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Background: Regulatory concern about potential QT-interval prolongation by serotonin-

receptor antagonist antiemetics prompted product-label changes. The first-generation serotonin-

receptor antagonist granisetron is available in oral (PO), intravenous (IV), and transdermal 

formulations. APF530 is a formulation that provides sustained release of granisetron when 

administered as a single subcutaneous (SC) injection. The Phase I study reported here evaluated 

effects of APF530 on electrocardiographic intervals.

Methods: This single-site, double-blind, placebo-controlled, four-period crossover trial ran-

domized healthy men and women to receive varying sequences of APF530 1 g SC, granisetron 

50 µg/kg IV, moxifloxacin 400 mg PO, and placebo. Subjects were assessed for 49 hours after each 

treatment. The primary objective was to evaluate differences between baseline-adjusted, heart 

rate-corrected QT-interval change using the Fridericia rate correction (dQTcF) for APF530 1 g 

SC and placebo. Electrocardiograms were performed at various times throughout the assessment 

period. Pharmacokinetics and safety were evaluated.

Results: The upper one-sided 95% confidence interval (CI) for mean baseline-adjusted dQTcF at 

each post-dose time point between APF530 and placebo excluded 10 ms, indicating that APF530 

1 g SC had no clinically significant effect on QTcF. Maximum observed QTcF change was 4.15 

ms (90% CI, 0.94 to 7.36) at Hour 3. No clinically significant changes in other electrocardiogram 

intervals were observed. APF530 SC pharmacokinetics were as expected, with slow absorption 

(maximum plasma concentration 35.8 ng/mL, median time to maximum plasma concentration 

11.1 hours) and slow elimination (mean half-life 18.6 hours; systemic clearance 20.2 L/hour) 

of granisetron versus the expected early peak concentration and elimination of granisetron IV. 

APF530 SC was well tolerated. Adverse events, most commonly constipation and SC injection-

site reactions, were generally mild and quickly resolved.

Conclusion: APF530 1 g SC did not induce clinically significant QTcF interval prolongation 

or changes in the other electrocardiogram intervals, and was well tolerated at twice the recom-

mended dose.

Keywords: APF530, chemotherapy-induced nausea and vomiting, extended-release, granisetron, 

subcutaneous, QTc interval

Introduction
Patients with cancer who are receiving chemotherapy frequently experience 

 chemotherapy-induced nausea and vomiting (CINV), which can significantly affect 

both quality of life and adherence to chemotherapy because of dose reduction and 

treatment delay, unless effective prophylaxis is administered.1 The introduction of 
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first-generation  serotonin (5-HT
3
)-receptor antagonists in 

the 1990s (ondansetron, granisetron, dolasetron) provided a 

considerable advance in the prevention of CINV.2 Current 

guidelines for the prevention of CINV base their recommen-

dations primarily on the emetogenicity of the chemotherapy 

regimens (low, moderate, high) and the type of emesis (acute, 

delayed, anticipatory, breakthrough).3–5 Three classes of 

antiemetics are presently used alone or in combination to 

prevent CINV: 5-HT
3
-receptor antagonists (granisetron, 

ondansetron, dolasetron [oral only], palonosetron), the corti-

costeroid dexamethasone, and neurokinin 1 (NK-1)-receptor 

antagonists (aprepitant, fosaprepitant).3–5 Although 5-HT
3
 

antagonists are effective and have been used extensively 

in the clinic for many years, preclinical and clinical studies 

have shown that some 5-HT
3
 antagonists may cause adverse 

cardiac effects, including heart rate-corrected QT (QTc)-

interval prolongation, which can lead to arrhythmias and 

sudden death, depending on the specific agent, the dose, and 

the route of administration.6

Labeling for some of the currently approved 5-HT
3
 

antagonists indicates the potential for cardiac adverse events 

(AEs), primarily prolongation of the QT interval but also 

other changes of electrocardiogram (ECG) intervals.7–12 In 

2010 and 2011, the US Food and Drug Administration (FDA) 

required the withdrawal of intravenous (IV) dolasetron for 

the treatment of CINV due to cardiac safety concerns11,13 

and expanded warnings in labeling regarding potential 

cardiac safety issues with ondansetron and granisetron.14,15 

Subsequently, in 2012, the FDA requested the withdrawal of 

ondansetron 32 mg IV for the treatment of CINV,9,16 and the 

labeling was revised to reduce the IV dose to a maximum of 

16 mg per dose. Labeling for the second-generation 5-HT
3
 

antagonist palonosetron17 indicates the potential for cardiac 

safety issues, although the warning about QT-interval pro-

longation was removed from the prescribing information 

in 2008.

Granisetron is currently available in IV, oral (PO), and 

transdermal formulations. Although small clinical trials with 

IV and PO granisetron18–23 have not found any significant 

changes in QT intervals, individual reports of QT prolonga-

tion have been published.7,8 A recent cardiac safety study of 

transdermal granisetron found no evidence of significant 

effects on QTc or other ECG variables.24

“APF530” (AP Pharma, Inc., Redwood City, CA, USA) 

is a long-acting polymer formulation of granisetron, com-

posed of 2% granisetron and a vehicle of tri(ethylene)glycol 

poly(ortho ester) and methoxy poly(ethylene glycol). The 

design of this product enables a single subcutaneous (SC) 

injection to provide sustained release of therapeutic levels 

of granisetron over a 120- to 168-hour period.25 Because of 

the FDA requirement to conduct a thorough QT/QTc study 

on non-antiarrhythmic drugs (implemented in 2005),26 the 

Phase I trial reported here was conducted to undertake a 

detailed evaluation of the effects of APF530 on QTc and other 

ECG intervals in healthy human adults and to compare these 

effects with those of IV granisetron. To verify the assay’s 

sensitivity, moxifloxacin hydrochloride, an agent known to 

cause QT prolongation, was used as a positive control.

Methods
Study design and treatment
This Phase I, single-site, double-blind, randomized, placebo-

controlled, four-way crossover study examined the effect of 

APF530 1 g SC, granisetron 50 µg/kg IV, and moxifloxacin 

400 mg PO on the QT interval of healthy male and female 

subjects. The study was conducted in accordance with 

Good Clinical Practice E-6 Guidance27 and the Declara-

tion of Helsinki.28 The final protocol was approved by the 

local independent ethics committee. Treatment groups were 

defined as follows: APF530 1 g SC (granisetron 20 mg/0.84 

mL plus matching IV and PO placebos; regimen A); gran-

isetron IV (50 µg/kg in 10 mL of 0.9% normal saline plus 

matching SC and PO placebos; regimen B); placebo (SC, 

IV, and PO placebos; regimen C); and moxifloxacin 400 mg 

PO (plus matching SC and IV placebos; regimen D). The 

positive control (moxifloxacin) was included to meet FDA 

requirements that a study of the QT-prolonging effects of new 

drugs be performed and that, whenever possible, the study 

should include a positive control. After screening, eligible 

subjects were randomized 1:1:1:1 to one of four treatment 

sequences. Each treatment was administered once on Day 1, 

and the results were monitored for the subsequent 49 hours. 

The first three assigned treatments were followed by a 7-day 

washout period (Figure 1).

The primary objective of the study was to evaluate the 

effect of APF530 1 g SC (20 mg of granisetron) on change 

from baseline of the QTcF interval using the Fridericia rate-

correction method over 49 hours. The dose of APF530 was 

designed to achieve a mean maximum plasma concentration 

(C
max

) and area under the concentration–time curve (AUC) of 

granisetron in normal volunteers equivalent to that achieved 

by APF530 500 mg SC (10 mg of granisetron) administered to 

patients with cancer. Secondary objectives included evaluation 

of heart rate, PR interval, QRS interval, uncorrected QT inter-

val, change in ST- and T-wave morphology, and categorical 

change in QTc and other ECG variables after  administration of 
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APF530 1 g SC compared with placebo. Correlation between 

QTcF change from baseline and plasma concentration was 

determined, as were safety (SC  administration-site reac-

tions) and assay sensitivity (using moxifloxacin as the active 

control). The dose of IV granisetron (50 µg/kg) was selected 

to achieve a mean C
max

 that was four-fold the mean C
max

 of 

approximately 18 ng/mL observed in patients receiving the 

clinical dose of APF530 (500 mg SC), and was five times the 

recommended dose of 10 µg/kg.8

subjects
Eligible subjects were males and females between 18 and 

50 years of age deemed to be in good health by a study physician. 

Participants weighed at least 50 kg (110 lb), had a body 

mass index of between 18 and 32 mg/m2, and had all clini-

cal laboratory evaluations within the reference range. Key 

exclusion criteria included participation in another trial 

within 30 days of screening; any condition impairing proper 

drug absorption; evidence or history of clinically significant 

allergic, cardiovascular, endocrine, hematologic, hepatic, 

gastrointestinal, neurologic, or psychiatric disease; having 

a first-degree relative with long QT syndrome or a family 

history of unexplained sudden death or unexplained syncope; 

abnormal ECG at screening indicating second- or third-

degree atrioventricular (AV) block, or one or more of the 

following: QRS .110 ms, change in QTc using the Bazett 

First arm
Day – 1: check-in

Days 1 and 2 PK and ECG time points

49 h48 h47 h25 h24 h23 h12 h11 h

Days 3–9: washout

Days 13–19: washout

10 h4 h3 h2 h1 h30 m5 m0

Second arm
Day – 10: check-in

Days 11 and 12 PK and ECG time points

49 h48 h47 h25 h24 h23 h12 h11 h10 h4 h3 h2 h1 h30 m5 m0

Days 23–29: washout

Third arm
Day – 20: check-in

Days 21 and 22 PK and ECG time points

49 h48 h47 h25 h24 h23 h12 h11 h10 h4 h3 h2 h1 h30 m5 m0

Days 32: discharge

Fourth arm
Day – 30: check-in

Days 31 and 32 PK and ECG time points

49 h48 h47 h25 h24 h23 h12 h11 h10 h4 h3 h2 h1 h30 m5 m0

Figure 1 Study design.
Abbreviations: eCg, electrocardiogram; PK, pharmacokinetics; m, minutes; h, hours.
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method (QTcB) .470 ms for females or 450 ms for males, 

PR interval .240 ms, or any rhythm other than sinus rhythm 

interpreted by the investigator as being clinically significant. 

All subjects provided written informed consent.

assessments
Each subject was assessed for 49 hours after each  treatment 

was administered. Resting ECGs from 12-lead digital ECG 

recordings (Mortara X12+™, Mortara Instrument,  Milwaukee, 

WI, USA) were extracted from uninterrupted telemetry at 

predetermined time points. Three recordings were taken per 

time point, each approximately 1 minute apart. Time points 

for ECG sampling occurred on Days 1, 11, 21, and 31 before 

dosing, then at 5 and 30 minutes and 1 hour and 2, 3, 4, 10, 11, 

12, 23, 24, and 25 hours post-dose. ECGs were also undertaken 

on Days 2, 12, 22, and 32, at 47, 48, and 49 hours post-dose. 

ECG recordings from each subject were based on the same lead 

and read by the same blinded cardiologist throughout the study. 

Blood sampling for pharmacokinetic analysis occurred on the 

same days on which ECGs were obtained, immediately after 

ECG sampling. Safety and tolerability assessments consisted 

of evaluations of dose site, vital signs, physical examination, 

and clinical laboratory tests.

statistical methods
Two study populations were predefined. Subjects included 

in the ECG analysis were those who received any study drug 

and had ECG data collected before dosing and at one or more 

post-dose time points. The pharmacokinetic analysis popula-

tion included all subjects who received any study drug and 

had sufficient plasma concentration data to allow calculation 

of pharmacokinetic parameters. Continuous demographic and 

baseline characteristics were summarized using descriptive 

statistics, and frequency counts were tabulated for categorical 

demographic variables. Descriptive statistics were used to 

summarize ECG variables and corresponding changes from 

baseline of QT/QTc and other ECG variables by study dose 

group and time of measurement for each treatment.

The primary analysis of the primary endpoint was the 

baseline- and placebo-adjusted change in QTcF (ddQTcF) 

during treatment with APF530 using a mixed-effects model, 

and including terms for dose sequence, subjects within 

sequence, study drug (APF530 or placebo), study period, 

post-dose ECG assessment time point, study drug by post-

dose ECG time point interaction, and study period by post-

dose ECG time point interaction. An unstructured covariance 

model was used, and the mean and upper 95% one-sided 

confidence interval (CI) of ddQTcF during  treatment with 

APF530 were used to make the primary statistical  assessment. 

If the upper 95% one-sided CI of ddQTcF at each post-dose 

time point excluded 10 ms, then no clinically meaningful 

QTc interval prolongation was concluded.

A secondary analysis using the same model was carried out 

for the IV granisetron treatment. Additional secondary analy-

ses were performed for each treatment for the ECG variables 

HR, PR, QRS, QT, and abnormal diagnostic statements.

A sensitivity analysis of the assay was conducted to 

determine the predicted mean difference (ddQTcF) and the 

associated lower 95% one-sided CI across all subjects for 

moxifloxacin. The assay sensitivity of the study was validated 

if the lower 95% one-sided CI for ddQTcF was greater than 

5 ms at a minimum of one of four time points after dosing 

(Hours 1, 2, 3, or 4).

Categorical analyses of QTcF were performed to  determine 

the number and percentage of subjects, by treatment group, who 

met the following outlier criteria: QTc .450 ms, .480 ms, 

and .500 ms; change of QTcF over pre-dose  baseline .30 ms 

and .60 ms at any time point; and frequency of morphological 

findings compared with baseline.

Graphical and mixed-effects analyses were used to 

evaluate the relationship between plasma concentration of 

granisetron and dQTcF. Descriptive statistics were used to 

summarize pharmacokinetic data. Safety was assessed by 

AEs, which were summarized overall, by severity, and by 

relationship to study drug. Clinical laboratory data were 

analyzed using shift tables.

Results
subject characteristics
The study was completed at a single site between July and 

October 2011. A total of 56 subjects were enrolled in the 

trial, and 51 completed the study and were included in the 

primary analyses. Three subjects discontinued because of 

an AE, one discontinued because of a protocol violation, 

and one discontinued by choice. Subject demographics and 

baseline characteristics are listed in Table 1.

Electrocardiography
The primary analysis was the ddQTcF during APF530 

 treatment. APF530 1 g SC produced no clinically significant 

effect on QTcF. The maximum observed mean ddQTcF dur-

ing treatment, occurring at Hour 3, was 4.15 ms (90% CI, 

0.94 to 7.36). The maximum adjusted mean change using 

the mixed-effects model was 3.75 ms (90% CI, 0.61 to 6.89) 

(Figure 2A), also at Hour 3. The mean C
max

 of granisetron 

administered as APF530 1 g SC was 35.8 ng/mL. The linear 
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Table 1 subject demographics and baseline characteristics

Treatment sequence

ABDC BCAD CDBA DACB Total

n=14 n=14 n=14 n=14 n=56

Age, years (mean [SD]) 32.7 (8.41) 30.8 (10.16) 31.0 (8.52) 29.5 (8.75) 31.0 (8.82)
Sex (n [%])
 Female 5 (35.70) 6 (42.90) 7 (50.00) 6 (42.90) 24 (42.90)
 Male 9 (64.30) 8 (57.10) 7 (50.00) 8 (57.10) 32 (57.10)
Height, cm (mean [SD]) 169.2 (8.99) 168.1 (8.43) 168.9 (9.15) 174.0 (10.22) 170.0 (9.26)
Weight, kg (mean [SD]) 76.2 (8.64) 72.5 (9.93) 72.0 (11.60) 79.9 (16.68) 75.2 (12.21)
Body mass index (mean [SD]) 26.7 (2.77) 25.7 (3.03) 25.2 (3.34) 26.3 (4.19) 25.9 (3.33)

Abbreviations: A, regimen A: APF530 1 g SC (granisetron 20 mg/0.84 mL plus matching IV and PO placebos); B, regimen B: granisetron IV (50 µg/kg in 10 mL of 0.9% normal 
saline plus matching SC and PO placebos); C, regimen C: placebo (SC, IV, and PO placebos); D, moxifloxacin 400 mg PO (plus matching SC and IV placebos); SD, standard 
deviation. PO, oral; sC, subcutaneous; iV, intravenous.

4844403632

APF530
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201612840
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Q
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Figure 2 Effect of (A) APF530 given subcutaneously, (B) granisetron (gran) given 
intravenously, and (C) moxifloxacin (moxi) on QTc (maximum observed mean 
change; ddQTcF).
Abbreviations: CI, confidence interval; ddQTcF, baseline and placebo-adjusted 
change in QT interval corrected by Fridericia method.

mixed-effects model of the ddQTcF and granisetron plasma 

concentration relationship had a nearly flat, nonsignificant 

negative slope (–0.1326 msec/[ng/mL]), supporting the 

absence of a clinically significant effect of granisetron on 

QTc. Comparison of APF530 1 g SC and placebo showed 

similar categorical levels of QTcF and changes in QTcF. The 

changes in ddQTcF and 90% CI for APF530 SC, granisetron 

IV, and moxifloxacin PO at specific time points using the 

mixed-effects model are shown in Table 2.

Similarly, after the delivery of IV granisetron, no 

 clinically signif icant effect on QTcF was found. The 

 maximum observed mean ddQTcF during treatment was 

3.23 ms (90% CI, 0.12 to 6.33) at Hour 49 (Figure 2B). The 

maximum adjusted mean change (mixed-effects model) 

occurred at Hour 3 and was 1.91 ms (90% CI, −1.22 to 5.04). 

Categorical QTcF frequencies and change frequencies for IV 

granisetron were similar to those for placebo.

For moxifloxacin, both the maximum observed mean 

ddQTcF of 11.72 ms (90% CI, 9.12 to 14.32) and the 

maximum adjusted mean change (mixed-effects model) of 

11.56 ms (90% CI, 8.42 to 14.69) occurred during Hour 3 

(Figure 2C). These data indicate that assay sensitivity was 

adequate, as the adjusted lower 90% CI was .5 ms during 

the post-dose time points of 2, 3, 4, 11, and 12 hours.

An analysis of change in QTcF from baseline over time 

found that QTcF increased in all four treatment arms between 

47 and 49 hours after treatment. However, this increase did 

not appear to be study drug related, as plasma concentrations 

of each agent were not at their peak values, having decreased 

from a peak of 34.1 ng/mL to 11.62 ng/mL for granisetron 

during APF530 SC treatment; from 8.9 ng/mL to 0.73 ng/mL 

for granisetron IV, and from 1,740 ng/mL to 117 ng/mL for 

moxifloxacin.

Baseline-adjusted and placebo-adjusted HR (ddHR), 

PR (ddPR), and QRS (ddQRS) are shown in Table 3. 
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Table 3 Change in ddHR, ddPR, and ddQRS and 95% confidence intervals for active treatments over time

Time point  
(N=51)

APF530 1 g SC 
(20 mg of granisetron)

Granisetron 50 μg/kg IV Moxifloxacin 400 mg PO

Variable 95% LB 95% UB Variable 95% LB 95% UB Variable 95% LB 95% UB

ddHR ddHR ddHR
1 hour −2.00 −4.28 0.28 −2.54 −5.09 0.01 2.23 −0.96 5.42
3 hours −0.36 −2.02 1.30 −1.65 −3.77 0.47 0.52 −1.76 2.79
12 hours −1.11 −2.70 0.47 −3.16 −5.50 −0.82 1.13 −0.71 2.97
24 hours 0.01 −1.83 1.85 −1.14 −3.60 1.32 −0.12 −2.37 2.13
48 hours −3.09 −5.03 –1.16 −2.93 −5.14 −0.71 −0.49 −2.83 1.85

ddPR ddPR ddPR
1 hour −0.39 −2.74 1.96 0.01 −2.65 2.67 1.06 −2.15 4.27
3 hours 0.50 −2.22 3.23 0.05 −3.45 3.55 −1.86 −5.64 1.93
12 hours −1.19 −3.76 1.38 0.43 −3.33 4.19 0.35 −1.87 2.56
24 hours 0.39 −2.25 3.02 1.86 −1.36 5.07 2.14 −0.37 4.65
48 hours −2.24 −5.62 1.15 0.26 −3.59 4.11 0.46 −2.70 3.62

ddQRS ddQRS ddQRS
1 hour 0.57 −1.23 2.37 −0.48 −2.00 1.04 −0.47 −2.01 1.07
3 hours 0.13 −1.69 1.95 −1.11 −2.61 0.38 −1.00 −2.57 0.57
12 hours 0.49 −1.06 2.04 −0.48 −2.03 1.06 −0.43 −2.10 1.23
24 hours 0.63 −1.12 2.39 −0.48 −2.02 1.05 −0.07 −1.31 1.17
48 hours −0.12 −1.59 1.34 −0.86 −2.31 0.58 −0.12 −1.74 1.49

Abbreviations: ddHR, baseline- and placebo-adjusted change in heart rate; ddPR, baseline- and placebo-adjusted change in PR; ddQRS, baseline- and placebo-adjusted 
change in QRS; IV, intravenous; LB, lower confidence boundary; PO, oral; SC, subcutaneous; UB, upper confidence boundary.

Table 2 Change in ddQTcF and 90% confidence intervals for active treatments over time (mixed-effects model)

Time point  
(N=51)

APF530 1 g SC  
(20 mg of granisetron)

Granisetron 50 μg/kg IV Moxifloxacin 400 mg PO

ddQTcF 90% LB 90% UB ddQTcF 90% LB 90% UB ddQTcF 90% LB 90% UB

1 hour 0.02 −3.13 3.16 −0.50 −3.64 2.63 7.46 4.32 10.59
3 hours 3.75 0.61 6.89 1.91 −1.22 5.04 11.56 8.42 14.69
12 hours 3.56 0.41 6.70 0.98 −2.15 4.12 8.42 5.29 11.56
24 hours 2.06 −1.09 5.20 1.26 −1.87 4.40 7.07 3.94 10.20
48 hours 0.78 −2.36 3.93 2.37 −0.77 5.50 3.46 0.33 6.60

Abbreviations: ddQTcF, baseline- and placebo-adjusted change in QTcF; IV, intravenous; LB, lower confidence boundary; PO, oral; QTcF, QT interval corrected by 
Fridericia method; SC, subcutaneous; UB, upper confidence boundary.

ddHR decreased slightly at most time points during APF530 

and IV granisetron treatments and increased slightly at most 

time points during moxifloxacin treatment. Although many 

of these changes were statistically significant, none was 

clinically significant, and the extent of change (less than 

an absolute mean of 3.5 beats/minute at all time points) 

would not be expected to confound heart-rate correction of 

QT values. Heart-rate changes induced by granisetron and 

moxifloxacin have not been reported in the literature. ddPR 

was positive at most time points for all three treatments. Mean 

absolute changes were clinically insignificant at ,3.5 ms at 

all time points. ddQRS was positive at most time points in the 

APF530 arm, and negative at most time points in the other 

two arms. The absolute mean changes were ,1.5 ms at all 

time points and were clinically insignificant.

Other cardiac assessments included non-normal 

diagnostic statements, including ST segment and T-wave 

morphology changes. Twelve abnormalities were detected 

during the study: sinus tachycardia, sinus bradycardia, 

nonspecific T-wave abnormality, nonspecific ST depression, 

first-degree atrioventricular block, premature ventricular 

complexes, premature atrial complexes, premature ectopic 

complexes, intraventricular conduction delay, long QT 

interval, significant ventricular arrhythmia, and right axis 

deviation. There was no imbalance in the frequency of these 

diagnostic abnormalities among the treatments. The most 

frequent abnormal rhythm was sinus bradycardia, occurring 

in an average of 32% of subjects per time point, with minor 

variation among the treatments (APF530 SC, 32.2%; granis-

etron IV, 33.6%; placebo, 32.6%; and moxifloxacin, 29.7%). 
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Nonspecific T-wave abnormality occurred after each treat-

ment (APF530 SC, n=10; granisetron IV, n=9; placebo, 

n=9; moxifloxacin PO, n=18). Although this was most fre-

quently detected after moxifloxacin treatment, the increase 

was determined to be nonsignificant based on contingency 

table analysis (chi square =5.03; degrees of freedom [df ] 

=3; P=0.1696). Nonspecific ST depression occurred only 

after placebo treatment (n=5; chi square =15.02; df=3; 

P=0.0018).

Pharmacokinetics
Pharmacokinetic parameters for APF530 SC, granisetron 

IV, and moxifloxacin PO are presented in Table 4. APF530 

SC was gradually absorbed, with a C
max

 of 35.8 ng/mL 

and a median time to C
max

 (t
max

) of 11.1 hours. Elimination 

of APF530 was also slow; the mean elimination half-life 

(t
1/2

) was 18.6 hours, mean systemic clearance (CL/F) was 

20.2 L/h, and mean volume of distribution during the terminal 

phase (Vz/F) was 526 L (Table 4). Note that individual t
1/2

 

values could be reliably estimated for only 31 of the 56 sub-

jects because the sampling interval extended only to 49 hours; 

Table 4 Summary of pharmacokinetic parameters of granisetron 
(SC and IV) and moxifloxacin PO in plasma

Parameter APF530 1g SC  
(20 mg of  
granisetron)

Granisetron 
50 μg/kg IV

Moxifloxacin 
400 mg PO

Cmax, ng/mL 
mean (SD)

n=56 
35.8 (13.3)

n=52 
34.6 (15.3)

n=53 
2,123 (502)

tmax, h 
median  
(min, max)

n=56 
11.1 (4.1, 23.1)

n=52 
0.183 (0.167, 4.15)

n=53 
2.08 (0.583, 4.08)

t1/2, h 
mean (SD)

n=31 
18.6 (4.02)

n=49 
9.69 (3.53)

n=49 
13.8 (1.65)

CL/Fa, L/h 
mean (SD)

n=30 
20.2 (11.7)

n=49 
13.8 (10.1)

n=49 
12.9 (2.47)

Vz/F, L 
mean (SD)

n=30 
526 (320)

n=49 
156 (44.2)

n=49 
257 (60.3)

AUC, ng ⋅ h/mL 
mean (SD)
aUC(0–12) n=56 

294 (101)
n=52 
212 (64.0)

n=53 
15,743 (3,612)

aUC(0–24) n=56 
640 (226)

n=52 
289 (100)

n=53 
23,467 (5,235)

aUC(0–48) n=56 
1,078 (380)

n=52 
343 (134)

n=53 
29,647 (6,321)

aUC(0–inf) n=30 
1,254 (578)

n=49 
353 (153)

n=49 
32,143 (6,568)

Note: aParameters for granisetron iV administration were Cl and Vz.
Abbreviations: AUC, area under the plasma concentration–time curve; CL/F, 
systemic clearance; Cmax, maximum plasma concentration; iV, intravenous; PO, 
oral; sC, subcutaneous; sD, standard deviation; tmax, time to maximum plasma 
concentration; t1/2, elimination half-life; Vz/F, volume of distribution during the 
terminal phase.

thus, the mean t
1/2

 reported might be an underestimate of the 

elimination t
1/2

 of granisetron after SC administration via 

APF530. The C
max

 of granisetron achieved when administered 

by APF530 1 g SC and of granisetron 50 µg/kg IV was twice 

the C
max

 measured in patients who had received APF530 

500 mg (17.8 ng/mL)29 (Figure 3).

Granisetron 50 µg/kg IV was rapidly absorbed, with a 

median t
max

 of 0.183 hour and a mean C
max

 of 34.6 ng/mL, 

and was readily eliminated, with a t
1/2

 of 9.69 hours, mean 

CL of 13.8 L/h, and mean Vz of 156 L (Figure 3).

Moxifloxacin had a median t
max

 of 2.08 hours and a mean 

C
max

 of 2123 ng/mL, after which the concentration of moxi-

floxacin declined steadily (CL/F, 12.9 L/h; Vz, 257 L).

Safety
All 56 subjects (100%) received APF530 SC, 52 subjects 

(93%) received granisetron IV, 53 subjects (95%) received 

moxifloxacin, and 51 subjects (91%) received placebo. 

Excluding injection-site reactions, AEs were similar across 

the APF530 SC (n=16 [29%]), moxifloxacin PO (n=16 

[30%]), and placebo (n=17 [33%]) arms. The lowest number 

of subjects reporting AEs was in the granisetron IV arm 

(n=12 [23%]). The most common AEs were constipation 

(APF530 SC, n=9 [16.1%]; granisetron IV, n=5 [9.6%]; 

moxifloxacin PO, n=3 [5.7%]) and headache (granisetron 

IV, n=5 [9.6%]; placebo n=7 [13.7%]). The majority of 

AEs were mild, and none was considered definitely related 

to treatment. Only two AEs were moderate in severity: 

constipation (six events) and upper abdominal pain (one 

event). Constipation was the only AE considered prob-

ably related to treatment. No deaths or serious AEs were 

reported. Excluding injection-site reactions, two subjects 

were withdrawn from the study because of an AE: one after 

receiving APF530 SC (constipation) and one after receiving 

moxifloxacin (mild diarrhea, mild upper respiratory tract 

infection, mild vomiting).

Injection-site AEs were all reported as mild in severity 

during the study and were noted for both APF530 SC (n=47 

[84%]) and placebo SC (22%–32% across the placebo arms). 

The most frequently reported injection-site reactions after 

APF530 SC administration were induration (55% of sub-

jects), nodules (52%), and hematoma (43%), all of which 

resolved over time. One subject discontinued the study 

because of an injection-site reaction (pain, induration, bruis-

ing, erysipelas infection, and nodule) that resolved without 

sequelae. No treatment-related trends were observed in 

physical examination, clinical laboratory evaluations, and 

other ECG recordings.
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Figure 3 Mean (standard deviation) plasma concentrations of APF530 1 g (20 mg of granisetron) given subcutaneously (SC) and granisetron 50 µg/kg given intravenously (IV).

Discussion
This Phase I study investigated the effects of APF530 1 g SC 

(20 mg of granisetron) on healthy individuals to determine 

whether this dose (twice the recommended dose) would affect 

QTc interval. This thorough QTc study indicates that both 

SC and IV formulations of granisetron have no clinically 

significant effect on the QTc interval at supratherapeutic 

concentrations. For comparison, therapeutic concentrations 

of 4.95 ng/mL and 5.99 ng/mL have been reported with 

the recommended doses of granisetron IV (10 µg/kg) and 

PO (2 mg daily), respectively.7,8,24 In addition, there were 

no clinically significant changes in HR, PR, and QRS with 

APF530 1 g SC.

Pharmacokinetic data revealed slower absorption and 

elimination of granisetron when administered SC compared 

with IV. In addition, for APF530 1 g SC (20 mg of granis-

etron) in this study, mean AUC was lower (AUC
(0–inf)

 1254 

ng ⋅ h/mL vs AUC
(0–inf)

 1684 ng ⋅ h/mL) and mean C
max

 was 

lower (35.8 ng/mL vs 37.1 ng/mL), respectively, compared 

with values from a previous pharmacokinetic study of 

APF530 1 g SC (20 mg of granisetron) in healthy subjects 

(data on file). Various factors, including patient population, 

selection of time points, and individual clearance variability, 

may explain pharmacokinetic differences between this study 

and the previous study in healthy subjects. AEs were gener-

ally mild and quickly resolved; the most common AEs were 

constipation and SC injection-site reactions.

In October 2009, labeling of granisetron (Kytril; Roche 

Laboratories, Basel, Switzerland) was changed to include 

a warning for precautionary use in patients potentially 

vulnerable to QT prolongation.14 This thorough QT study 

and the previous study of transdermally administered 

granisetron24 demonstrate that the avoidance of the plasma 

concentration peaks, which may be associated with IV and 

PO granisetron administration, by the prolonged exposure 

to lower plasma concentrations achieved with sustained-

release preparations effectively prevents QT prolongation by 

granisetron. Both studies suggested that plasma concentra-

tions considerably higher than those achieved by sustained 

release would also minimally affect the QTc interval and 

have no clinically significant effects on HR, PR, or QRS. 

Since other 5-HT
3
 antagonists have been associated with QT 

prolongation in clinical use,6,9–13,16,17 as well as PR and QRS 

prolongation,12 sustained-release granisetron may be the saf-

est choice for control of CINV in patients more susceptible 

to QT prolongation.

Conclusion
This thorough QTc study demonstrated that APF530 1 g SC 

(twice the recommended dose of APF530 SC 500 mg) did 

not induce QT prolongation at approximately seven-fold 

the usual plasma concentration achieved with IV or PO 

granisetron at the recommended doses, and had no other 

ECG effects.
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