acceptable 
because APF530 has demonstrated a higher pattern of granisetron exposure than other 
granisetron formulations. 
 
# 23. You have not adequately identified, characterized and quantified the specific 
breakdown products of  in humans and have not adequately addressed the safety 
implications in humans. To address this deficiency you should identify, characterize, and 
quantify specific breakdown products of in the plasma, urine, and injection site 
in humans and the time course of their elimination using validated assay methods (non-
radiometric). We recommend that you submit the protocol, including the validated assay 
methods, for the above study for review and evaluation prior to initiating the study. 
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Resolution of CR issues # 22: QT prolongation potential 

 
Issue # 22 pertaining to the QT prolongation potential has been addressed by the 

submission of a completed thorough QT study report C2011-01 in this resubmission.  The 
inter-disciplinary QT team has reviewed the study findings (review in DARRTS by Dr. 
Janice B. Brodsky, finalized on 01/02/2013).  The review concludes that “No significant 
QTc prolongation effect of APF530 or granisetron was detected in this TQT study”.   
 
Resolution of CR issue # 23:  Polymer fate 

 
Clinical Pharmacology discipline considers that CR issue # 23 has been 

adequately addressed via the conduct of the polymer fate study C2011-02.  This study 
conducted in healthy volunteers evaluated the polymeric breakdown products in plasma 
and urine for 10 days following administration of a single dose of SUSTOL (at twice the 
proposed clinical dose) using non-radiometric assay methods as per the initial CR 
request.  Sampling at the injection site was not pursued in this study due to the difficulty 
associated with such sampling over an extended period.  Overall, the evaluation of the 
metabolic fate of the novel polymer appears to have been conducted by the sponsor using 
due diligence. Despite incomplete recovery (~ 1/3rd) of the injected polymer load in these 
study subjects, the study findings improve our understanding of the polymer’s in vivo 
fate and confirm qualitatively the metabolites previously noted in the exploratory and 
nonclinical investigations. The lack of complete recovery could be due to incomplete 
sampling (beyond 10 days after injection).  The safety of the drug product (that includes 
the polymers in question) in general should be adequately supported through clinical trial 
safety data of product use despite limitations of the polymer fate study.   

The potential for further in vivo degradation of the SUSTOL excipients, 
particularly of MPEG (added at a 20 % concentration to the vehicle) to EG, DEG and 
their toxic metabolites has also been explored by review of NDA information and 
literature data.  With the exception of glycolic acid (GA) that was adequately assayed in 
the completed study, EG, DEG and their other metabolites have not been directly 
assessed.   

However, literature strongly supports that glycolic acid, GA is primarily 
responsible for the clinical consequences of EG toxicity in cases of its accidental or 
intentional poisoning due to its accumulation and rate limited conversion. The 
concentration of GA is well correlated to the incidence of anion gap.  Using a well-
validated LC-MS/MS assay with an LLOQ of 3 µg/ml, glycolic acid was not detectable 
in the plasma of the polymer fate study volunteers who were administered twice the 
clinical dose of SUSTOL. Thus it doesn’t appear plausible that the systemic levels of GA 
would rise from virtually undetectable levels to toxic concentrations (≥ 980 µg/mL), even 
with a complete (100 %) recovery of the polymer dose.   

With respect to other potential metabolites of EG and DEG, due to lack of 
knowledge for systemic levels associated with toxicity, we are at present unable to 
recommend another in vivo study to evaluate these metabolites. Without specific 
knowledge of concentrations of interest, the clinical interpretation of any observed data 
would not be possible.  Thus we recommend relying primarily on the absence of non-
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clinical toxicity, lack of clinical safety signals and the lack of detectable glycolic acid to 
establish overall product safety in this regard. 

There was no evidence of toxicity in non-clinical studies of SUSTOL (other than 
injection site reactions) at doses several fold greater than the proposed clinical dose (see 
non-clinical review by Dr. Tamal Chakraborti and Dr. Sushanta Chakder).  There also 
appear to be no clinical safety signals with SUSTOL use that would suggest the presence 
of EG and DEG or their toxic metabolites at significant levels (see clinical review by Dr. 
Karyn Berry and Dr. Ruyi He).  Thus the basis to recommend the conduct of a new 
polymer fate study to establish complete recovery of the polymer and to evaluate 
additional metabolites of EG, DEG following SUSTOL dosing is inadequate at this time.  
DCP3 management (Dr. Edward D. Bashaw and Dr. Hae Young Ahn) also concur that 
additional Clinical Pharmacology study to evaluate polymer fate or additional metabolites 
does not appear to be necessary at this time (internal discussion; February 26, 2013). 

If a clinical safety signal is however eventually identified (e.g. findings of 
significant changes in anion gap, evidence of renal injury etc), Clinical Pharmacology 
discipline will discuss and support the conduct of a study to explore the causality as 
necessary. 
 
Introduction:  APF530 [proposed trade name SUSTOL®] has been developed for 
prevention of acute and delayed chemotherapy-induced nausea and vomiting, CINV. It is 
a novel polymeric formulation of granisetron, a serotonin-3 (5-HT3) receptor antagonist, 
for subcutaneous injection.  Granisetron is currently approved in injectable, oral and 
transdermal formulations.  

APF530 consists of 2% granisetron in a polymer vehicle, . The primary 
component of  is the triethylene glycol poly(ortho ester) polymer (TEG-POE or 
AP135; 80 %) and the minor component is methoxy polyethylene glycol, MPEG (20 %), 
an NF excipient  The TEG-
POE polymer is designed for a controlled hydrolysis resulting in sustained release of 
granisetron to prevent nausea and vomiting during acute and delayed phases following 
chemotherapy.  APF530 is provided in a pre-filled glass syringe and is delivered by a 
single subcutaneous injection in the abdominal region approximately 30 minutes prior to 
initiation of chemotherapy treatment.  The proposed single dose is 500 mg of polymeric 
injection, containing 10 mg of granisetron.  In clinical trials, the drug was administered 
for four consecutive chemotherapy cycles, with a minimum interval between doses of 7 
days and a maximum interval of 28 days. 
 
Regulatory Status: The current application is a class 2 resubmission (submitted 
09/27/2012) of NDA 22-445 (dated 14 May 2009). In this resubmission, the sponsor 
(A.P. Pharma) has provided their responses to the deficiencies identified in the FDA 
Complete Response Letter (dated 16 March 2010). 
 
Formulation:  Proposed formulation of APF530 is summarized in the table below: 
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Proposed Indications: The proposed indications for APF530 are 
• Moderately emetogenic cancer chemotherapy -- prevention of acute and delayed nausea 
and vomiting associated with initial and repeat courses 
• Highly emetogenic cancer chemotherapy -- prevention of acute nausea and vomiting 
associated with initial and repeat courses 
 
Clinical Pharmacology contents of resubmission:  

• Review Item # 1: In the CR letter for the original NDA cycle, the FDA requested 
a clinical study to assess the fate of the novel polymer after subcutaneous 
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injection. Subsequently, the sponsor conducted the polymer metabolic fate study 
C2011-02 in healthy volunteers, in general agreement with agency’s 
recommendations subsequent to the review of the protocol and ensuing advice 
letters (24AUG2011, 30NOV2011). The complete report for the polymer fate 
study (C2011-02) has been reviewed, including the analytical method validation 
and assay reports for the analytes explored.  

 
• Review Item # 2: The potential for formation of ethylene glycol EG, diethylene 

glycol DEG and their toxic metabolites (e.g. glycolic acid) after dosing with 
SUSTOL was explored during this review due to a theoretical likelihood (i.e. 
from subsequent breakdown of TEG or MPEG].  Literature evidence and in-house 
non-clinical and clinical metabolic degradation data for SUSTOL was reviewed.  
Evidence for safety signals that may be generally attributed to accumulation of 
such moieties/metabolites was also sought in non-clinical or clinical studies of 
SUSTOL (e.g. metabolic acidosis, anion gap, renal injury, hepatotoxicity, 
neurotoxicity etc). Information requests were also sent to the sponsor to obtain 
additional information to explore this issue. Sponsor’s response to Clinical 
Pharmacology information request in this regard was submitted on January 9, 
2013 and has been reviewed. 

• Review Item # 3: The proposed labeling was reviewed from a Clinical 
Pharmacology perspective and changes were proposed based on the findings from 
the original NDA review by Dr. Jane Bai and from the resubmission contents.  

 
labeling may not be finalized during this cycle.  If it is, an addendum to address 
any major changes to the Clinical Pharmacology contents of the labeling will be 
entered into DARRTS at that time. 

 
Summary of Important Clinical Pharmacology Findings (Resubmission): 
 
For additional details please refer to the complete study review C2011-02 in the 
appendices. 
 
Review Item I:  A Randomized, Placebo-Controlled, Single-Dose Study to Examine the 
Fate of the Polymer of APF530 in Healthy Subjects (C2011-02)  
 
Study design:  This was a Phase 1, single-blind, randomized, single-site, single-dose 
study in 14 healthy male and female subjects (18- 50 years) to evaluate the metabolic fate 
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of the novel polymer in APF530 (primary objective) and to assess PK of granisetron, 
safety, tolerability and injection site reactions (secondary objectives) in healthy 
volunteers.   Subjects were randomized to receive either APF530 or placebo via 
subcutaneous injection. A pre-injection anesthetic (Lidocaine and Prilocaine Cream 
2.5%/2.5%) was applied to the abdominal SC injection site before study drug 
administration. Study drug was administered in the morning on Day 1 as shown: 
 
Regimen A: The primary active regimen (administered at time 0) consisted of 1000 mg of 
APF530 (20 mg granisetron) administered as SC injections (0.84 mL in 2 injections of 
0.42 mL each) in 2 different abdominal quadrants. 
 
Regimen B: The placebo control regimen (administered at time 0) consisted of placebo 
(0.9% normal saline) administered as SC injections (0.84 mL in 2 injections of 0.42 mL 
each) in 2 different abdominal quadrants. 
 
A group of placebo subjects was included to determine if the study environment (e.g., 
diet, cosmetics) had any measurable effect on the apparent concentrations of the 
hydrolytic products for up to 10 days after study drug administration. 
 
Blood and urine samples were collected throughout the 12-day period (includes 2 days of 
baseline period to determine the pre-dose levels of each analyte explored) and analyzed 
using validated bioanalytical methods to evaluate the pharmacokinetic (PK) parameters 
and elimination of granisetron and the TEG-POE polymer hydrolysis products. Urine 
samples were collected in 12 h intervals throughout the duration.  Safety assessments 
consisted of AEs, including SC injection site reactions, clinical laboratory results, vital 
sign measurements, 12-lead ECG results, and physical examination findings. 
 
The analytical methodologies (LC-MS/MS) employed were found to be adequately 
validated.  Four primary analytes of interest were selected based on the exploratory 
incubtations (aqueous and plasma) and non-clinical investigations of polymer breakdown.  
The LLOQ (analytical sensitivity) for these four major analytes was as follows:   
 

• Plasma analytes (LLOQ):  Triethylene glycol, TEG (0.2 µg/mL); Pentaerythritol, 
PE (0.5 µg/mL); Propionic acid, PA (10 µg/mL); Glycolic acid, GA (3 µg/mL) 

• Urine analytes (LLOQ):  Triethylene glycol, TEG (0.1 µg/mL); Pentaerythritol, 
PE (1 µg/mL); Propionic acid, PA (10 µg/mL); Glycolic acid, GA (2 µg/mL) 

 
Additionally, 22 potential sequential metabolites of the primary analytes, as well as 
potential phase 2 conjugation products of the polymer metabolites were also explored in 
pooled samples of plasma and urine.  Identify and concentrations of such analytes were 
confirmed if evidence of their presence was noted in pooled sample analyses. 
 
Study results: 
 
Plasma concentrations:  For the putative polymeric metabolites PE, TEG, PA and GA the 
plasma concentrations were all below the limit of detection as evidenced by the 
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chromatographic peaks below LOQ established for each moiety.  Data suggests lack of 
accumulation of analytes in plasma. 
 
Urine excretion data:  Detectable concentrations of PE, TEG and GA were noted in the 
urine samples collected in 12 h intervals starting at time 0 on day 1 up to 10 days post-
dose.  The cumulative excretion rates could be calculated from the urinary concentrations 
and collection volumes.  Propionic acid, PA could not be detected in urine possibly due 
to lack of adequate assay sensitivity in this regard. 

PE and TEG levels were absent during baseline urine collections suggesting that 
the source of these moieties was entirely from the polymeric injection.  Glycolic acid, GA 
levels were noted at baseline and the post-dose levels for the drug vs. placebo group were 
comparable suggesting the absence of significant increases over baseline with respect to 
this moiety following SUSTOL administration [potential sources of glycolic acid in the 
polymer included breakdown of TEG-POE and MPEG].  Sponsor notes that glycolic acid 
levels appearing in placebo patients and at baseline are from endogenous or exogenous 
(diet, cosmetic etc) sources. 
 
The cumulative urinary excretion data and plots for the major analytes are shown below: 
 
Triethylene glycol, TEG:  Following a 1000 mg (twice the clinical dose) of APF530, the 
mean (CV%) total amount of TEG excreted in the urine over 10 days was 37.1 mg (27% 
CV). In a subsequent exploratory analysis of pooled urine from all subjects it was found 
that an additional 29% of TEG was eliminated as its metabolite, TEG-monocarboxylic 
acid (TEG-COOH). Thus the total amount of TEG related moieties (unchanged TEG, and 
monocarboxylate) in urine was ~ 131 mg in this study  
 
(Note that the profile below only shows the cumulative recovery of unchanged TEG in 
urine and doesn’t include the monocarboxylate later on identified and confirmed during 
exploratory analyses) 
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Pentaerythritol, PE:  Following a 1000 mg (twice the clinical dose) of APF530, the mean 
(percent coefficient of variation [CV%]) total amount of the PE excreted in the urine over 
10 days was 138 mg (17% CV).  The excretion of PE was not complete at the end of 10 
days of sampling time and therefore further excretion and therefore recovery can be 
expected which couldn’t be captured with this study design. 
 
 

 
 
Glycolic Acid, GA: Glycolic acid was detected at baseline in both test and placebo 
groups.  In addition, the mean profiles for post-dose glycolic acid excretion in urine 
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couldn’t be differentiated between the drug and placebo patients.  This may suggest 
significant increase of GA over baseline subsequent with SUSTOL injection. 

 
 
Exploratory analyses:  Twenty-two (22) potential Phase I and Phase II metabolites were 
monitored in the pooled plasma and urine samples from study C2011-02 (see study 
C2011-02 review in appendix for details). Small amounts of TEG-COOH were detected 
in pooled plasma samples. Other than endogenous propionyl carnitine and propionyl 
glycine, no other putative metabolites of PE, TEG, or PA were identified in plasma 
during the metabolite screening by mass spectroscopy.  In urine, of the twenty-two 
targeted metabolites screened, one partial hydrolysis product of PE (PE monopropionate) 
and one TEG metabolite (TEG-COOH) were detected.   

Pooled human urine samples were also treated with β-glucuronidase to release O-
glucuronides of TEG and PE. No significant increase in TEG or PE was observed with β-
glucuronidase treatment confirming the screening results that showed no significant 
presence of O-glucuronides. An alkaline hydrolysis experiment was also conducted with 
the pooled human urine samples to monitor for possible intermediate hydrolysis products 
of the TEGPOE polymer APF530 (between the intact polymer and key degradation 
products) and for acyl glucuronides of putative TEG and PE acid metabolites. No 
significant concentrations of intermediate hydrolysis products or acyl glucuronides were 
detected. 
 
PK of granisetron:  Granisetron (at twice the clinical dose) concentrations were noted in 
all individuals dosed with drug product. 
 
Mean plasma concentration-time profiles for 1000 mg (1 g) of APF530 (20 mg 
granisetron) administered SC: 
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Review comments pertaining to polymer fate study C2011-02:  Following single 
subcutaneous injection of 20 mg granisetron (i.e. twice the proposed clinical dose) in a 
total 1000 mg polymeric formulation APF530, plasma concentrations of the metabolites 
of interest were below detection limit.  Urinary concentrations were more readily 
quantifiable for TEG and PE using the available assay methods in the 12 h-interval urine 
collections over 12 days (including 2 days of baseline sampling).  Several targeted 
metabolites of the polymer including those from phase 2 metabolic processes were 
monitored but couldn’t be identified during this study, with the exception of TEG-COOH 
in urine and small amounts of PE-monopropionate.   
 
The following were the significant recovery amounts of metabolites from the polymer 
fate study C2011-02, following a 1000 mg dose of APF530 (containing ~ 784 mg of 
novel TEG-POE polymer and 196 mg of MPEG and 20 mg granisetron): 

• Pentaerythritol, PE:    138.0 mg  
• Total TEG (TEG and TEG-COOH):   130.6 mg 

 
Sponsor also estimated the molar ratio of TEG and PE in urine over time and found that 
both were formed in a consistent proportion across individuals and throughout the 
sampling duration.  The molar ratio for total TEG to PE (1: 0.9) was consistent to what 
was predicted based on theoretical estimations (1: 0.8).  Sponsor notes that the constant 
ratio of TEG to PE in urine over the time course of the study is consistent with the 
expectation that TEG and PE are generated at equivalent rates as predicted from the 
hydrolytic breakdown pathway as well as findings from in vitro hydrolysis studies. 
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Discussion of recovery in terms of dose administered:  A complete recovery of the 
polymeric dose was not achieved in this study.  Considering that the drug product has 2 
% granisetron in  polymer, the total dose of polymer was 980 mg in this study.  
Of this, the novel TEG-POE polymer constitutes a dose of 784 mg (80 %).  Thus total 
recovery in the form of TEG, TEG-COOH and PE was ~ 34 % (considering the load of 
the novel TEG-POE polymer only) or 27 % (considering entire excipient load that 
includes MPEG .   

Sampling beyond 10 days may have been useful in accounting for more of the 
polymer dose considering its design to breakdown in a sustained manner.  The polymeric 
injection is found to form nodule under the skin that lasted for several days in study 
patients, suggestive of presence of polymeric depot that continues to undergo hydrolysis.  
Other reasons for incomplete recovery may include poor assay sensitivity (e.g.  propionic 
acid which was expected to form at levels comparable to TEG based on preclinical data).  
Thus approximately one-third of the polymer dose was accounted during the 10 days of 
sampling in this single dose fate study.   
 
Overall conclusions:  The polymer fate study C2011-02 in healthy volunteers didn’t 
account for the complete recovery of the polymer dose injected subcutaneously based on 
analyses of plasma and urine samples collected over 10 days.  The study however, 
indicated that there is no significant accumulation of hydrolytic metabolites in plasma 
and confirmed the expected formation of TEG and pentaerythritol (also noted in the in 
vitro/ex vivo studies) based on urinary recovery.  The formation of unchanged TEG, and 
TEG-monocarboxylate are also consistent with preclinical studies using oral or 
subcutaneous doses of TEG (see Item II below).  The presence of granisetron 
concentrations at expected levels in all study participants confirms successful injection of 
the polymeric product and the resultant release and uptake of drug into systemic 
circulation.   

Overall, reviewer believes that study C2011-02 was conducted by the sponsor 
with due diligence and despite incomplete recovery (perhaps due to lack of sampling 
after 10 days) has enhanced our understanding of the in vivo fate of the novel polymer 
following subcutaneous injection of SUSTOL. 

 
Review Item II:  This review activity addresses the following 1) Exploring the potential 
for in vivo formation of ethylene glycol EG, diethylene glycol DEG and their metabolites 
following SUSTOL injection 2) exploring the presence of any non-clinical signals of 
toxicity and clinical safety signals that may be attributed to accumulation of EG, DEG 
and metabolites following SUSTOL and 3) assessing need for further investigations in 
this regard from a Clinical Pharmacology perspective:   
 
Monomers and dimers of ethylene oxide (EG, DEG) and their metabolites such as 
glyoxylic acid, glycoaldehyde, oxalic acid, 2-hydroxyethoxyacetic acid and diglycolic 
acid were not measured in the polymer fate study (with the exception of glycolic acid, 
GA).  In order to address whether there exists a potential for the SUSTOL excipients 
(such as TEG-POE, MPEG) to convert into such lower glycols and their metabolites, 
additional information was sought from the sponsor and relevant literature was reviewed.  
In addition, internal discussions were conducted with the inter-disciplinary product 
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review team to determine whether there was non-clinical evidence of metabolic 
degradation of the polymer excipients to these potentially toxic moieties and whether 
there were non-clinical or clinical toxicities with the use of SUSTOL or its polymer that 
are typically attributed to these moieties.  
 
Chemical Degradation Potential:  Sponsor used literature based evidence as well as in-
house data to claim that the formation of EG and DEG in the drug product itself during 
manufacturing and storage is not likely. During retrospective analyses of 6 lots of drug 
product (APF530) EG and DEG were either not detected or found at levels near the limit 
of quantitation consistent with the trace levels of EG and DEG present in the raw material 
used in the manufacture of the drug product .   
Chemical degradation aspect will be controlled through product specifications set by 
reviewing chemists. Please see the CMC review for further information. 
 
Metabolic (in vivo) degradation of TEG:  Sponsor contends that the metabolism of TEG 
involves oxidation of the alcohol groups present on the TEG to carboxylic acids 
(references cited are McKennis et al 1962, and Ballantyne et al 2007). After oral 
administration of TEG to rats and rabbits, TEG is excreted in both the unchanged and 
oxidized form (carboxylic acid). After, oral administration of 14C-TEG to rats, only trace 
amounts of 14C is found as expired carbon dioxide. The majority of the 14C is found in the 
urine as TEG, TEG monocarboxylic acid and TEG dicarboxylic acid. Data from 
fractionated urine indicated that only trace amounts of 14C were present as oxalic acid. 
 
Toxicology update of TEG by Ballantyne et al, also references back to the McKinney 
paper and also addresses the clinical toxicology of TEG as noted in the excerpts below: 
 
“Clinical Toxicology: Repeated dosing studies with TEG by the peroral route did not 
provide any evidence that TEG causes renal injury and/or severe metabolic disturbances, 
as is the case with ethylene and diethylene glycols (Barceloux et al., 1999; Hewlett et al., 
1989; Jacobsen and McMartin, 1986). There have been no documented cases of 
poisoning by swallowing TEG alone, and the few cases reported for swallowing of TEG 
are complicated by the presence of other toxic materials”. 
 
Sponsor further notes that “As seen in the metabolic fate study (C2011-02), TEG is 
released, via hydrolysis, from the polyortho ester polymer (AP135) in the drug product 
(APF530) after injection into the body. Analysis of urine collected from subjects 
identified free TEG and TEG mono-carboxylic acid as the sole TEG metabolite, 
consistent with the published literature. On a daily basis, the molar ratio in urine of TEG 
plus TEG monocarboxylic acid to pentaerythritol, approached the theoretical molar ratio 
of approximately one to one indicating that the vast majority of the TEG is excreted 
without conversion to lower glycols (EG and DEG), consistent with the known metabolic 
pathways”. The data presented by the sponsor from literature (McKinney et al) as well as 
the data generated in the present healthy volunteer polymer fate study (C2011-02) 
compare qualitatively with respect to the identity of metabolites (TEG, TEG-COOH).  .   
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With regard to preclinical metabolism and toxicity of novel polymer, the non-clinical 
review team (Dr. Tamal Chakraborti, and Dr. Sushanta Chakder, TL) provided the 
following information:  
 
Metabolism and pre-clinical toxicity findings following 14C-labeled SUSTOL (APF530) 
or polymer  administration in non-clinical species:   

 
• The sponsor conducted metabolic profiling study with 14C-  (polymeric 

vehicle of APF530) in rats by SC route. Profiling of the 14C- -derived 
radioactivity in the urine samples showed two peaks (a major and a minor peak). 
The major peak showed chromatographic characteristics consistent with 
triethylene glycol (TEG), while the minor peak was not identified.  In rats, 
excretion of radioactivity was slow. About 80% of the administered dose was 
excreted in the urine by Day 6.   The position of the 14C-radiolabel in the material 
for all ADME studies in preclinical models was at the C-1 position of the 
monomer triethylene glycol (TEG) that was used in the synthesis of the polymer 
TEG-POE (AP135).  This radio-labeled TEG was then used to formulate 14C-

 and 14C-APF530 for the non-clinical ADME studies.  Sponsor noted that 
while the major peak in the metabolic profiling study in rats showed 
characteristics consistent with TEG, the unidentified minor peak that was noted as 
a shoulder on the major peak was also observed in control urine spiked with 14C-

, and was therefore assumed to be present in the starting material.  
• In preclinical toxicity studies in rats and dogs, there was no significant treatment-

related toxicity other than injection site reactions.  No evidence of neurological, 
renal or hepatic toxicity, metabolic acidosis etc was noted in nonclinical studies 
that may be attributable to toxic metabolites of EG, DEG.  The primary target 
organ of toxicity in these studies was the injection site reactions (edema, 
hemorrhage, fibrosis, erosion/ulceration, degeneration/necrosis, inflammation, 
etc.) occurring at more frequency in the polymer group compared to the saline 
control.  In the 28-day SC toxicity studies in rats and dogs, the frequency of 
administration was once every 72 hours. In the 3-month SC toxicity studies in rats 
and dogs with 6-week recovery period, the frequency of administration was once 
every 24 hours. The maximum tested doses the 28 day SC toxicity studies were 
about 19 and 5 times higher, respectively, than the recommended weekly human 
dose based on body surface area.  In the 3-month repeated dose toxicology studies 
in rats and dogs, at the maximum tested doses of APF530 that were ~73 and 43 
times greater, respectively, than the recommended human dose based on body 
surface area.  

• Non-clinical reviewer also notes that TEG in general has very low toxicity. The 
EPA has no risk concerns for triethylene glycol with respect to human exposure 
(Registration Eligibility Decision/RED for TEG, September, 2003). In rats, oral 
doses up to 4 g/kg for up to 2 years did not cause any toxicity. The estimated 258 
mg (~ 4 mg/kg) of the novel polymer (from the proposed clinical dose) that is 
unaccounted for in the polymer fate study does not raise a safety concern, per the 
non-clinical reviewers of this NDA. 
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Metabolism, safety and toxicology of MPEG:    
• Approximately 20 % of the vehicle for SUSTOL ( ) is MPEG

methoxypolyethylene glycol an NF compliant 
excipient.  Per the CMC reviewer, the specification for MPEG has an 
acceptance criteria for EG and DEG of NMT %.   Per the non-clinical 
reviewer, there are no nonclinical data for in vivo degradation of MPEG

 containing 20% MPEG has been tested in animals and there have 
been no safety concerns with the overall product/polymer administration. 
Nonclinical reviewers note that in the FDA inactive ingredients database, PEG is 
listed as an excipient for several parenteral (IV, IM etc) products at concentrations 
up to >50%. PEG is also a part of the certolizumab pegol molecule (CIMZIA; 
S.C. injection), and the PEG exposure from a single 400 mg dose is 
approximately 176 mg, which is higher than the MPEGs exposure of 100 mg from 
a single injection of SUSTOL.   

• In response to an information request from the agency, sponsor responded that 
A.P. Pharma did not conduct nonclinical studies on the metabolism of MPEG-

They provided the following information on the fate of MPEG based on 
literature: 

An early study of the metabolism of polyethylene glycols in humans 
(Schaffer et al., 1950) determined that the amount metabolized in humans 
depends on molecular weight.  In a small study in humans (n=3), they observed 
that more than 75% of MPEG400 injected intravenously was excreted intact in the 
urine. No ethylene glycol metabolite was detected using a periodate-based 
titrometric method.  More recent studies also found that the majority of injected 
PEG molecules are secreted intact in the urine (reviewed by Webster et al. 2007). 
When metabolism occurs, the major metabolic pathway reported in rats, cats, and 
humans is oxidation of the alcohol groups to carboxylic acids and then urinary 
excretion (Friman et al., 1990, 1993; Hunt et al. 1982).  The possibility of 
sulfation by the action of sulfotransferases on alcohol groups has been 
demonstrated (Roy et al. 1987) but sulfated metabolites are not always observed 
in vivo.  

In a subsequent submission dated 03/12/2013, in response to a non-clinical 
IR the sponsor reiterates that the possibility of MPEG metabolism to result in 
significant toxic metabolite concentrations is minimum and that majority of PEG 
products are excreted unchanged in urine.  Sponsor notes that while metabolism 
of MPEG information is not available in preclinical species, the safety of 
MPEGs is apparent including from a “14-day, repeat-dose rat study in which 
MPEG-350 was administered intravenously at 1,000 mg/kg/day.  There was no 
effect of treatment on body or organ weights, or hematological values.  Tissues 
(including testes) from treated animals were histologically similar to those of 
controls.  There was a slightly significant difference in aspartate aminotransferase 
activity in controls (82-108 IU/L) and treated males (75-87 IU/L) that was not 
considered by the investigators to be related to treatment since the values for both 
groups were within the normal expected range.  These results indicate that, even 
at these extreme doses, no significant amount of lower glycols or their metabolites 
are being formed”. 
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Sponsor also notes in this submission the following about PEGs in 
approved injectable products:   There are at least seven FDA-approved products 
containing MPEG-conjugated proteins or peptides.  Additionally, low molecular 
weight PEGs have a long history of use in human parenteral products and are 
extensively listed in the Agency’s Inactive Ingredients Database.  There are at 
least six currently marketed drug products that contain significant amounts of 
PEG.  For example, Busulfex Injection contains 67% vol/vol PEG 400, with a 70 
kg patient having an exposure of approximately 7.4 gm of PEG 400 per dose with 
16 doses administered over 4 days.  This is compared to an exposure of 98 mg of 
MPEG per dose in APF530.  A course of treatment with Busulfex results in a 
1,200-fold greater exposure to PEG compared to APF530.  Many other parenteral 
products currently marketed in the US contain polyethylene glycol in varying 
amounts and of varying molecular weights. 

 
Drug Products Containing MPEG 
 

• ADAGEN (pegademase bovine) injection, solution   
• KRYSTEXXA (pegloticase) injection, solution  

• MACUGEN (pegaptanib sodium) injection, solution  
• NEULASTA (pegfilgrastim) injection  
• PEGINTRON (peginterferon alfa-2b) injection, powder, lyophilized, for solution  
• ONCASPAR (pegaspargase)  injection, solution for intramuscular and intravenous  
• SOMAVERT (pegvisomant) kit  

 
Drug Products Containing Low Molecular Weight PEG 

 
Drug Product Excipent Grams / Day 

(multiple of APF530) 
Grams / Week 

(multiple of APF530) 
APF530 MPEG  N/A 0.098 

(1) 

BUSULFEX (busulfan) injection PEG 29.5 
(301) 

117.9 
(1203) 

LORAZEPAM injection, solution PEG 0.18 
(57) N/A 

DOCETAXEL injection, solution PEG 8.5 
(87) N/A 

Robaxin (methocarbamol)  injection, 
solution PEG 16.9 

(172) 
67.5 
(689) 

ETOPOSIDE injection PEG 5.9 
(60) 

29.3 
(289) 

DIPYRIDAMOLE injection PEG 0.4 
(2.5) N/A 

 
• Literature review: Based on literature evidence, the toxicity of EG appears to be 

mediated principally through its metabolites, in particular glycolic acid, GA.  
Based on a review article by Hess et al (2004), glycolic acid is the principle 
metabolite of EG that accumulates to any significant extent in human plasma (in 
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cases of intentional or accidental EG poisoning) and is considered the primary 
cause of metabolic acidosis, anion gap and other toxic effects.  Due to rapid 
metabolism of EG to GA, and a slow, rate-limiting enzymatic elimination of the 
latter to glyoxylic acid, the concentrations of GA tend to be higher than that of EG 
(the endogenous elimination T1/2 for GA is described as 10.43 ± 7.9 h (n = 4)). In 
healthy individuals the physiological anion gap (difference between serum cations 
and anions) is 12 – 16 mM (Moreau et al, 1998).  Organic acids are noted to 
further increase the anion gap and GA has been shown to account for 96 % or 
more of the anion gap in patients poisoned with EG (Gabow et al 1986; Jacobsen 
et al 1984).  The Pearson correlation coefficient for initial anion gap vs. initial GA 
was r2 = 0.65 (p = 0.005) [Moreau et al, 1998].The precursor of glycolic acid, 
glycoaldehyde has been described to have a very short half life.  In addition, 
glyoxylate that forms from GA also has a very short half-life and is converted by 
diverse pathways to oxalic acid, hippuric acid (via glycine) and possibly other 
metabolites.   

According to Hess et al, the level of GA directly relates to increased anion 
gap, severity of symptoms and mortality. In a publication based on 19 patients 
with confirmed EG poisoning (Brent et al 1999), no signs of renal injury have 
been noted at initial plasma glycolic acid concentrations of no greater than 10.1 
mM (76.7 mg/dL or 767 µg/ml).  All of the patients in whom renal injury 
developed had plasma GA concentrations of 12.9 mM or higher (≥ 980 µg/mL).  
In case reports of EG poisoning, the levels of EG tends to decrease after the initial 
period as GA values increase due to metabolic conversion of EG.  This was also 
noted in a case report by Hewlett et al (1986), where the plasma concentrations in 
a male patient admitted 6-8 hours after ingestion were low for EG and high for 
GA, compared to a patient who was administered within 1.5 h of ingestion (doses 
of EG ingested are unknown).  Thus diagnosis of EG poisoning and identifying 
treatment modalities in the clinical setting relies upon the detection of glycolic 
acid, GA and its improvement (decrease) with therapy (e.g. ethanol infusion to 
prevent metabolic conversion of EG to GA, bicarbonates, hemodialysis etc) as EG 
levels alone may not be sufficient for diagnosis, as they become undetectable over 
time due to rapid metabolism. This underscores the value of glycolic acid as a 
sole marker for EG related systemic toxicity. 

Available analytical methods for determining GA levels in plasma that were 
referenced in the review by Hess et al, had assay sensitivities (e.g. 3.8 µg/mL by 
HPLC) comparable or lower than that used in the current polymer fate study (3 
µg/mL for plasma, and 2 µg/mL in urine) and were deemed adequate to determine 
accumulated GA in clinical settings and monitor its decrease with treatment. As 
noted earlier, using this analytical methodology, GA was not detectable in plasma 
and the 12 h cumulative concentrations of GA in urine collections were no 
different from those noted at pre-dose (baseline) or in placebo-treated volunteers, 
suggesting absence of significant rise in GA levels following SUSTOL use.   

Even considering the ~ 2/3rd dose of polymer that couldn’t be recovered in 
this polymer fate study possibly due to slow continued hydrolysis beyond the ten 
days of sampling, it does not appear that glycolic acid, GA concentrations would 
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increase from below detection to those noted in literature to be toxic (Hess et al, 
2004).  

 
With the exception of glycolic acid, the formation and accumulation of other 
potential metabolites of EG (glycoaldehyde, glycoxylic acid, oxalic acid), and 
DEG (diglycolic acid, 2-hydroxyethoxyacetic acid) is not known with SUSTOL 
use. At present there is no information regarding toxic systemic concentrations of 
these moieties that would justify further quantification of these metabolites in a 
new clinical trial. Rather, it would be meaningful to consider the absence of non-
clinical toxicity at SUSTOL doses much greater than the intended clinical dose, 
the lack of clinical safety signals after multiple uses in clinical trial patients and 
the evidence pertaining to the absence of glycolic acid accumulation at twice the 
SUSTOL dose to support overall safety of the drug product.   
 

• Safety of SUSTOL in clinical trials: According to Hess et al, clinical signs of 
systemic toxicity following ingestion of EG generally progress in three stages:  
CNS effects apparent within 0.5 – 2 h of ingestion and include inebriation, 
nausea, vomiting, nystagmus, papillary edema, hyporeflexia, convulsions, and 
coma.  Within 12- 24 h after ingestion cardiopulmonary manifestations are 
observed, including tachycardia, tachypnea, hypertension, pulmonary edema and 
congestive heart failure.  A generally late event is renal insufficiency occurring 
24- 72 h after ingestion.   

The systemic effects of poisoning depend primarily on the induction of 
metabolic acidosis and the magnitude of the osmolal gap (primarily mediated by 
EG in the early hours before its metabolism to GA), and anion gap (later on, as 
glycolic acid, GA builds up).  According to the clinical reviewer, Dr. Karyn 
Berry, in the clinical trials for APF530, there was no evidence for EG, DEG 
related toxicities including renal injury or metabolic disturbances such as acidosis. 
Laboratory (electrolyte) data appears to be limited to the first cycle despite dosing 
for four consecutive chemotherapy cycles with an interval of 7 to 28 days in 
between.  The clinical reviewers are currently weighing whether additional safety 
data would be needed.  However, there do not appear to be clinical safety signals 
of concern at this point.  The absence of significant differences in anion gap 
following SUSTOL dosing in cycle 1 of phase 3 trials (single 500 mg drug 
product) and the absence of GA accumulation in plasma following a single 1000 
mg drug product) in the polymer fate study, would be mutually supportive of the 
safety of the polymeric excipients in SUSTOL in terms of their potential for 
conversion to toxic metabolites. 

 
Review Item III:  Changes to the proposed labeling have been proposed from a Clinical 
Pharmacology perspective for internal review. However, as there are unresolved (CR) 
issues at this time (product administration concerns, proposed indication (acute vs. 
delayed; MEC vs. HEC etc), labeling review may not be finalized in this cycle.  If 
labeling is concluded in this cycle, an addendum will be entered into DARRTS to 
summarize important changes to the label from a Clinical Pharmacology perspective. 
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Overall conclusion:  We find the Clinical Pharmacology contents of this NDA to be 
acceptable based on our review of the polymer fate study C2011-02 findings, and 
additional assessment of literature and NDA data pertaining to the potential for the 
formation of lower order glycols, their metabolites and the overall safety implications.   
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1 Appendices 

 

1.1 Individual Study Review- C2011-02 
Introduction:  APF530 is a new polymeric formulation of granisetron that has been 
developed to provide sustained release of the drug for the prevention of acute and delayed 
chemotherapy-induced nausea and vomiting (CINV). APF530 consists of 2% granisetron 
and a polymer vehicle,  triethylene 
glycol poly(ortho ester), or TEG-POE  80 % TEG-POE and 20% 
MPEG]. The TEG-POE polymer has been designed to undergo controlled hydrolysis 
resulting in sustained drug release.  
 
Theoretical estimations of hydrolytic breakdown products based on structure of 
novel polymer: Sponsor submitted estimations (Background information) 
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The following in vivo characterization was undertaken in healthy volunteers to evaluate 
the metabolism and elimination of the polymeric material proposed in Sustol. 
 
PROTOCOL NO. C2011-02: A Randomized, Placebo-Controlled, Single-Dose Study to 
Examine the Fate of the Polymer of APF530 in Healthy Subjects 
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Primary Objective 
The primary objective was to evaluate the rate and extent of the metabolism and urinary 
elimination of the TEG-POE polymer in normal volunteers. 
 
Secondary Objectives 
The secondary objectives were to evaluate the PK parameters of granisetron in healthy 
subjects, and to gather SC administration site reaction data, the type of injection reaction 
(i.e., bruising, nodule, etc.), the date of onset of the adverse reaction, the date the adverse 
reaction resolved, and the time elapsed between injection and onset of the adverse 
reaction. 
 
Study design:  This was a Phase 1, single-blind, randomized, single-site, single-dose 
study in 14 healthy male and female subjects (18- 50 years). After Screening and 
verification of baseline/check-in data, subjects were randomized to receive either 1000 
mg of APF530 or placebo (0.9% normal saline) via subcutaneous injection. Eligible 
subjects participated in a screening phase (within 28 days of dosing), a treatment phase, 
and a final visit conducted at discharge from the study. Subjects were required to remain 
in the study unit from the morning of Day –2 through the morning of Day 11 for a total of 
approximately 12 days of confinement.  
 
Study drug was administered in the morning on Day 1.  Treatments are as shown: 
 
Regimen A: The primary active regimen (administered at time 0) consisted of 
1000 mg of APF530 (20 mg granisetron) administered as SC injections (0.84 mL in 
2 injections of 0.42 mL each) in 2 different abdominal quadrants. 
 
Regimen B: The placebo control regimen (administered at time 0) consisted of 
placebo (0.9% normal saline) administered as SC injections (0.84 mL in 2 injections 
of 0.42 mL each) in 2 different abdominal quadrants. 
 
Note: A pre-injection anesthetic (Lidocaine and Prilocaine Cream 2.5%/2.5%) was 
applied to the abdominal SC injection site before study drug administration. 

 
Blood and urine samples were collected throughout the 12-day period and 

analyzed using validated bioanalytical methods to evaluate the pharmacokinetic (PK) 
parameters and elimination of granisetron and the TEG-POE polymer hydrolysis 
products. Safety assessments consisted of AEs, including SC injection site reactions, 
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clinical laboratory results, vital sign measurements, 12-lead ECG results, and physical 
examination findings. 
 
PK sampling:  Blood samples for polymer analysis were collected according to the 
following schedule: Check-in on Day –2 (–48 hours) and –36, –24, and –12 hours before 
dosing on Day 1, and 12, 24, 36, 48, 60, 72, 84, 96, 108, 120, 132, 144, 156, 168, 180, 
192, 204, 216, 228, and 240 hours after dosing. 
 
Note: The protocol when reviewed also had a PK sample proposed at 4 h post-dose on 
day 1; this sample appears to be missing during the conduct of the study; thus the earliest 
plasma sample available post-dose is 12 h. 
 
Urine samples for polymer analysis were collected before dosing according to the 
following schedule: –48 to –36, –36 to –24,–24 to –12, and –12 to 0 hours. Beginning 
immediately after dosing on Day 1, urine samples were collected according to the 
following schedule: 0 to 12, 12 to 24, 24 to 36, 36 to 48, 48 to 60, 60 to 72, 72 to 84, 84 
to 96, 96 to 108, 108 to 120, 120 to 132, 132 to 144, 144 to 156, 156 to 168, 168 to 180, 
180 to 192, 192 to 204, 204 to 216, 216 to 228, and 228 to 240 hours after dosing. 
 
Blood samples for PK analysis of granisetron were collected according to the following 
schedule: before dosing on Day 1, and 4, 10, 11, 12, 23, 24, 25, 36, 47, 48, 49, 60, 72, 
84, 96, 108, 120, 132, 144, 156, 168, 180, 192, 204, 216, 228, and 240 hours after dosing. 
 
Inclusion of baseline evaluation and placebo group:  During bioanalytical method 
development it was determined that these small hydrophilic molecules are difficult to 
quantify at very low levels (i.e., sub-micrograms per mL of plasma and urine) because of 
background interference. This led to the incorporation of a two-day period before 
APF530 administration to monitor baseline levels of the hydrolytic products before 
dosing. A group of placebo subjects was included to determine if the study environment 
(e.g., diet, cosmetics) had any measurable effect on the apparent concentrations of the 
hydrolytic products for up to 10 days after study drug administration. 
 
Sample handling:  Blood samples (6 mL each) for measurement of granisetron plasma 
concentrations were collected into vacutainers containing K3EDTA, inverted several 
times, and placed immediately on ice until being centrifuged at 1100 to 1300 relative 
centrifugal force for 10 minutes at approximately 4°C. Plasma was transferred into two 1-
mL aliquots and the samples were then labeled and stored at approximately –20°C until 
being shipped frozen on dry ice to the bioanalytical laboratory (  

). 
 
Blood samples (6 mL each) for measurement of PE, TEG, PA, and GA plasma 
concentrations were collected into vacutainers containing K2EDTA, inverted several 
times, and placed immediately on ice until being centrifuged at 1100 to 1300 relative 
centrifugal force for 10 minutes at approximately 4°C. Plasma was transferred into six 
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0.5-mL aliquots and the samples were then labeled and stored at approximately –20°C 
until being shipped frozen on dry ice to the bioanalytical laboratory  

 
 
Urine Sampling: An analysis was conducted on the plastic containers used for urine 
collection to ensure that room temperature exposures of urine did not alter the 
quantifiable levels of potential hydrolytic products (XP-1179-059). 
 
Analytes monitored:  In vitro studies have shown that both aqueous and enzymatic 
hydrolysis of the TEG-POE polymer results in the formation of four hydrolytic products: 
PE, TEG, PA, and GA. These proposed hydrolytic products were therefore monitored in 
plasma and urine samples collected from healthy volunteers after SC administration of 
APF530.   The analytical method validation parameters for these four analytes are 
summarized below for plasma and urine: 
 
Analytical method validation summary: 
 
Plasma method validation parameters 
Report# Plasm

a 
Analy
te/ 
Meth
od 

Range 
µg/mL
; 
 
R2 

LOQ 
µg/ml; 
 
%Dev 
%CV 
 

QCs 
Precision 
(% CV) 

QCs  
Accurac
y 
 % Dev 

Long 
Term 
stability 

Dilution 
Integrity 
establish
ed 

F/T, 
Matrix 
and 
Extrac
t 
Stabili
ty  
 

Extractio
n 
Efficienc
y (L, M, 
H Qcs; 
IS) 

Matrix 
interference 
and 
carryover 
responses  

XP-
1157-
056 

TEG; 
 
LC-
API/
MS/
MS 

0.2 – 
50; 
 
>0.99 

0.2 
ug/mL; 
 
Accurac
y 
(%DEV)
: 
 -5.75% 
 
Precision 
(%CV): 
3.27% 
 

0.6, 15, 
40; 
Intra-
assay:  
≤11.6% 
 
Inter-
assay: 
≤11.5% 

Intra-
assay:  
-11.4% 
to 4.92% 
 
Inter-
assay:  -
2.27% to 
1.41% 

105 days 
at -20oC 
and  
106 d at 
-70oC 
 

1:10, 
1:20, 
1:40 

4 
cycles 
at -
70oC 
 
Matrix
: 19 h 
at RT; 
 
Extrac
t at 
RT: 
71 h 

76.4%, 
81.4 and 
85.9%; 
 
84.4 % 
(IS; 
Tetra 
ethylene 
glycol) 

not 
significant 

XP-
1157-
055 

PE; 
 
LC-
API/
MS/
MS 

0.5 – 
100; 
 
>0.99 

0.5 
ug/mL; 
 
Accurac
y 
(%DEV)
: 6.10% 
 
Precision 
(%CV): 
5.77% 

1.5, 20, 
80: 
 
Intra-
assay: ≤ 
5.56% 
 
Inter-
assay: 
≤ 6.22% 

Intra-
assay: -
4.00% to 
-2.90% 
 
Inter-
assay: -
6.33% to 
-2.09% 

104 days 
at -20oC 
and 
 
104 days 
at -70oC 

1:10, 
1:20, 
1:50 

4 
cycles 
at -
70oC 
 
Matrix
: 21 h 
at RT; 
 
Extrac
t at 
RT: 
72 h 

97.2%, 
97.6 and 
96.7%; 
 
97.0% 
(IS; 
Trimethy
lolmetha
ne) 

Not 
significant 

XP-
1179-
039 

PA; 
 
LC-
API/

10 – 
400; 
 
>0.99 

10 
ug/ml; 
 
Accurac

30, 150, 
350 
 
Intra-

Intra-
assay: 
-2.62 to -
1.22% 

91 days 
at -20oC 

1:5, 
1:10, and 
1:20 

4 
cycles 
at -
70oC 

74.9%, 
72.8%, 
and 
81.4%; 

Not 
significant 
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MS/
MS 

 y 
(%DEV)
:  
-7.43% 
 
LLOQ 
Precision 
(%CV): 
2.20% 
 

assay: 
≤2.07% 
 
Inter-
assay: 
≤4.90% 
 

 
Inter-
assay: 
-4.99 to 
1.71% 

 
Matrix
: 26 h 
at RT; 
 
Extrac
t at 
RT: 
103 h 

 
83.0% 
(IS; 
Propioni
c Acid-
13C3) 

XP-
1179-
036 

GA; 
 
LC-
API/
MS/
MS 

3 – 
200; 
 
 

3 ug/ml; 
 
Accurac
y (% 
Dev): 
1.89% 
 
Precision 
(%CV): 
2.70% 
 

30, 150, 
350 
 
Intra-
assay: 
≤ 3.27% 
 
Inter-
assay: 
≤ 2.81% 

Intra-
assay: 
0.889 to 
6.36% 
 
Inter-
assay: 
-1.33 to 
3.85% 

133 days 
at -20oC 

1:10, 
1:20, and 
1:50 

3 
cycles 
at -
70oC 
 
Matrix
: 20 h 
at RT; 
 
Extrac
t at 
RT: 
72 h 

69.8%, 
55.6 %, 
and 
56.1% 
 
51.5% 
(IS; 
Glycolic 
Acid-
13C2) 

Not 
significant 

 
Urine method validation parameters 
Report# Urinary 

Analyte/ 
Method 

Assay  
Range 
µg/mL; 
 
R2 

LOQ 
µg/ml; 
 
%Dev 
%CV 
 

QC 
(ug/ml):  
 
Precision 
% CV 

QC 
(ug/mL):  
 
Accurac
y 
%Dev 

Long 
Term 
stability 

Dilution 
Integrity 
established 

F/T, 
Matrix 
and 
Extract 
Stability  
 

Extractio
n 
Efficienc
y (L, M, 
H Qcs; 
IS) 

Matrix 
interfere
nce and 
carryove
r 
response
s 

XP-
1179-
037 

TEG; 
LC-
API/MS
/MS 

0.1 – 50; 
 
R2> 0.99 

0.1; 
 
Accuracy 
(%DEV): 
13.7% 
 
Precision 
(%CV): 
19.7% 

0.3, 15, 
40: 
 
Intra-
assay: 
≤4.17% 
 
Inter-
assay: 
≤5.76% 

Intra-
assay: 
2.11% to 
6.08% 
 
Inter-
assay: 
0.318% 
to 3.34% 

97 days 
at -20oC 
 
97 days 
at -70oC 

1:10, 1:20, 
1:40 

3 cycles 
at -70oC 
 
Matrix: 
25 h at 
RT 
 
Extract: 
71 h at 
RT 

90.4%, 
93.4 and 
92.0% 
 
93.9% 
(IS; 
Tetraeth
ylene 
Glycol) 

Not 
significa
nt 

XP-
1179-
038 

PE; 
LC-
API/MS
/MS 

1 – 100; 
 
R2> 0.99 

1.0; 
Accuracy 
(%DEV): 
-2.25% 
 
Precision 
(%CV): 
6.30% 
 
 

 3, 20, 
80: 
 
Intra-
assay: 
≤9.09% 
 
Inter-
assay: 
≤7.45% 
 

Intra-
assay: 
-6.33% 
to 
0.361% 
 
Inter-
assay: 
-4.59% 
to 1.45% 

99 days 
at -20oC 
 
99 days 
at -70oC 

1:10, 1:20, 
1:50 

5 cycles 
at -70oC; 
 
Matrix: 
17 h at 
RT 
 
Extract: 
72 h at 
RT 

120%, 
119% 
and 
117%; 
 
106%  
(IS; Tri 
methylol
methane) 

Not 
significa
nt 

XP-
1157-
094 

PA; 
LC-
API/MS
/MS 

10 – 400; 
 
R2> 0.99 

10; 
Accuracy 
(%DEV): 
-4.72% 
 
Precision 
(%CV): 
2.05% 

30, 150,  
350 
 
Intra-
assay: 
≤2.89% 
 
Inter-

Intra-
assay: 
-3.44 to -
2.22% 
 
Inter-
assay: 
-4.33 to -

93 days 
at -20oC 

1:5, 1:10, 
and 1:20 

3 cycles 
at -70oC; 
 
Matrix: 
21 h at 
RT 
 
Extract: 

95.3%, 
93.8%, 
and 
99.6%; 
 
99.1% 
(IS; 
Propioni

Not 
significa
nt 
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assay: 
≤4.78% 
 

0.623% 103 h at 
RT 

c Acid-
13C3) 

XP-
1157-
057 

GA; 
LC-
API/MS
/MS 

2 – 200 
 
R2 > 
0.99 

2.0; 
 
Accuracy 
(%DEV): 
-
0.0833% 
 
Precision 
(%CV): 
3.96% 

6, 75, 
150 
 
Intra-
assay: 
≤5.46%;  
 
Inter-
assay: 
≤5.18%;  
 

Intra-
assay: 
-8.33% 
to -
4.71% 
 
Inter-
assay: 
-5.00% 
to -
1.42% 

118 days 
at -20oC 

1:10, 1:20, 
and 1:50 

4 cycles 
at -70oC; 
 
Matrix: 
19 h at 
RT 
 
Extract: 
78 h at 
RT 

136%, 
85.7, and 
91.9%; 
 
115% 
(IS; 
Glycolic 
Acid-
13C2) 

 

 
An exploratory analysis was conducted to determine whether the potential hydrolytic end 
products are subject to further metabolism.  The list of analytes below were explored in 
pools of plasma and urine extracts to maximize the likelihood of detection and data were 
compared between drug and placebo pools.   
 
Exploratory analyses:  Pooled organic solvent extracts were analyzed by liquid 
chromatography mass spectrometry (LC/MS) for detection of putative metabolites of PE, 
TEG, and PA. The putative metabolite GA was omitted from the exploratory analysis 
because of its recognized role in the normal biochemistry of human cells and its presence 
in urine collections from subjects during the predose period and from subjects 
administered placebo. 
 
A total of twenty-two potential metabolites of oxidative and conjugative routes of 
metabolism or intermediate hydrolysis products were monitored: 
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In addition to the specified use of product ion scan mass spectral detection for the 
targeted putative metabolites of PE, TEG, and PA, precursor ion scanning was also 

Reference ID: 3276772



 30

employed to determine if any other nontargeted metabolites could be detected. 
Furthermore, glucuronidase enzyme preparations were used to confirm the lack of 
conjugates observed in the product ion detection mode. Alkaline conditions were also 
employed to determine if there were any other conjugates or possible intermediate 
hydrolytic materials that might be present but would be susceptible to base hydrolysis. 
Additional products ion scans were performed to check for the presence of TEG 
monoaldehyde. 
 
The study also evaluated the PK parameters of granisetron to allow comparison with data 
previously obtained in healthy subjects administered APF530.  This information is also 
useful to demonstrate successful drug administration as it may relate back to presence or 
absence of polymer degradants in plasma/urine. 
 
Plasma and urine samples:  Three hundred and fifty plasma samples were analyzed 
between 10 January 2012 and 16 January 2012. The samples were analyzed within 40 
days.  Three hundred and thirty six urine samples were analyzed between 27 December 
2011 and 04 January 2012. The samples were analyzed within 27 days. 
 
Pharmacokinetic Analyses: 
Mean and individual plasma concentrations and PK parameters of granisetron were 
summarized overall and by race and gender. Mean and individual plasma concentrations 
of granisetron were presented in figures. 
Concentrations of possible polymer hydrolysis products (PE, TEG, PA, and GA) in 
plasma and urine were listed separately by treatment, subject, and scheduled time point. 
Descriptive statistics were provided for measurable concentrations by treatment and time 
point. If detected, the individual and mean urine concentrations of PE, TEG, PA, and GA 
over time were presented in figures. Daily excretion and total recovery were summarized. 
All PK summary tables and figures were generated using SAS®. Actual sampling times 
were used for the PK analysis. Plasma concentrations that were below LOQ were set to 
zero for the purposes of calculating PK parameters. 
 
Results: 
 
Plasma concentration data:  For the putative polymeric metabolites PE, TEG, PA and 
GA the plasma concentrations were all below the limit of detection as evidenced by the 
chromatographic peaks below LOQ established for each moiety.  The absence of earlier 
time points post-dose on day 1 may play a role on the absence of quantifiable plasma 
levels.  Regardless, data suggests lack of accumulation of these moieties in plasma after 
subcutaneous administration of the polymeric material. The validated lower limit of the 
assay was in the low µg/mL range for each of the moieties assessed and particularly high 
for propionic acid (LOQ 10 µg/mL). 
 
Urine excretion data:  Detectable concentrations of PE, TEG and GA were noted in the 
urine samples collected in 12 h intervals starting at time 0 on day 1.  The cumulative 
excretion rate could be calculated from the urinary concentrations and collection volumes 
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and are presented in the plots and tables below.  Propionic acid could not be detected in 
urine perhaps again due to the low sensitivity of the assay. 
 
PE and TEG levels were absent during baseline urine collections suggesting that the 
source of these moieties was entirely due to the polymeric injection.  Glycolic acid levels 
were noted at baseline and the post-dose levels for the drug vs. placebo group were 
comparable suggesting the role of endogenous levels of glycolic acid or those from 
exogenous (diet, cosmetic etc) sources. 
 
Pentaerythritol:  The time-course of the amount (mean ± SD) of Pentaerythritol, PE 
excreted in urine over a 12-hour period up to 10 days post-subQ dose of 1000 mg 
APF530 (black) or placebo (red) is shown: 
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The mean (percent coefficient of variation [CV%]) total amount of the PE excreted in the 
urine over 10 days was 138 mg (17% CV), which was equivalent to 52.3% (17% CV) of 
the theoretical expected yield of PE from a 1000 mg dose of APF530.  The individual 
recovery (mg) by the end of collection interval ranged from 96 mg to 166 mg in urine, 
which was approximately 36 – 63 % of theoretical estimation based on dose.  The 
excretion of PE was not complete at the end of 10 days of sampling time and therefore 
further excretion and therefore recovery can be expected which couldn’t be captured with 
this study design. 
 
Triethylene glycol, TEG:  The time course of the amount (mean ± SD) of TEG excreted 
in the urine over a 12-hour period up to 10 days is shown in Figure below: 
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The mean (CV%) total amount of TEG excreted in the urine over 10 days was 
37.1 mg (27% CV), which was equivalent to 11.5% (27% CV) of the theoretical expected 
yield of TEG from a 1000 mg dose of APF530. In individuals the range of urinary 
recovery (mg) of TEG alone was 26 – 57 mg, which amounts to an estimated 8 – 18 % of 
the theoretical estimated recovery based on dose. The excretion of TEG was not complete 
at the end of the 10 day sampling duration. Thus further excretion into urine will likely 
continue, which couldn’t be captured with the design of this study. 
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Total TEG:  TEG metabolites in exploratory analyses:  In a subsequent exploratory 
analysis of pooled urine from all subjects it was found that an additional 29% of TEG 
was eliminated as its metabolite, TEG-monocarboxylic acid (TEG-COOH). Hence, in 
total, more than 40% of the theoretical amount of TEG per subject was eliminated via 
urine. 
 
Propionic Acid:  At the LOQ of 10 μg/mL, PA could not be detected in the urine at any 
time period after SC administration of APF530 or placebo (saline). Sponsor notes that the 
lack of detection may be the consequence of a high LOQ. 
 
Glycolic Acid: The time course of the amount (mean ± SD) of GA excreted in the urine 
over a 12-hour period up to 10 days is shown in figure below: 
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Glycolic acid was detected at baseline in both test and placebo groups.  In addition, the 
mean profiles for post-dose glycolic acid excretion in urine couldn’t be differentiated 
between the drug and placebo patients.  This may suggest confounding influence of 
endogenous or environmental factors and the true contribution from hydrolysis of 
APF530 if any couldn’t be ascertained. 
 
Exploratory analyses:  Twenty-two (22) potential Phase I and Phase II metabolites were 
monitored in the pooled plasma and urine samples from study C2011-02 as described. 
 
Plasma:  Small amounts of TEG-COOH were detected in pooled plasma samples. Other 
than endogenous propionyl carnitine and propionyl glycine, no other putative metabolites 
of PE, TEG, or PA were identified in plasma during the metabolite screening by mass 
spectroscopy. 
 
Urine:  Of the twenty-two targeted metabolites screened, one partial hydrolysis product 
of PE (PE monopropionate) and one TEG metabolite (TEG-COOH) were detected in 
urine.  According to the sponsor’s report, TEG-COOH was initially determined by MS 
and subsequently positively identified by preparing a synthetic reference standard on the 
basis of identical chromatographic retention times and mass spectral product ion scans.  
The concentrations of TEG-COOH in pooled urine samples were determined using 
HPLC/MS/MS analysis of organic extracted urine using the synthetic reference material 
as an analytical standard. 
 
Pooled human urine samples were also treated with β-glucuronidase to release O-
glucuronides of TEG and PE. No significant increase in TEG or PE was observed with β-
glucuronidase treatment confirming the screening results that showed no significant 
presence of O-glucuronides. An alkaline hydrolysis experiment was also conducted with 
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the pooled human urine samples to monitor for possible intermediate hydrolysis products 
of the TEGPOE polymer APF530 (between the intact polymer and key degradation 
products) and for acyl glucuronides of putative TEG and PE acid metabolites. No 
significant concentrations of intermediate hydrolysis products or acyl glucuronides were 
detected. 
 
Cumulative urinary excretion of PE and TEG: 
 
Sponsor also estimated the molar ratio of TEG and PE in urine over time and found that 
both were formed in a consistent proportion across individuals and throughout the 
sampling duration.  This was the case when only TEG and PE were considered in which 
case the proportion between the two was low but consistent across time points. 
 
When the values for TEG recovery included that as TEG-COOH (i.e. total TEG), then the 
proportions were still consistent across the sampling interval and in addition the molar 
ratio for total TEG to PE (1: 0.9) was consistent to what was predicted based on 
theoretical estimations (1: 0.8). 
 

 
The constant ratio of TEG to PE in urine over the time course of the study is consistent 
with the expectation that TEG and PE are generated at equivalent rates as predicted from 
the hydrolytic breakdown pathway as well as findings from in vitro hydrolysis studies. 
 
Molar Ratio of TEG to PE and Total TEG (TEG + TEG-COOH from Pooled Organic 
Solvent Extract of Urine) Recovered in Urine versus Time 
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PK results for granisetron:  Granisetron levels (at twice the clinical dose) were noted in 
all individuals dosed with drug product and are highlighted below: 
 
Mean plasma concentration-time profiles for 1000 mg (1 g) of APF530 (20 mg 
granisetron) administered SC: 
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Mean plasma granisetron PK parameters for the 1000 mg dose are summarized: 
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PK parameters are further summarized by race and gender: 
 
Summary of Mean (CV%) Plasma Pharmacokinetic Parameters by 
Race and Gender for 1000 mg (1 g) of APF530 (20 mg Granisetron) 
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After subcutaneous administration, granisetron appears to be slowly absorbed with a 
median Tmax of 11 h and the product exhibited long T1/2 values of ~ 33 h.  The mean 
t1/2 was in line with previous studies of granisetron, in that the t1/2 in cancer patients 
appears to be similar to that of healthy subjects. The t1/2 of APF530 in 3 studies 
conducted in cancer patients, had mean values of 30.8 to 33.8 hours, 26.2 to 35.9 hours, 
and 33.6 hours, for the 250 mg (5 mg granisetron), 500 mg (10 mg granisetron), and 750 
mg (15 mg granisetron) dose levels, respectively.  
 
Mean exposures tended to be higher in females and in non-caucasians.  However, the 
variability (% CV) in PK was higher for non-caucasians and for males resulting in 
overlapping PK. 
 
PK could be evaluated consistently in all dosed individuals in this study indicating 
successful drug administration which also lends credence to the polymer fate findings. 
 
Conclusions: 
 
Based on the composition of the TEG-POE polymer, each 1000 mg (twice the proposed 
dose) of APF530 was estimated to yield 323 mg of TEG, 264 mg of PE, 287 mg of PA, 
and 65 mg of GA. 
 
Following single subcutaneous injection of 20 mg granisetron (twice the clinical dose) in 
a total 1000 mg polymeric formulation APF530, plasma concentrations of the putative 
metabolites were below detection limit.  While the reasons for this could be low assay 
sensitivity (LOQ in the micromolar range), the absence of blood draws prior to 12 h as 
well as potentially large volume of distribution (leading to low plasma concentrations) of 
these moieties may be the reasons of not detecting metabolites in plasma.  However, data 
rules out metabolite accumulation in plasma.   
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Urinary concentrations were more readily quantifiable for TEG and PE using the 
available assay methods in the 12 h-interval urine collections over 12 days (including 2 
days of baseline sampling).  
 
The following were the recovered amounts of metabolites from the polymer fate study 
C2011-02: 
 
Pentaerythritol, PE:    138.0 mg  
Triethylene glycol, TEG, TEG-COOH:  130.6 mg 
 
Thus approximately, 45.7 % of the theoretical PE and TEG amounts were recovered in 
urine.  Additional recoveries could’ve been possible if continued sample collection were 
to be continued beyond 10 days post-dose.  Propionic acid, which was expected to form 
at quantities similar to TEG couldn’t be detected in this study perhaps due to sensitivity 
issues of the PA assay (LOQ 10 ug/mL). Glycolic acid contributions from the polymer 
itself couldn’t be readily identified due to confounding influences of endogenous levels, 
as evidenced by GA presence in placebo group and at baseline. 
 
Several targeted metabolites of the polymer including those from phase 2 metabolic 
processes were monitored but couldn’t be identified during this study, with the exception 
of TEG-COOH in urine and small amounts of PE-monopropionate.   
 
Discussion of recovery in terms of dose administered:   
 
Considering that the drug product has 2 % granisetron in  polymer, the total dose 
of polymer was 980 mg in this study.  Of this, the novel TEG-POE polymer constitutes a 
dose of 784 mg.  Of this dose, ~ 34 % of the polymer dose has been recovered in the form 
of TEG (138 mg) and PE (131 mg).  Thus ~ 515 mg of the polymer dose injected 
subcutaneously has not been accounted for in this study.  Several reasons may exist for 
this including inadequate assay sensitivity (lack of detection of propionic acid, expected 
to form at levels comparable to TEG based on preclinical data), as well as incomplete 
sampling (recovery did not seem complete at 10 days as compared to return to baseline) 
and evidence of nodules under skin for several days after the polymeric injection 
suggesting a subcutaneous depot formation undergoing gradual hydrolysis.   
 
Metabolism to EG and DEG:  Presence of lower glycols such as ethylene glycol, 
diethylene glycol and their toxic metabolites such as glyoxylic acid, glycoaldehyde, 
oxalic acid, 2-hydroxyethoxyacetic acid and diglycolic acid (with the exception of 
glycolic acid) were not measured in this study (and these requests were not part of the 
protocol discussion).   
 
Additional information was requested from the sponsor related to any evidence for 
formation of ethylene glycol and diethylene glycol (and their metabolites) possibly due to 
sequential breakdown of triethylene glycol. 
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The summary of the sponsor’s response (supported by literature) was as follows: 
 
Chemical degradation of TEG: Sponsor notes that the degradation and metabolic 
breakdown pathways for TEG have been characterized in the published literature.  The 
likelihood of TEG breakdown to lower glycols (EG and DEG) is remote in the drug 
product and may occur only in trace amounts after metabolism of these compounds. Their 
metabolites, glyoxylic acid, glycoaldehyde, oxalic acid, 2-hydroxyethoxyacetic acid 
(HEAA), and diglycolic acid would be present at undetectable levels. 
 
Chemical degradation of polyglycols, using tetraethylene glycol was evaluated by 
Glastrup (1996).  Sponsor notes that tetraethylene glycol was found to be stable, with 
only small amounts of TEG (i.e. loss of one ethylene oxide unit), formic acid and formate 
esters of tetraethylene glycol were formed in absence of moisture (stream of dry air for 
10oC). When the same experiment was carried out in presence of moisture, it resulted in 
more extensive degradation of tetraethylene glycol, with the major product being formic 
acid, with small amounts of TEG and DEG observed as well.  Sponsor claims that 
Glastrup’s observations indicate that the chemical degradation of polyglycols mainly 
leads to the formation of formic acid. 
 
Sponsor claims that the formation of EG and DEG in the drug product itself during 
manufacturing and storage is not possible,  

 
  This aspect of drug 

product is supported according to sponsor by retrospective analyses for EG and DEG in 6 
lots of drug product (APF530) (DR 919-122). EG and DEG were either not detected or 
found at levels near the limit of quantitation consistent with the trace levels of EG and 
DEG present in the raw material used in the manufacture of the drug produc  

 
 
Metabolic degradation of TEG:  Sponsor claims that the metabolism of TEG is simple 
and involves oxidation of the alcohol groups present on the TEG to carboxylic acids 
(references cited are McKennis et al 1962, and Ballantyne et al 2007). After oral 
administration of TEG to rats and rabbits, TEG is excreted in both the unchanged and 
oxidized form (carboxylic acid). After, oral administration of C14 TEG to rats, only trace 
amounts of C14 is found as expired carbon dioxide. The majority of the C14 is found in the 
urine as TEG, TEG monocarboxylic acid and TEG dicarboxylic acid. Data from 
fractionated urine indicated that only trace amounts of C14 were present as oxalic acid. 
 
Sponsor further notes that “As seen in the metabolic fate study (C2011-02), TEG is 
released, via hydrolysis, from the polyortho ester polymer (AP135) in the drug product 
(APF530) after injection into the body. Analysis of urine collected from subjects 
identified free TEG and TEG mono-carboxylic acid as the sole TEG metabolite, 
consistent with the published literature. On a daily basis, the molar ratio in urine of TEG 
plus TEG monocarboxylic acid to pentaerythritol, approached the theoretical molar ratio 
of approximately one to one indicating that the vast majority of the TEG is excreted 
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without conversion to lower glycols (EG and DEG), consistent with the known metabolic 
pathways”. 
 
Author also notes: 

 
 
These results by McKinney et al were also summarized again in the toxicology review by 
Ballantyne et al: 
 
Metabolism and Excretion: Studies by McKennis et al. (1962) demonstrated that 
following single peroral doses of 14C-TEG to rats and rabbits the total elimination of 
radioactivity was 91–98% over a 5 day collection period. Of this, the major fraction 
appeared in urine (84–94%), with small amounts in feces and only trace quantities as 
expired 14CO2. The trace of 14CO2 excreted from TEG metabolism contrasts with the 
significantly larger amounts (30–39%) derived from the metabolism of ethylene glycol in 
the rat (Frantz et al., 1996). In urine, TEG was present in unchanged and oxidized forms. 
One oxidation product is probably a monocarboxylic acid formed by metabolic oxidation 
of a single terminal hydroxyl of the parent glycol. Chromatographic examination of urine 
suggested the presence of ethylenedioxydiacetic acid, which possibly is produced by the 
following metabolic sequence: 
 
HOCH2CH2OCH2CH2OCH2CH2OH 
↓ 
HOCH2CH2OCH2CH2OCH2CHO 
↓ 
HOCH2CH2OCH2OCH2OCH2COOH 
 
Fractionation of urine indicated that only negligible amounts of oxalic acid were present. 
Fitzhugh and Nelson (1946) also failed to detect oxalate stone formation following the 
chronic oral administration of TEG to rats. These metabolism findings are consistent with 
the low order of toxicity of TEG. 
 
Comments:  The data presented by the sponsor from literature (preclinical; 14C-labeled 
metabolic fate study in rats; McKinney et al) as well as the data generated in the present 
healthy volunteer polymer fate study generally coincide qualitatively with respect to the 
identity of metabolites (TEG, TEG-COOH).  In addition, sponsor’s assertion that urinary 
recovery of a nearly 1:1 molar ratio of TEG and PE related moieties in the polymer fate 
study suggests that TEG is vastly excreted unchanged without further breakdown into 
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lower glycols  
   

 
Nevertheless, in the absence of data, one worst case scenario to assume would be to 
attribute the ~ 66 % of the unaccounted polymer dose to lower glycols.  Considering the 
clinical dose of APF530 (500 mg) which corresponds to novel polymer dose of 392 mg, 
this amounts to ~ 258 mg dose of polymer that could potentially convert to these lower 
glycols and their metabolites.  
 
If we assume that the remaining dose of polymer in entirety converts to one or more of 
these toxic metabolites (258 mg), what would be the toxicity implications?  
 
It should be noted that Sustol is administered as a single dose ~30 minutes before the 
single day chemotherapy, in the prevention of acute and delayed chemotherapy induced 
nausea and vomiting. Thus the dosing is limited by the frequency of chemotherapy 
administration.  Thus, this will not be a chronic administration scenario.   
 
Overall, data resulting from the polymer metabolic-fate PK study C2011-02 appears 
consistent with the pathway of degradation proposed by the sponsor based on data from 
in vitro aqueous and enzymatic hydrolysis studies and in vivo (animal) experiments using 
the novel polymer.   
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1 Executive Summary 

1.1 Recommendation 
The application is not acceptable from the clinical pharmacology perspective.  The 
comments below should be communicated to the Medical Officer.  Comment #1 should 
be communicated to the sponsor.   
 
Comments: 
1.  In light of QT prolongation signals cited in Sancuso’s label and 2-5 times higher AUC 
and Cmax of granisetron resulting from Sustol than from Sancuso, the TQT study is 
recommended. 
 

 

1.2 Postmarketing Requirements/Commitments 

N/A 

1.3 Regulatory Background 
In accordance with Section 505(b )(2) of the Food, Drug, & Cosmetic Act and Code of 
Federal Regulations 21 CFR §314.50 & §314.54, A.P. Pharma has submitted an original 
New Drug Application (NDA) for a subcutaneous drug product of 2% granisetron 
injection, extended release, for treating chemotherapy induced nausea and vomiting 
(CINV).  The reference listed product for this application is Kytril IV injection.   
 

1.4 Summary of Important Clinical Pharmacology and Biopharmaceutics 
Findings 

As compared to Kyril® (granisetron), the proposed product had an absolute 
bioavailability of approximately 100% in healthy subjects with a much longer Tmax 
(approximately 19 hours at 5 mg, and 9 hrs at 10 mg and 20 mg) following a single 
subcutaneous dose administration of 5 mg, 10 mg, or 20 mg. The proposed product 
showed a close to linear increase with dose for both AUC and Cmax and a high degree 
of variability in its exposure.   
 
In CINV patients, receiving highly or moderately emetogenic cancer chemotherapy, the 
proposed product had a Tmax of 19 hrs at 5 mg and 32 hrs at 10 mg following a single 
dose subcutaneous administration in one study, and of approximately 22 hrs at both 5 
mg and 10 mg in another study. The t1/2 ranged from 29 hrs to 36 hrs at both doses.  
The Cmax and AUC showed an approximate dose proportional increase from 5 mg to10 
mg in one study, but slightly less than dose proportional increase in another.  The 
terminal half life was much longer than the 9 hours observed for Kytril in the target 
population (Kytril’s approved label), likely reflecting the slow release nature of the 
proposed product, not the true half life of granisetron.     
   

(b) (5)
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According to an in-vitro study published by Nakamura et al, CYP1A1 is a major enzyme 
involved in the metabolism of granisetron to 7-hydroxygranisetron and to a less extent to 
9’-desmethylgranisetron in humans.   
 
Based on the clinical endpoint of complete response (no emetic episodes and no use of 
rescue medication) during the acute phase or overall observation period, there appeared 
to be lack of differences in the AUC values of granisetron between the complete 
responders and no complete responders for the 5 mg and 10 mg doses studied. The 
review team is awaiting the review outcome of Sancuso (granisetron transdermal 
system) QT study for its decision on whether the TQT study for this NDA could be 
waived. In light of QT prolongation signals cited in Sancuso’s label and 2-5 times higher 
AUC and Cmax of granisetron resulting from Sustol than from Sancuso, the TQT study 
is recommended. 
 

  
 
 
2 Question Based Review 

2.1 General Attributes 

2.1.1 What is the proposed indication of 2 % Granisetron extended release 
injection? 

The proposed indications are 1) Moderately emetogenic cancer chemotherapy -- 
prevention of acute and delayed nausea and vomiting associated with initial 
and repeat courses; 2) Highly emetogenic cancer chemotherapy -- prevention of acute 
nausea and vomiting associated with initial and repeat courses. 

2.1.2 What are the proposed mechanisms of actions of 2 % Granisetron 
Injection, extended release? 

Granisetron is a selective 5-hydroxytryptamine 3 (5-HT3) receptor antagonist with little or 
no affinity for other serotonin receptors, including 5-HT1; 5-HT1A; 5-HT1B/C; 5-HT2; for 
alpha1-, alpha2- or beta-adrenoreceptors; for dopamine-D2; or for histamine-H1; 
benzodiazepine; picrotoxin or opioid receptors.   Serotonin receptors of the 5-HT3 type 
are located peripherally on vagal nerve terminals and centrally in the chemoreceptor 
trigger zone of the area postrema. During chemotherapy-induced vomiting, mucosal 
enterochromaffin cells release serotonin, which stimulates 5-HT3 receptors. This evokes 
vagal afferent discharge and may induce vomiting. Animal studies demonstrate that, in 
binding to 5-HT3 receptors, granisetron blocks serotonin stimulation and subsequent 
vomiting after emetogenic stimuli such as cisplatin.   
 
Granisetron is a selective 5-HT3 receptor antagonist used as an antiemetic to control 
chemotherapy induced nausea and vomiting (CINV) and post-operative nausea and 
vomiting (PONV).  Granisetron has been approved in the USA for use in the treatment of 
both CINV and PONV. The proposed product (APF530) is a long-acting polymer 
(triethylene glycol based poly-ortho-ester polymer or TEG-POE polymer) formulation of 

(b) (5)
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granisetron that is anticipated to maintain a steady blood concentration of granisetron for 
24 to 36 hours following subcutaneous (sc) injection. Prolongation of the half-life of 
granisetron is expected to provide long-lasting prevention and control of CINV and 
PONV with a single administration and consequently circumvent the need for repeat 
dosing.   

2.1.3 What are the proposed dosing regimens and route of administration? 
The proposed route of administration for all the indications sought approval is 
subcutaneous injection.  The recommended dosage is a single 10 mg subcutaneous 
dose administered approximately 30 minutes before the initiation of single-day 
chemotherapy.   
  

2.1.4 What is the regulatory background? 
In accordance with Section 505(b )(2) of the Food, Drug, & Cosmetic Act and Code of 
Federal Regulations 21 CFR §314.50 & §314.54, A.P. Pharma has submitted an original 
New Drug Application (NDA) for the drug product APF530, 2% granisetron injection, 
extended release, for subcutaneous use.  Granisetron is a serotonin subtype 3 
antagonist (5HT3) for the indications of CINV.  The reference listed product used for this 
application is intravenous Kytril. 
 

2.1.5 Why is the 10 mg dose, not 5 mg dose, chosen for seeking approval? 
Both 5 mg and 10 mg doses were non-inferior to Aloxi in preventing acute-onset CINV 
following moderately or highly emetogenic chemotherapy.  However, only the 10 mg 
dose was non-inferior to Aloxi following moderately emetogenic chemotherapy in the 
delayed phase.  Neither dose was superior to Aloxi for preventing the delayed-onset 
CINV following highly emetogenic chemotherapy.  This is the likely reason that the 
sponsor is only seeking approval for the 10 mg dose.  The treatment-related adverse 
events were similar between 10 mg and 5 mg except more injection site reactions at 10 
mg.  

 
   

 

 
 

 
 

 
 

 
 
 

(b) (4)
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2.2  General Clinical Pharmacology 

2.2.1 What are the design features of the clinical pharmacology studies used 
to support dosing or label claims? 

Study C2004-01 is a double-blind, placebo-controlled, ascending sc dose, sequential 
group study conducted in healthy male subjects to assess the absolute bioavailability of 
APF530 at sc dose levels of 250, 500 and 1000 mg (Groups B, C and D, respectively).    
Granisetron (Kytril®) was administered as an iv infusion at the dose level of 100 µg/kg to 
Groups B, C and D in period 1. The washout period of at least 6 days is considered 
acceptable considering intravenous administration was given in period I and the average 
half life of granisetron is approximately 5 hrs in the approved label.  The study design is 
considered acceptable to support dosing. 
 
Study C2005-01 is an open-label, multicenter, ascending, single sc dose, sequential 
group study to evaluate the PK, tolerability, and safety of APF530 in patients undergoing 
moderately emetogenic chemotherapy for cancer.  Patients received a single APF530 sc 
injection, administered in the abdominal area approximately 30 ± 5 minutes before the 
start of chemotherapy. Due to the availability of patients, patients were almost equally 
distributed between highly emetogenic chemotherapy (n=23; 51%) and moderate to 
minimally emetogenic chemotherapy (n=22; 49%). The study design is considered 
acceptable to support dosing. 
 
Study C2007-01 was a randomized, multicenter, uncontrolled, open-label, PK study 
conducted in subjects with malignant diseases who were scheduled to receive single-
day administrations of moderately or highly emetogenic chemotherapy.   Patients 
received a single APF530 sc injection, administered in the abdominal area 
approximately 30 to 60 minutes before the start of chemotherapy.  The study design is 
considered acceptable to support dosing. 
 
Study C2006-01 was a randomized, multicenter, observer-blind, double-dummy, parallel 
group study conducted in subjects with malignant disease who were scheduled to 
receive single-day administrations of moderately or highly emetogenic chemotherapy 
regimens.  Subjects received study drug in up to four treatment cycles.  Among the total 
of 1428 subjects receiving APF 530 250mg (moderate n = 222, highly n = 253) or APF 
530 500mg (moderate n = 221, highly n = 260); or Aloxi 0.25mg (moderate n = 216, 
highly n = 256).  A total of 41 subjects provided PK assessments. PK analysis was 
performed for APF 530 but not for palonosetron.  A double-dummy design was used to 
aid blinding in Cycle 1 due to the difference in routes of administration between APF530 
(SC) and Aloxi (IV).  Subjects received an SC injection of placebo if they received IV 
Aloxi or an IV injection of placebo if they received SC APF530. Aloxi, APF530, and 
placebo differed in appearance; therefore, injections were administered by designated 
unblinded, qualified, medical personnel, working independently of the blinded study 
personnel.  The study design is considered acceptable for assessing the 
pharmacokinetics of APF 530 in the target population.    
 

2.2.2 What is the absolute bioavailability of the proposed product in healthy 
male subjects? 

A double-blind, placebo-controlled, ascending sc dose, sequential group study (Study 
C2004-01) was conducted in healthy male subjects to assess the absolute bioavailability 
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of APF530 at sc dose levels of 250, 500 and 1000 mg (Groups B, C and D, 
respectively).   The sc dose of APF530 was administered in one side of the abdomen 
and sterile saline (placebo) was administered simultaneously in the opposite side of the 
abdomen, at equivalent dose volumes of 0.11, 0.21 and 0.42 mL for Groups B, C and D, 
respectively.  Granisetron (Kytril®) was administered as an iv infusion over 30 min at the 
dose level of 100 µg/kg to Groups B, C and D. The intervals between period 1 and 2 
were 6 days for groups C and D, and were 8 days for groups B except for one subject 
whose washout period was 6 days.  Either washout period, 6 or 8 days, is considered 
acceptable since intravenous administration was given in period I and the half life of 
ranisetron determined from these three groups was only 3.9 hrs.   The study design is 
summarized below. 
 
Table 1. Summary of study design 

 
  
All participants are healthy males.  Mean (SD) age of 20 subjects in groups B to D was 
34 (10.2) years, and that of group A was 28 (10.6) years.  The body weight of all 
participants ranged from 73 to 93 kg 
  
Table 2. Pharmacokinetic parameters following an intravenous  
dose of 100 µg/kg granisetron  
Parameter Geometric mean (CV%) 
AUCt(ng*h/ml) 163 (80.3) 
Cmax (ng/ml) 44.5 (30.5) 
Tmax (hr)* 0.58 (0.58-2.5)  
T1/2 (hr) 3.87 (61.5) 
CL (min/ml) 733 (82.4) 
Vz (L) 245 (32.2) 
a Median (min-max); N=20 
  
The arithmetic means of AUC, Cmax and Tmax were 198 (106) ng*h/ml, 46.4 (13.5) 
ng/ml, and 0.73 (0.43) hr, respectively. Plasma concentrations of granisetron declined to 
levels below the limit of quantification (0.30 ng/mL) in all subjects at 120, 144, 144 and 
168 hours post-dose for the 125 mg, 250 mg, 500 mg and 1 g sc doses of APF530, 
respectively.  The half-life of granisetron following a 3-min infusion of a single 40 mcg/kg 
dose of KYTRIL was 4.91 hr (range: 0.88 to 15.2) in healthy 21-42 year olds, according 
to the 2005 approved labeling of Kytril. The average half life of intravenous KYTRIL 
obtained in this study is similar to what is stated in the Kytril label.    
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Figure 1. Geometric Mean Plasma Concentrations of Granisetron Following Single SC 
Doses of APF530 (Linear Scale) 
 

 
 
The sponsor stated that there was a small second peak for each dose and it was not 
possible to calculate t1/2 for the majority of subjects.  Since the half life values were 
estimated for the target patients in other studies, it is acceptable that they were not 
estimated in healthy subjects.   
 
The pharmacokinetic parameters for granisetron following single doses of APF530, 
125mg. 250mg. 500 mg, 1 g) are summarized below. 
 
Table 3. Summary of the Pharmacokinetic Parameters for Granisetron Following Single 
SC Doses of APF530 
 125 mg  

(2.5 mg) 
N=6 

250 mg  
(5 mg) 
N=7 

500 mg  
(10 mg) 
N=6 

1 g  
(20 mg) 
N=6 

AUCt(ng*h/ml) 60.4 (45.4) 131 (98.7) 343 (275) 658 (219) 
Cmax (ng/ml) 2.04 (1.24) 4.17 (2.47) 10.6 (7.91) 18.1 (8.57) 
Tmax (hr) 18.7 (26.1) 19.3 (34.1) 9 (4.69) 9.33 (3.27) 
Arithmetic mean (SD) data are presented; a Median (min-max); N = Number of subjects studied 
 
Tmax occurred much earlier at 10 mg and 20 mg than at 2.5 mg and 5 mg.  It is possible 
that the physical interactions between polymers and granisetron molecules and the 
viscosity of the polymer matrix, which is designed to render a sustained release of drug 
molecules, might have actually entrapped drug molecules to a greater extent at lower 
doses than at higher doses.  As a result, release of granisetron molecules at the two 
lower doses was further delayed and resulted in longer Tmax, as compared to the two 
higher doses. Median (range) Tmax values at 2.5mg, 5 mg, 10 mg, and 20 mg were 8 
(8-72),  8(1-96), 8 (2-16), and 10 (4-12) hrs, respectively.  In short, the proposed product 
has a high degree of variability in Tmax especially at lower doses.   

 
AUCt and Cmax were tested for the dose proportionality over the dose range 125 mg to 
1 g APF530 (2.5 to 20 mg granisetron) using a power model of the form: 
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Y = a*(dose)b * error 
 
where Y is the pharmacokinetic parameter, and a and b are the coefficient and 
exponent, respectively, of the power equation. 
By taking logarithms, the power model was analysed using linear regression with the 
form: ln(Y) = a + b*ln(dose) + error 
 
For AUCt, the statistical analysis showed that the estimate of the slope (95% CI) from 
the regression analysis was 1.27 (0.867 to 1.68).  Since 95% CI was wide, the slope 
showed no difference between 1.27 and unity.  For Cmax, the estimate of the slope 
(95% CI) from the regression analysis was 1.07 (0.748 to 1.38).  The CV% values for 
AUC and Cmax were 91.9 and 67.5, respectively.   
 
Reviewer’s comments: The pharmacokinetic characteristics of the proposed product 
show high variability.  The statistical analysis of the dose proportionality between 125 mg 
and 1 g and the resulting conclusion are considered acceptable.   
 
 Based on the intravenous and subcutaneous results, the absolute bioavailability of 
granisetron for the SC doses of APF530 was summarized below. 
  
Table 4. Absolute Bioavailability (%) of Granisetron for the SC Doses of APF530 

 
LS mean ratio (95% CI) data are presented (as percentages); N = Number of subjects studied  
 
The absolute bioavailability based on AUCall (AUC from time zero to last blood sampling 
time point) ranged from 68 to 147%, 68 to 186%, and 69 to 118% for the 250 mg, 500 
mg and 1 g dose levels of APF530, respectively.  Kytril label indicates that intravenous 
granisetron show high intersubject and intrasubject variability, which could offer a 
plausible explanation for the observed high absolute bioavailability up to 186% in a 
subject. 
 
Adverse events observed:  According to the sponsor, “Across all sc doses, the injection 
site reactions were mild in severity, with the exception of two reports of moderately 
severe injection site pain. There were a small number of drug-related adverse 
events following both the iv and sc doses. These included headache and fatigue 
following the iv dose of granisetron, and headache, upper abdominal pain, constipation 
and somnolence following the sc doses of APF530.”  The sponsor claimed that there 
were no drug-related trends observed in the clinical laboratory, vital signs or 12-lead 
ECG parameters following the sc doses of APF530 or the iv dose of granisetron. 
 
Reviewer’s comments: Subcutaneous APF530 showed a close to linear increase with 
dose for AUC and Cmax, with AUC exhibiting a slightly more deviation from unity as 
compared to Cmax. Though subcutaneous APF530 showed an absolute bioavailability 
of close to 100% between 250 mg an 1 g, it is concerning that this product showed a 
high degree of variability in its absolute bioavailability.    
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Though the sponsor conducted an absolute bioavailability study instead of a 
bioequivalence study comparing its product with intravenous Kytril, the sponsor did 
conduct a pivotal clinical study (study C2006-01).   

 
   

 

2.2.3 What are the pharmacokinetic characteristics of APF530 in patients 
undergoing emetogenic chemotherapy for cancers? 

 
Study C2005-01 was designed to be an open-label, multicenter, ascending, single sc 
dose, sequential group study to evaluate the PK, tolerability, and safety of APF530 in 
patients undergoing moderately emetogenic chemotherapy for cancer.  Patients 
received a single APF530 sc injection, administered in the abdominal area 
approximately 30 ± 5 minutes before the start of moderately / highly emetogenic 
chemotherapy. A local anesthetic (lidocaine or ethyl chloride spray) was applied to the 
patient's abdomen at the injection site prior to study drug administration.  Prohibited 
medications included antiemetics and cytochrome P450 3A4 (CYP3A4) subfamily of 
inhibitors within 10 days of administration of APF530.  This study was conducted at six 
clinical sites in the United States. 
 
There were ten patients in each treatment group. 

 
 
APF530 250 mg (5 mg granisetron), 500 mg (10 mg granisetron), 750 mg (15 mg 
granisetron) were given by subcutaneous injection. The average (SD) ages for 250 mg, 
500 mg and 750 mg were 67.4 (13), 59.9 (12.9), and 64.3 (10.6) years.  No body weight 
information was available. There were 37 females and 18 males (7F & 4M in group A, 
11F and 4M in group B, and 9F and 4M in group C where F represents female and M 
male).  Some subjects were found to have been administered highly emetogenic 
chemotherapy after retrospective evaluation of their treatments by applying the Hesketh 
algorithm.  As a result, patients were almost equally distributed between highly 
emetogenic chemotherapy (n=23; 51%) and moderate to minimally emetogenic 
chemotherapy (n=22; 49%). Dexamethasone was the steroid used. 
 
The plasma concentration/time profile for each dose group is shown below. 
 
Figure 2. Mean concentrations (SD)/time profiles of granisetron   

(b) (4)
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Note: Formulations of 250 mg, 500mg, and 750 mg contain 5mg, 10mg, and 25 mg granisetron, 
respectively.  
 
The pharmacokinetic parameters estimated for the three dose groups are listed below. 
 
Table 5. Mean (SD) Pharmacokinetic Parameters for granisetron 
Dose group Cmax (ng/ml) AUC(0-168 hr) 

(ng*hr/ml) 
Tmax*(hr) T1/2(hr) 

5 mg (N=17) 10.3 (6.5) 645 (653) 23.1 (6-48) 31.7 (10.9) 
10 mg (N=15) 22.5 (23.6) 1348 (1253) 23.3 (6-49.4) 28.4 (14.2) 

25 mg (N=13) 29.8 (17.5) 2155 (1201) 24 (6-47.6) 32.1 (11.4) 

* Mean (range); Arithmetic means are reported. 
 
The Tmax values were very similar among all the three dose groups in cancer patients, 
and were higher than those observed in healthy subjects (study C2004-01).  The half life 
of APF530 in cancer patients was approximately 5-6 fold longer than those reported for 
intravenous granisetron in either healthy subjects (4.9 hr) or in cancer patients (~ 9 hrs). 
One possible explanation is that the pharmacokinetic terminal phase of APF530 
observed might actually represent the release phase and the t1/2 determined was 
actually the release half-life.  Based on the information provided, the rate-limiting step in 
reaching the circulation is likely the release of granisetron from the viscous polymeric 
deport, not the absorption step from subcutaneous tissue into the circulation.    
  
Figure 3. Granisetron Cmax(0-168h) and AUC(0-168h) Dose Relationships 
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Cmax and AUC each showed an approximately dose-proportional increase between 5 
mg and 25 mg.   
 
Adverse events were reported in 82.2% of patients overall, 76.5% (13 of 17) patients 
administered 250 mg, 80.0% (12 of 15) patients administered 500 mg, and 92.3% (12 of 
13) patients administered 750 mg APF530. Adverse events related to study drug, those 
AEs considered possibly, probably or definitely related to study drug were reported in 
28.9% (13 of 45) patients overall.   The most frequently reported AEs, (3 or more of 45 
patients; ≥ 5%,) were: nausea (10 of 45; 22.2%); headache (8 of 45; 17.8%); 
constipation (7 of 45; 15.6%); diarrhea (15.6%); fatigue (6 of 45; 13.3%); vomiting (4 of 
45; 8.9%); anorexia (8.9%); decreased weight (8.9%); injection site erythema (8.9%) and 
induration (3 of 45; 6.7%); asthenia (6.7%); pyrexia (6.7%); dizziness (6.7%); anemia 
(6.7%); and neutropenia (6.7%).   
 
Comments:  These adverse events are severe.  To gain a better understanding of the 
safety profile of the proposed product, a much larger clinical study with a meaningful 
statistical analysis is needed.  
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2.2.4 What are the pharmacokinetic characteristics of APF530 in patients 
undergoing predominately highly emetogenic chemotherapy for 
cancers? 

Study C2007-01 was a randomized, multicenter, uncontrolled, open-label, PK study 
conducted in subjects who were scheduled to receive single-day administrations of 
moderately or highly emetogenic chemotherapy as classified according to the Hesketh 
algorithm.   The primary objective of the study was to determine the PK parameters of 
two doses of APF530 (5 mg and 10 mg) in subjects undergoing moderately or highly 
emetogenic chemotherapy. 
 
Intravenous dexamethasone was administered to all subjects 30 to 90 minutes before 
the start of chemotherapy (8 mg for subjects scheduled to receive moderately 
emetogenic chemotherapy and 20 mg for those scheduled to receive highly emetogenic 
chemotherapy). Oral dexamethasone (8 mg twice a day) was given for the next 3 days 
(Days 1, 2, and 3) to all subjects treated with highly emetogenic chemotherapy.  Kytril 
(granisetron) was not allowed. Kytril (either oral or IV), systemic corticosteroids, and 
restricted medications (other corticosteroids, CYP3A4 inhibitors and inducers) were to 
be discontinued at least 7 days prior to study drug administration 
 
A total of 35 white female subjects participated with 17 in 5 mg group and 18 in the 10 
mg group. Mean (SD) age was 55.7 (9.28) and 55.5 (8.47) in the 5 mg and 10mg 
groups, respectively. Mean (SD) body weights were 143.8 (23.8) and 150.6 (37.54)lb, 
respectively. Two subjects received moderate emetogenic chemotherapy and 15 
subjects highly emetogenic chemotherapy in the 5 mg group.  Four subjects received 
moderate emetogenic chemotherapy and 14 subjects highly emetogenic chemotherapy 
in the 10 mg group. Injections were given in the abdominal area 30~60 minutes before 
the subject’s scheduled chemotherapy (Day 0).   
 
Table 6. Mean (CV%) pharmacokinetic parameters of APF530 predominately in patients 
undergoing highly emetogenic chemotherapy 
 Cmax 

(ng/mL) 
Tmax 
(hr) 

AUC0-168 
(ng·hr/mL) 

AUC0-∞ 
(ng·hr/mL) 

T1/2 
(hr) 
  

CL/F 
(ml/hr) 

Vz/F 
(ml) 

5 mg 11.8 
(99%) 

18.5 
(40%) 

650 (55%) 760 (50%) 31.6 
(37%) 

8496 
(54%) 

367608 
(49%) 

10 mg 17.8 
(133%) 

31.6 
(87%) 

996 
(103%) 

1195 
(113%) 

28.8 
(39%) 

27499 
(127%) 

943758 
(104%) 

5 mg group: N=17 for Cmax and Tmax, 15 for AUC0-168 and 12 for AUC0-∞, 12 for the 
rest.  10 mg group: N=18 for Cmax and Tmax, 17 for AUC0-168 and 10 for AUC0-∞, N=10 
for the rest. 
 
Reviewer’s comments: Both Cmax and AUC showed slightly less than dose-proportional 
increase from 5 mg to 10 mg.  The Tmax value at 10 mg was almost twice as long as 
that at 5 mg.  This result is inconsistent with what was observed in Study C2005-01. 
However, the half-life values are similar to those observed in Study C2005-01.  Study 
C2007-01 had only female subjects while in study C2005-01 one-third of the patients 
were males.  
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Safety summary: During study participation no subjects died, had treatment-related 
SAEs, or discontinued due to AEs. Of the 35 subjects who had abdominal injection site 
assessments, 3 had a lump (1 in the 5 mg group and 2 in the 10 mg group), 2 had 
bruising (1 in each dose group), 2 had redness (1 in each dose group), and 1 had 
tenderness/pain (in the 10 mg dose group).  One adverse event (1 occurrence of nodule) 
was  considered related to treatment. The only other treatment-related AE was mild or 
moderate constipation, which occurred in 4 subjects (3 in the 5 mg group and 1 in the 10 
mg group). Changes from screening to Day 7 in vital signs and ECG parameters were 
small and were not notably different between treatment groups. No subjects had 
clinically significant ECG abnormalities and none had any changes in any physical 
examinations. 
  

2.2.5 Is there exposure/response or dose/response relationship of APF530 in 
patients undergoing emetogenic chemotherapy for cancers (study 2006-
01)? 

Study 2006-01 is a pivotal clinical trial with a small subset of patients participating in the 
PK assessments of APF530.  Primary efficacy parameters were 1) proportion of subjects 
with complete response during the acute phase (0 to 24 hours) following the 
administration of chemotherapy in Cycle 1; and 2) proportion of subjects with CR during 
the delayed-onset phase (24 to 120 hours) following the administration of chemotherapy 
in Cycle 1. The 5 mg and 10 mg doses of APF530 used in the study were based on 
previous human experience with APF530 in Phase 1 and 2 trials and supported by the 
doses of granisetron used clinically. 
 

 
 
 
Table 7. Summary of Current Chemotherapy Regimens in Cycle 1 Among Subjects in 
the Moderately Emetogenic Stratum 
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Table 8. Summary of Chemotherapy Regimens in Cycle 1 Among Subjects in the Highly 
Emetogenic Stratum 

 
 
 
Table 9. Summary of dexamethasone administration during Cycle 1   

 
 
From study 2006-01, the PK assessments were performed during cycle 1 and included 
41 subjects for APF530 250 mg (5 mg granisetron) and 35 subjects for APF530 500 mg 
(10 mg granisetron).  The sponsor did a crude analysis of the exposure/response 
relationship, clinical responses used in its analysis are defined below for reference. 
Based on diary entries, the following efficacy measures were evaluated daily during the 
first 5 days after administration of chemotherapy in each treatment cycle: 
Complete Response (CR): No emetic episodes and no use of rescue medication. 
Complete Control (CC): Complete response with no more than mild nausea. 
Total Response (TR): Complete response with no nausea. 
 
The sponsor did not conduct any statistical analysis but presented several graphical 
comparisons. Based on the following two figures, the sponsor concluded that there is no 
evident correlation between AUC and efficacy for either moderately or highly emetogenic 
groups.  No statistical analysis was performed between granisetron exposure and ECG 
either, though both pharmacokinetic samplings and ECG monitoring were conducted.  
The results from the overall period are shown below in the following figures. The acute 
phase results reflect the responses observed within 24 hrs after dosing and results are 
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not shown here since they did not show difference between the complete response and 
no-complete response groups either.    
 
Figure 4. AUC (0-120h) Complete Response vs. No Complete Response (5mg 
granisetron overall) 
 
 

    
 
Though the mean AUC in the complete response group was slightly higher than that in 
the no-complete response group, the difference is not statistically different. 
 
Figure 5. 10mg Granisetron Overall: AUC (0-120h) Complete Response vs. No 
Complete Response 

 
 
The mean AUC values in both the complete response and no-complete response groups 
were similar. 
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In summary, both doses and for both acute phase and overall period, the data showed 
no evident correlation between AUC and efficacy.  Carmichael et al, 1989, based on a 
small anti-emetic study in patients receiving highly emetogenic chemotherapy, 
concluded that there was considerable interindividual variation in the plasma granisetron 
levels and associated AUC values but that there was a nonstatistically significant 
tendency for higher AUC to be associated with a favorable clinical response.  The 
current report is somewhat in agreement with what was reported by Carmichael ea al. 
 

2.2.6 Is there an exposure/ECG relationship following a single subcutaneous 
dose of APF530? 

 
During study 2006-01, a pivotal phase 3 observer-blind, randomized clinical trial of the 
efficacy and safety of APF530 compared to Aloxi® for the prevention of acute-onset and 
delayed-onset chemotherapy-induced nausea and vomiting following the administration 
of either moderately or highly emetogenic chemotherapy regimens, ECG was monitored 
intensely in the group of patients who participated in the PK assessment. 
 
ECG/PK subgroup 

 
 
Table 10. Mean (CV%) pharmacokinetic parameters of APF530 in During Cycle 1 
(PK/ECG Population) 
 Cmax 

(ng/mL) 
Tmax 
(hr) 

AUC0-24 
(ng·hr/mL) 

AUC0-120 
(ng·hr/mL) 

AUC0-∞ 
(ng·hr/mL) 

T1/2 
(hr) 
  

CL/F 
(ml/hr) 

Vz/F 
(ml) 

5 mg 10.8 
(53%) 

22.0 
(48%) 

 167 
(56%) 

592  
(51%) 

697  
(40%) 

30.8 
(26%) 

8754 
(53%) 

409763 
(69%) 

10 mg 17.8 
(59%) 

21.3 
(38%) 

282  
(62%) 

1080 
(70%) 

1458 
(65%) 

35.9 
(51%) 

10796 
(88%) 

449056 
(57%) 

5 mg group: N=41 for Cmax, AUC0-24, and Tmax, N=35 for AUC0-120, and N=21 for the rest.   
10 mg group: N=35 for Cmax, AUC0-24, Tmax, and AUC0-120, N=18 for the rest. 
 
 The results of this study showed an approximate increase with dose for both Cmax and 
AUC. This is consistent with the results of study 2005-01. 
 
Regarding the ECG/PK analysis from study 2006-01 where 12-ECG monitoring was 
included, the GI team sent a consult request to the QT/IRT team on September 24, 
2009.  The QT/IRT team responded that it had completed a consult review in response 
to an earlier consult request dated 27 January 2009.  For the January 2009 consult 
request, the QT/IRT completed its review on March 12, 2009 (see Appendix 1), which 
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also covered study 2006-01. The comments regarding study 2006-01from the QT/IRT 
team are quoted below.  
 
“Maximum increase from baseline of QTcF was recorded for all three treatments at 12 
hours after dosing (5 mg APF530, 18.6 msec; 10 mg APF530, 20 msec; palonosetron, 
18.1 msec). QTcF then returned toward baseline levels by 20 hours for palonosetron 
and by 48 hours (or possibly earlier) for both doses of APF530.  “QTcF exceeded 500 
msec only once in a subject in the palonosetron group at 8 hours. QTcB exceeded 500 
msec in that subject as well as in a subject in the 5 mg APF530 group at 72 hours. 
“Pharmacokinetic findings obtained in this study and in previous work are helpful in 
interpreting the observed changes in QTcF. Figure 3 below shows group mean (± S.E.) 
plasma concentrations for the two doses of APF530 in this study. The highest measured 
concentrations were achieved at the 22-28 hour time point. This is consistent with 
previous studies (C2005-01 and C2007-01) in cancer patients, in whom Tmax was 
observed at approximately 24 hours.” 
 
Figure 6. Plasma concentration/time profiles for both 5 mg and 10 mg groups  

 
 
QT-IRT Reviewer’s Comments are quoted herein: “QT-IRT team reviewed a TQT study 
of administering 0.25 mg, 0.75 mg and 2.25 mg palonosetron to healthy volunteers 
(conducted under NDA 21-372). There was no significant effect of palonosetron 
administration on the QT interval; the maximum mean increase in ∆∆QTcI was below 10 
ms, the threshold of regulatory concern. Therefore, the QT results obtained in Study 
C2006-1 may be confounded by concomitant QT prolonging drugs (anthracyclines) and 
lack of placebo control.   
 
The QT-IRT team has not conducted an independent review of QT results from C2006-
1.” 
  
QT/IRT teams has the following comments for Division of Gastroenterology. 
 
“Based on the clinical PK data provided by the sponsor, the variability in the PK 
variables following administration of single SC doses of APF530 are more variable than 
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those of granisetron IV. The CV% for Cmax ranged from 47.3% to 136% for SC doses of 
APF530 compared to CV% of 29% for granisetron IV. Despite the high variability in the 
APF530 formulation, the plasma granisetron concentrations are lower than those 
observed for the IV formulation. For example, the highest plasma concentration of 29.8 
ng/ml (with upper 2•SD of 65 ng/ml) was observed for the 750-mg dose in Study C2005-
01. These values do not exceed the range of Cmax values for the 40-mcg/kg dose of 
KYTRIL and the 100-mcg/kg dose of granisetron. The APF530 doses to be evaluated in 
the pivotal phase 3 study (C2006-1) are 250 mg APF530 and 500 mg APF530 which are 
not expected to exceed the these exposures.” 
 
Since the statement of “The QT-IRT has not conducted an independent review of QT 
results from C2006-1.” is somewhat confusing, the GI team requested clarification from 
the QT/IRT team and requested a review of QT results from C2006-01 in September, 
2009.  The QT/IRT’ response was that it would not conduct another review and its 
conclusion is as stated in the March, 2009 review report (see above).   
 
PK comparison of Sancuso and Sustol   

• Sancuso (information from its approved label) 
– TQT study is being review 
– QTcF prolongation greater than 450 milliseconds 11 (1.9%) patients with 

8 (2.7%) on oral granisetron and 3 (1.1%) on the patch 
–  AUC0-168: 527 ng*hr/ml; Cmax: 5.0 ng/ml 

• Sustol 
– AUC0-168: 1348 ng*hr/ml; Cmax: 22.5 ng/ml (study 2005-01) 
– AUC0-168: 996 ng*hr/ml; Cmax: 17.8 ng/ml (study 2007-01) 

 
 
Reviewer’s comment:  In light of QT prolongation signals cited in Sancuso’s label and 2-
5 times higher AUC and Cmax of granisetron resulting from Sustol than from Sancuso, 
the TQT study should be recommended. 
 

2.2.7 Do intrinsic factors affect the systemic exposure of granisetron 
following a single subcutaneous dose of APF530? 

To understand the influences of intrinsic factors on the systemic exposure of granisetron, 
the sponsor combined the data from three clinical trials, studies 2005-01, 2006-01, and 
2007-01. The results here represent only crude analysis since the sponsor did not use 
population pharmacokinetic analysis to determine the impact of each factor as a 
covariate.  The sponsor did not provide pooled calculated AUC values. 
 
Figure 7. Subjects Age 65 and Over vs. Subjects Age Under 65 Administered a 500mg 
Dose of APF530 (10mg Granisetron) 
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N=17 for Subjects Age 65 and Over and N=50 Subjects Age Under 65 (from studies 
2005-01, 2006-01, and 2007-01) 
 
Comments: Based on the graphic data, there is no significant difference in the systemic 
exposure of AFP530 between subjects over and under 65 years of age.   
    
Figure 8. Female vs. Male Subjects Administered a 500mg Dose of APF530 (10mg 
Granisetron) 
 

 
 
N=52 for female subjects and N=14 male subjects (from studies 2005-01, 2006-01, and 
2007-01) 
 
Comment: Based on the graphical data, there is no significant difference in the systemic 
exposure of APF530 between female and male subjects.  
 
The sponsor also made similar comparisons for the 250 mg formulation with regard to 
age and gender, and the results showed a similar trend as the 500 mg formulation.  
Since the sponsor is seeking approval for the 500mg formulation, these results are not 
shown here.  Though the sponsor did request inclusion of languages with regard to the 
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relation between pharmacokinetic exposures and gender or age (over 65 vs younger), 
the languages used are descriptive.  In the Kytril label, it is stated that “The ranges of 
the pharmacokinetic parameters in elderly volunteers (mean age 71 years), given a 
single 40 mcg/kg intravenous dose of KYTRIL Injection, were generally similar to 
those in younger healthy volunteers; mean values were lower for clearance and 
longer for half-life in the elderly patients .”  As shown in table I of Kytril label, average 
pK parameters were lower in volunteers aged between 65 to 81 years than in those 
aged between 21 to 42 years. However, no statistical differences were achieved due 
to high variability. So, it is acceptable that the sponsor did not provide numerical data 
and statistical analysis to delineate such a relation. 
 

2.2.8 Do extrinsic factors affect the systemic exposure of granisetron 
following a single subcutaneous dose of APF530?  

To understood the influences of extrinsic factors on the systemic exposure of 
granisetron, the sponsor combined the data from three clinical trials, studies 2005-01, 
2006-01, and 2007-01 for a crude analysis. The results below only represent the 
outcome of crude analysis since the sponsor did not use population pharmacokinetic 
analysis to determine the impact of each factor as a covariate.  
 
Figure 9. Chemotherapy Naive vs. Previous Chemotherapy Subjects Administered a 
500mg Dose of APF530 (10mg Granisetron) 

 
  
N=25 for chemotherapy naïve and N=41 for previous Chemotherapy (from studies 2005-
01, 2006-01, and 2007-01) 
 
Comment: Based on graphic readings, previous chemotherapy subjects had higher 
systemic exposure than chemotherapy naïve subjects. 
 
 
Figure 10. Highly vs. Moderately Emetogenic Regimen Subjects Administered a 500mg 
Dose of APF530 (10mg Granisetron) 
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N=38 for highly emetogenic regmen subjects and N=27 for moderately emetogenic 
regmen (from studies 2005-01, 2006-01, and 2007-01) 
 
 
Comment: Based on graphic readings, subjects on moderate emetogenic regimens had 
much higher systemic exposure than subjects on highly emetogenic regimens. 
 
 
 
Figure 11. Alcohol Users vs. Non-using Subjects Administered a 500mg Dose of 
APF530 (10mg Granisetron) 

 
 N=30 for alcohol users and N=36 for alcohol non-using subjects (from studies 2005-01, 
2006-01, and 2007-01) 
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Comment: Based on graphic readings, alcohol non-users had much higher systemic 
exposure than alcohol users. 
 
Figure 12.  Tobacco Smoking vs. Non-smoking Subjects Administered a 500mg Dose of 
APF530 (10mg Granisetron) 

 
 
 
N=20 for tobacco smoking subjects and N=46 for tobacco non-smoking subjects (from 
studies 2005-01, 2006-01, and 2007-01) 
 
Comment: Based on graphical readings, tobacco non-smoking subjects had much 
higher systemic exposure than tobacco smoking subjects. 
 
The sponsor also made graphical similar comparisons for the 250 mg formulation with 
regard to all the above extrinsic factors, and the results showed a similar trend as the 
500 mg formulation.  Since the sponsor is seeking approval for the 250 mg formulation, 
these results are not shown here. The sponsor also compared the systemic exposure of 
granisetron between Caucasians and non- Caucasians and the graphic comparison did 
not reveal any difference (not presented).  The impacts of anthracycline on the systemic 
exposure of granisetron were compared for 500 mg APF530 and 250 mg APF 250mg 
but the results did not show a trend with respect to dose.  Therefore the graphic 
comparison for the 500 mg is not shown here either. 
  
The sponsor did not request inclusion in its proposed labeling of the r relation 
between extrinsic factors and APF 530 exposure.  The sponsor did not provide 
any information to demonstrate that confounding factors had been excluded in its 
analysis.  Therefore, it is not known whether the observed differences caused by 
individual extrinsic factors are credible. 
  

2.2.9 Do intrinsic or extrinsic factors affect the clinical responses following a 
single subcutaneous dose of APF530? 
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The results are from a subset of Study C2006-01 participants who participated in the QT 
monitoring/PK assessment.   
 
Table 11. Background information on individuals treated with 10 mg granisetron in the 
highly emetogenic group – Complete Response for Overall Period (0-120 hr) 

 
 
  
Table 12. Background information on individuals treated with 10 mg granisetron in the 
highly emetogenic group – No Complete Response for Overall Period (0-120 hr) 

 
 
Based on the two tables above, the sponsor concluded that males appeared more likely 
to show an overall complete response than females with all other factors relatively 
evenly distributed between the two sets of data.  In the female groups at both doses 
there was a tendency for the mean values of AUC to be lower in the non-responders.  
No such conclusion could be drawn in the male groups since the number of subjects 
was small. 
 
Table 13. Background information on individuals treated with 10 mg granisetron in the 
moderately emetogenic group – Complete Response for Overall Period (0-120 hr) 
 

 
 

 
  
Table 14. Background information on individuals treated with 10 mg granisetron in the 
moderately emetogenic group – No Complete Response for Overall Period (0-120 hr) 
 

 
 

 
 
Based on the two above tables, the sponsor concluded that both females and 
anthracycline as a component of chemotherapy may be contributing factors to no 
complete response with all other factors relatively evenly distributed between the two 
sets of data. 
 
Reviewer’s comments:  According to the reported data and literature, there is no 
reported correlation between AUC and efficacy.  One possible contributing factor is that 
the AUC values are highly variable. The sponsor’s conclusions about the relation 
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between anthracycline and gender each with the efficacy of APF530 are qualitative at 
best since no statistical analyses were performed.   
 

2.2.10 What is the role of CYP1A1 in the hepatic metabolism of granisetron? 
 
It is known that, in humans, grainsetron is mainly metabolized to 7-hydroxygranisetron 
and to a lesser exten to 9’-desmethylgranisetron. The sponsor submitted a paper 
published by Nakamura et al in Current Drug Metabolism (2005, 6:469-480), and entitled 
“CYP1A1 Is a Major Enzyme Responsible for the Metabolism of Granisetron in Human 
Liver Microsomes,” to support adding the involvement of CYP1A1 in granisetron 
metabolism to its proposed label.  This published paper has been reviewed and 
summarized below.  
 
Human liver microsomes prepared from 17 individual Caucasians and 16 individual 
Japanese were used along with commercial antibodies to human CYP1A1, CYP1A2, 
CYP2D6 and CYP3A4 produced in rabbits and commercial microsomes expressing 
individual human CYP450 enzymes.   Benzo[a]pyrene 3-hydroxylase activity and 
testosterone 6b-hydroxylase activity were used to demonstrate respective activities of 
CYP3A4 and CYP1A1.  
  
 

 
 
Figure 13. Comparison of granisetron 7-hydroxylase and 9’-demethylase activities 
among expressed human CYPs. Incubation mixtures containing 80 pmol/mL of CYP and 
2 mM (A) or 100 mM (B) of granisetron were incubated for 30 min. 
 
The results above demonstrate that when incubated with human liver microsomes, 
granisetron-7-hydroxylation was prominent than 9’-desmethylation. 
 
Table 15. Kinetic Parameters of Granisetron 7-Hydroxylation and 9’-Demethylation by 
Expressed CYP1A1 and CYP3A4 
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It is interesting that 9’-demethylation by CYP1A1 showed a two-enzyme kinetics.  The 
author did not offer any explanation.  The results showed that the 7-hydroxylation by 
CYP1A1 is a high affinity and high capacity process as compared to that by CYP3A4.  
The 9’-demethylation step by CYP1A1 showed a high affinity and low capacity by 
CYP1A1 and a low affinity and high capacity by CYP3A4. 
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Figure 14. Correlation between granisetron 7-hydroxylation and benzo[a]pyrene 3-
hydroxylation (A) or testosterone 6b-hydroxylation (B), and the correlation between 
granisetron 9’-demethylation and benzo[a]pyrene 3-hydroxylation (C) or testosterone 6b-
hydroxylation (D), and the correlation between granisetron 7-hydroxylation and 
9’desmethylation (E) in human liver microsomes (n = 33). The line indicates the linear 
regression line of the best fit to the data. 
 
The results shown above demonstrated that Granisetron 7-hydroxylation correlated with 
CYP1A1 activity but not with CYP3A4 activity.  Granisetron 9’-demethylation exhibited a 
stronger correlation with CYP3A4 activity than with CYP1A1 activity. 
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Figure 15.  Immunoinhibition of granisetron 7-hydroxylation in human liver microsomes 
by anti-CYP1A1 (A), anti-CYP1A2 (B), anti-CYP2D6 (C) or anti-CYP3A4 (D) antibodies. 
Various amounts of anti-CYP antiserum and normal rabbit serum (total of 10 mL) were 
preincubated with 0.5 mg protein of human liver microsomes at room temperature for 10 
min before the addition of granisetron (2 mM of final concentration) and other 
components. The control activities of HLM059 (open circles), HLM138 (closed circles), 
HL212 (open triangles) and HL318 (closed triangles) were 12.05, 34.24, 13.08 and 
11.85 pmol/nmol CYP/min, respectively. 
 
The results shown above illustrate that granisetron 7-hydroxylation in human liver 
microsomes was greatly inhibited by anti-CYP1A1 antibody, not by other antibodies.  It is 
concluded that this metabolism pathway of granisetron in human liver microsomes was 
mainly through the CYP1A1 action.    
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Immunoinhibition of granisetron 9’-desmethylation in human liver microsomes by anti-
CYP1A1 (A), anti-CYP1A2 (B), anti- CYP2D6 (C) or anti-CYP3A4 (D) antibodies. 
Various amounts of anti-CYP antiserum and normal rabbit serum (total of 10 mL) were 
preincubated with 0.5 mg protein of human liver microsomes at room temperature for 10 
min before the addition of granisetron (2 mM of final concentration) and other 
components. The control activities of HLM059 (open circles), HLM138 (closed circles), 
HL212 (open triangles) and HL318 (closed triangles) were 5.60, 8.58, 5.92 and 5.81 
pmol/nmol CYP/min, respectively. 
 
The results shown above illustrate that granisetron 9’-desmethylation in human liver 
microsomes was greatly inhibited by anti-CYP1A1 and anti-CYP3A4 antibodies.  It is 
concluded that this metabolism pathway of granisetron in human liver microsomes was 
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through the actions of both CYP1A1 and CYP3A4, though anti-CYP1A1 antibody 
surprisingly seemed to exert a stronger effect than anti-CYP3A4. 
 
Reviewer’s comments:  Based on the results presented in the published paper, the 
reviewer agrees with the authors in that CYP1A1 is the major enzyme responsible for 
the metabolism of granisetron via a main 7- hydroxylation pathway and an alternative 9’-
demethylation route. 
 

2.3 General Biopharmaceutics 

2.3.1 Is the to-be-marketed formulation identical to the one used for the phase 3 
bioequivalence trial? 

  
Composition of APF530, 500 mg (phase I, 2A, 2B, and III trials) 
  
Component Concentration 

(% w/w) 
To deliver 
(mg/unit) 
 

To fill (mg/unit) 
 

Function 

AP135 78.4 392 Excipient 
MPEG  19.6 98 Excipient 
Granisetron 2 10 active 
Totals 100 500  
 
The to-be-marketed and clinical formulations are identical.  There appeared to be some 
differences in the molecular weight distribution between the polymers used for the 
clinical and to-be-marketed formulations.  The Biopharm team of ONDQA is reviewing 
whether such a difference in molecular weight distribution of polymers and the in-vitro 
release rates reported by the sponsor and will make a decision as to whether a 
bioequivalence study is needed.   
 

2.3.2 What is the to-be-marketed formulation? 
 
The proposed product is comprised of two components: the vehicle  and the 
active ingredient (granisetron). The  vehicle consists of two constituents: 
tri(ethylene)glycol poly(ortho ester) (TEG-POE) polymer and methoxy poly(ethylene 
glycol) (MPEG). 
   
Composition of APF530, 500 mg (to be market formulation) 
 
Component Concentration 

(% w/w) 
To deliver 
 (mg/unit) 
 

To fill   
(mg/unit) 

Function 

AP135 78.4 392 Excipient 
MPEG  19.6 98 Excipient 
Granisetron 2 10 active 
Totals 100 500  
 

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)
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2.4 Analytical Section 

2.4.1 What analytical methods were used to assess Omeprazole and its 
metabolites and were the analytical assay methods adequately 
validated? 

 
An LC-MS analytical method was used to measure the plasma concentration of 
granisetron in Study C2004-01, Study C2005-01, Study C2006-01, and Study C2007-01. 
Individual study analytical results are summarized below. 
 
Study C2004-01: The bias (%) and accuracy (%) of the calibration standards are shown 
below.  

 
 
The correlation coefficient ranged from 0.9920 to 0.9990.  The quality controls for 0.3 
ng/ml, 125 ng/ml, and 250 ng/ml showed their respective % accuracy of 120%, 94.4%, 
and 99.1%. No bias data reported.  The quality controls for 0.6 ng/ml, 125 ng/ml, and 
200 ng/ml showed their respective % accuracy of 95.0%, 98.5%, and 95.4%, and their 
respective % bias of 8.8%, 8.0%, and 7.4%.  Based on the information provided, the 
analytical method is considered adequately validated.     
 
Study C2005-01:  Calibration stands ranged from 0.3 ng/ml to 250 ng/ml and the 
resulting correlation coefficient ranged from 0.9969 to 0.9997.   
 

 

 
 
The quality controls for 0.9 ng/ml, 50 ng/ml, and 300 ng/ml showed their respective % 
accuracy of 102.3%, 104.3%, and 103.6%, and their respective % bias of 3.2%, 4.3%, 
and 3.6%.  Based on the information provided, the analytical method is considered 
adequately validated. 
    
Study C2006-01: Calibration stands ranged from 0.3 ng/ml to 250 ng/ml and the 
resulting correlation coefficient ranged from 0.9954 to 0.9993. 
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The quality controls for 0.9 ng/ml, 50 ng/ml, and 200 ng/ml showed their respective % 
accuracy of 104.8%, 106.8%, and 95.5%, and their respective % bias of 6.6%, 6.0%, 
and 5.5%.  Based on the information provided, the analytical method is considered 
adequately validated. 
 
Study C2007-01:  Calibration stands ranged from 0.3 ng/ml to 250 ng/ml and the 
resulting correlation coefficient ranged from 0.9953 to 0.9992.   
 

 

    
The quality controls for 0.9 ng/ml, 50 ng/ml, and 200 ng/ml showed their respective % 
accuracy of 107.3%, 106.8%, and 97.5%, and their respective % bias of 14.7%, 3.8%, 
and 4.7%.  Based on the information provided, the analytical method is considered 
adequately validated. 
 
 
 
3 Detailed Labeling Recommendations 
 
Highlight section. 
The statement of “  

.” should be deleted and placed by a statement of “No drug 
interaction studies have been conducted.”  
 
Section 6.1 Clinical Trials Experience 
We recommend the following statements be added to the QT subsection at the very end 
of section 6.1.  These statements would be informative to the prescribers.   
 
Maximum increase from baseline of QTcF was recorded for all three treatments at 12 
hours after dosing (5 mg APF530, 18.6 msec; 10 mg APF530, 20 msec; palonosetron, 
18.1 msec). QTcF then returned toward baseline levels by 20 hours for 
palonosetron and by 48 hours (or possibly earlier) for both doses of APF530.  The timing 
of the QT effects did not correspond to the peak plasma concentrations for APF530 and 
palonosetron. Peak QT effects occurred around 8 hours after dosing in all arms. Peak 
palonosetron concentrations occur immediately following IV infusion and peak APF530 
concentrations occur approximately 24 hours after dosing. 
 

(b) (4)
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Section 12.3 Pharmacokinetics 
 
Absorption 
For the following table, all the data should be removed. The first row should be 
removed. 

The statement of  
 

.” should be removed.   
 
 
 

(b) (4)

(b) (4)

(b) (4)

(b) (4)
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4 Appendices 

4.1   Individual Study Reviews 
Please see appendix 4.2.1 
 
  
 
 

 

 

APPEARS THIS WAY ON ORIGINAL
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Appendix 4.2.1   Individual Study Review 
 

1. QTIRT consult 

 

(b) (4)

6 Page(s) has been Withheld in Full as b4 (CCI/TS) immediately 
following this page
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(b) (4)
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2. Study C2004-01 
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(b) (4)
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3. Study C2005-01 
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4. Study C2006-01 
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(b) (4)

(b) (4)

(b) (4) ( ) ( )

(b) (4)
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(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)
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(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)
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4. Study C2007-01 
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(b) (4)

(b) (4)

(b) (4)
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5. Reference submitted with regard to CYP1A1 and granisetron metabolism 
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