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EXECUTIVE SUMMARY
Ironshore Pharmaceuticals & Development, Inc. (Ironshore) has submitted a New Drug
Application (NDA) for Methylphenidate Hydrochloride (MPH) Modified Release
Capsules (HLD200) for the indication of treatment of Attention Deficit Hyperactivity
Disorder (ADHD). HLD200 is an evening-dosed, delayed-release and extended-release
formulation of methylphenidate hydrochloride, for which Ritalin® serves as the listed
drug. Within the HLD200 capsules, methylphenidate is incorporated into a delayed
release (DR) and extended release (ER) coated core that allows for release of
methylphenidate in plasma at a controlled rate following an initial delay of approximately
6 to 8 hours. This DR/ER profile is designed to allow for once-daily dosing during the
evening (just prior to sleep) with HLD200, leading to control of symptoms and improved
functioning in ADHD patients on the next day. Ironshore is requesting approval for the
following strengths of capsule: 20 mg, 40 mg, 60 mg, 80 mg, and 100 mg. HLD200 is
intended for once-daily oral administration in the evening for patients 6 years of age and
older with ADHD.
The clinical program for this application is supported by the following clinical
pharmacology, and efficacy and safety trials:
 Relative bioavailability trial (HLD200-110)
 Food-effect trial (HLD200-109)
 Dose-proportionality trial (HLD200-104)
 Pediatric pharmacokinetic trial (HLD200-102)
 Clinical efficacy and safety trial (HLD200-107), 20-100 mg in 6-12 year ADHD
patients
 Clinical efficacy and safety trial (HLD200-108), 40-80 mg in 6-12 year ADHD
patients
In addition, the sponsor had conducted several other clinical trials with a preliminary
formulation which was different from the final to-be-marketed formulation and thus the
following clinical trials were not reviewed:




HLD200-101 (relative BA trial)
HLD200-103 (food effect trial)
HLD200-106 (preliminary safety and efficacy trial)

Our findings are summarized as follows:
 An adequate pharmacokinetic link has been established between the HLD200
product and Ritalin, the listed product, through a relative bioavailability trial.
 The pharmacokinetic profile of methylphenidate following the administration of
HLD200 is consistent with the expectation for an extended release formulation
and is sufficient to support a once daily dosing regimen.
 The shape of the pharmacokinetic profile is similar in all age groups; children 612 years of age, adolescents, and adults. Therefore, the pharmacodynamic profile
4

Reference ID: 4129903














1.1

for effectiveness is also expected to be similar in children 6-12 years of age,
adolescents, and adults with ADHD.
Though exposure to methylphenidate is less in adolescents and adults compared
to children after the same dose (in mg) administration of HLD200, optimal
clinical response can be achieved by titration. The recommended therapeutic daily
dose and timing for dosing should be individualized according to patient’s needs,
clinical response, and tolerability.
There was no apparent sign of early release of drug (i.e., concentrations were
below 1 ng/mL up to 8 hours post-dosing with AUC0-10h of less than 5% of total
AUC) observed in around 50 subjects from 3 different clinical pharmacology
trials (# 104, # 109 and # 110). Similarly, at the mean level, the residual drug
exposure at sleep time with the HLD200 product were similar or lower than the
residual drug levels at sleep time with previously approved products (e.g.,
Concerta, Aptensio XR, Quillivant XR, Quillichew ER etc.). However, there were
clearly increased incidence of insomnia related AE’s with the current product
compared to previously approved methylphenidate products. The medical team
will assess in greater detail the reasons for this unfavorable AE profile and the
ultimate benefit-risk ratio of this product for the target populations.
At the mean level, the exposure (i.e., Cmax and AUC) observed at the highest
dose of 100 mg of HLD200 product were generally lower or similar to the
exposures obtained at the highest approved dose of marketed methylphenidate
products (e.g., Quillivant XR, Aptensio XR, Concerta etc.)
HLD200 can be administered with or without food. To ensure consistent clinical
responses, advise patients to take HLD200 consistently with food or consistently
without food.
The PK parameters exhibited low intra subject variability (i.e., %CV was 20%
based on Cmax and 13% based on AUC) and acceptable inter subject variability
(i.e., %CV was 35% based on Cmax and 30% based on AUC).
Patients should avoid alcohol while taking HLD200.
In vitro dissolution studies demonstrated that less than 5% of the drug was
released for up to 4 hours at pH 6 and up to 2 hours in pH 7.2. Thus, the potential
for drug interaction with concomitant medicines which can modulate the gastric
pH (for e.g., PPI’s) is low.
No direct study (e.g., gamma scintigraphy study) was performed with the product
to assess the effect of bowel movement (e.g., diarrhea, constipation or
concomitant administration of drugs that can impact gut-motility) on drug release.
Recommendation

The Office of Clinical Pharmacology (OCP) has determined that clinical pharmacology
and biopharmaceutics information provided in the NDA is acceptable.
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1.2

Post-Marketing Studies

Comment: When this product gets approved in patients 6 years and above, additional
clinical pharmacokinetic trial will be requested in younger patients 4 to 5 years of age as
a PMR. The shape of pharmacokinetic profile and exposures at the time points of
interest (e.g., Tmax and around dinner and bed time) in combination with safety and
tolerability information should be assessed in pediatric patients 4-5 years of age. The
sponsor may use sparse sampling. The shape of the pharmacokinetic profile may be used
to support the extrapolation of the effectiveness findings from patients 6 years and above
into patients 4 to 5 years of age. The exposures at the time points of interest can be used
to assess the potential safety risk for insomnia and lack of appetite. All patients enrolled
in the safety, tolerability, and pharmacokinetic trial should be given the option to be
rolled into the long-term safety trial in patients 4-5 years of age.
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2

Question Based Review

2.1
Are the formulations used in the key clinical pharmacology trials and clinical
efficacy trials the same as the planned “to-be-marketed” formulation?
Yes, all the key clinical pharmacology trials (e.g., Relative bioavailability trial, HLD200110; Food-effect trial HLD200-109; Dose-proportionality trial HLD200-104) as well as
the two pivotal efficacy trials (HLD200-107 and HLD200-108) were all conducted using
the same formulation as the planned “to be marketed” formulation. Additionally, though
the formulation used in the pediatric pharmacokinetic trial (HLD200-102) was not
exactly identical to the “to be marketed” formulation, the minor difference in one of the
excipient was determined to be within the SUPAC guidance limits and the formulations
also had similar in vitro release/dissolution profile. Thus, it was also determined to be
acceptable as the “to be marketed” formulation.

2.2

What pertinent regulatory background or history contributes to the current
assessment of the clinical pharmacology and biopharmaceutics of this drug?

Methylphenidate is a central nervous system stimulant which has been approved to treat
ADHD. Ironshore has developed HLD200 capsules, a novel drug release formulation for
methylphenidate. It incorporates both a delayed release (DR) and an extended release
(ER) coated core that allows for release of methylphenidate in plasma at a controlled rate
following an initial delay of approximately 6 to 8 hours. This DR/ER profile is designed
to allow for once-daily dosing during the evening with HLD200, leading to control of
symptoms and improved functioning in ADHD patients next day.

2.3

What is the proposed dosage form and route of administration?

The proposed dosage form of the to-be-marketed formulation is Methylphenidate
Modified Release (MR) capsule (20 mg, 40 mg, 60 mg, 80 mg and 100 mg) and it is to be
administered orally in the evening just prior to sleeping.

2.4

What methylphenidate MR products indicated for the same indication are
already approved in the US?

Other previously approved methylphenidate extended-release products indicated for the
treatment of ADHD are Aptensio ®, Concerta ®, Ritlain LA ®, Ritlan SR ®, Focalin XR
®, Metadate CD ®, Quillichew®, Contempla XR-ODT ®, and Quillivant ®.
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Yes. HLD200 can be taken with or without food. To ensure consistent clinical outcomes,
patients should be advised to take HLD200 with food consistently or without food
consistently. In addition, HLD can be taken as a whole capsule or the contents of the
capsule can be sprinkled on apple sauce.
The effect of food intake at night time (dinner) on the PK of 100 mg of HLD200,
methylphenidate HCl modified release capsules in healthy adult volunteers was studied in
a 3-way cross-over study conducted under fasted, fed and sprinkled state(on apple sauce)
at night time.
For food effect at night time (dinner), mean Cmax after the high-fat meal was 14% lower
than after the fasted dose, and median Tmax after the high-fat meal was 2.5 hours longer
than after the fasted dose (Table 1). Visual inspection shows a change in pharmacokinetic
profile (delayed Tmax) of methylphenidate when HLD200 is given with high fat meal
(Figure 2). Since there is a strong pharmacokinetic-pharmacodynamic relationship,
patients should be advised to take HLD200 with food consistently or without food
consistently in order to ensure consistent clinical response. Additionally, mean AUC,
Cmax, and median Tmax after the sprinkled dose (on apple sauce) were similar to those
after taking HLD200 as a whole capsule under fasted condition. In addition, the mean
pharmacokinetic profiles are similar between sprinkled dose (on apple sauce) versus
whole capsule under fasted condition.
Figure 2: MPH Plasma Concentration after 100 mg HLD200 in Fed, Sprinkled on
Food and Fasted State.
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Table 1: MPH Pharmacokinetic Parameters after 100 mg HLD200 in Fed,
Sprinkled, and Fasted State.

Additionally, an alternate trial assessed the effect of food intake at morning time
(breakfast) on the PK of 100 mg of HLD200. The 2 treatment arms compared the PK
after a “low fat breakfast” vs. “medium fat breakfast”. There was negligible change in
Cmax, AUC and Tmax due to the type of morning time breakfast.
In summary, the PK data indicate that HLD200 capsules can be administered with food
consistently or without food consistently, and that the contents of the capsules may be
sprinkled on apple sauce.
2.8

Was dosage strength proportionality demonstrated for the HLD200 product?

Yes. Strength proportionality was assessed in a cross-over clinical trial conducted at 20
mg and 100 mg strength levels of HLD200 in healthy adult subjects. The mean PK
parameters (Table 2) and the concentration time curves (normalized for dose) (Figure 3)
are similar between the 20 mg and 100 mg strength levels demonstrating strength
proportionality across the proposed strength range.
Figure 3: MPH Plasma Concentration after 20 and 100 mg HLD200
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Table 2: MPH Pharmacokinetic Parameters after 20 and 100 mg HLD200.

2.9

Was the efficacy of HLD200 product demonstrated in dedicated efficacy
studies?

The efficacy results for HLD200 were supported by the following studies in the NDA
submission (Table 3).
Table 3: Efficacy and Safety Studies submitted in the HLD200 NDA 209311
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2.11

What are the anticipated residual concentrations at sleep time for the highest
dose of HLD200 versus the highest approved doses of the RLD Ritalin-IR
product? How do these residual drug concentrations compare to levels for other
approved methylphenidate products such as Concerta, Quillivant XR, Aptensio
XR etc.?

The comparison of the residual drug concentration at hours when the patients are likely to
go to bed for HLD200 vs. Ritalin was performed. The analysis was performed using data
from relevant clinical pharmacokinetic trials which used the “to be marketed”
formulation and had adequate sampling times at the latter-end (i.e., 24 hrs). Data from all
subjects in studies: 104, 109 and 110 were normalized to the highest dose of 100 mg of
HLD200 and contrasted with the data for highest approved dose of 30 mg BID for
Ritalin-IR. Since the HLD product is administered at night, the sleep time for it was 24 hr
post-dosing. Since Ritalin is BID dosing with the 1st dose given in the morning , the sleep
time for Ritalin-IR was 12 hr post 1st dose (with the 1st dose at 8 am and the 2nd dose at
noon).The mean residual drug concentrations at sleep time are listed below:
HLD200 (100 mg) = 4.91 (±2.66) ng/mL
Ritalin (30 mg- BID) = 2.47 (±1.58) ng/mL
The comparison of mean exposure demonstrates that mean drug levels at sleep times are
2-times higher for 100 mg of HLD200 vs. the highest approved dose of Ritalin IR.
Additionally, out of a total of 62 subjects with data for HLD200, around 10% of the
subjects had concentrations above 10 ng/mL (which is more than 4- fold higher than
Ritalin) and almost 50% of the subjects had concentrations above 5 ng/mL (which is 2fold higher than Ritalin). These significantly higher sleep time exposures with the
HLD200 product compared to sleep time exposures with Ritalin can be a potential
concern due to methylphenidate’s potential to interfere with sleep..
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However, to get a true sense of the residual concentrations at sleep times, the
concentrations with the HLD200 product were compared to the residual drug
concentrations with other commercially approved methylphenidate products. Based on
the published labels, the anticipated residual mean drug concentrations for other marketed
methylphenidate products are listed in Table 5. Concerta, Quillivant XR, Aptensio XR,
and Quillichew ER are all XR formulation that are dosed in the morning. Therefore, the
residual drug concentration at sleep time will be concentrations at 12 hr post-dosing.
Table 5: Residual drug concentration at sleep time for approved methylphenidate
products

Approved Product Name

Max. approved dose
(mg)

Mean concentration at 12
hr post-dose

Concerta

72 mg

~ 9 ng/mL

Aptensio XR

60 mg

~9.4 ng/mL

Quillivant XR

60 mg

~ 5 ng/mL

Quillichew ER

60 mg

~ 6 ng/mL

Therefore, though the residual drug concentration (at sleep time) is higher for the
HLD200 product compared to Ritalin, the absolute levels with HLD200 are similar (and
even lower) compared to several other approved methylphenidate products such as
Concerta, Quillivant XR, Aptensio XR and Quillichew ER. In addition to a single time
assessment, if partialAUC (pAUC) from sleep time up to 6- 8 hr after sleep is assessed,
the pAUC for HLD200 is again likely to be similar or lower than other approved
methylphenidate products. However, these observations are for only for mean drug
concentrations and it is always possible that individual subjects may have higher or lower
concentrations comparted to these average values leading to a different efficacy and
safety profile for an individual.

2.12

How does the exposure (i.e., Cmax and AUC) compare for the highest dose of
100 mg HLD200 vs. the highest approved dose of the RLD Ritalin-IR as well as
other approved methylphenidate products?

In terms of drug-load per day, the highest dose level for HLD200 is 100 mg which is
higher compared to the highest approved dose levels for both Ritalin IR (30 mg-BID,
15
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which is 60 mg per day) and for Ritalin LA (60 mg per day). Therefore, a systematic
assessment of exposure levels (i.e., Cmax and AUC) achieved for the highest dose of 100
mg HLD200 vs. the highest approved dose of 30 mg-BID of the RLD Ritalin-IR was
performed. The table below clearly demonstrates that in spite of a higher drug-load per
day, the Cmax with HLD200 is lower than the Cmax obtained with Ritalin. The AUC
was ~25% higher with HLD200 compared to Ritalin, but that can be explained by the
sustained exposure levels achieved with the XR formulation and the lack of a dip in
exposure as is seen for the Ritalin IR.
Additionally, the exposure (i.e., both Cmax and AUCinf) obtained with the highest 100
mg dose level of HLD200 were determined to be generally lower than the exposure
obtained with previously approved methylphenidate products (Table 6).
Table 6: Mean exposure (Cmax and AUCinf) data at the highest dose for HLD200
Product compared to approved methylphenidate products

Product Name

Highest Dose
(mg)

Cmax (ng/mL)

AUC inf
(ng.hr/mL)

HLD200 (Jornay)

100 mg
(proposed)

10.46

122

Quillivant XR

60 mg

17

163

Aptensio XR

60 mg

17.6

193

Concerta

72 mg

14.8

167

Table 7: Exposure levels of methylphenidate Observed with HLD200 (100 mg)
compared with Simulated levels for Ritalin 30 mg BID (dosed at 8 am and
then noon) in Study HLD200-110
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2.13

What is the sponsor’s dosing recommendations for the to-be-marketed
formulation?

The sponsor has proposed the following dosing recommendations for the to-be-marketed
formulation:
 Recommended starting dose for patients 6 years and above: 20 mg daily in the
evening with or without food.
 Dosage may be increased weekly in increments of 20 mg per day. Daily dosage
above 100 mg is not recommended.
 Capsules may be swallowed whole or opened and the entire contents sprinkled
onto applesauce.
2.14

What are the pharmacokinetic characteristics of the product at steady-state
following multiple-dosing?

No dedicated multiple-dose PK data was conducted for the HLD200 product. To evaluate
the steady-state methylphenidate exposures following multiple doses of HLD200,
nonparametric superposition using single-dose PK data form study HLD200-104, which
is a phase I, single-dose, open-label, crossover study in healthy adult volunteers, was
conducted. The observed Cmax and Cmin (dose-normalized to 100 mg) after a single
dose in study HLD200-104 are 11.3 ng/mL and 5.0 ng/mL, respectively. The predicted
steady-state Cmax and Cmin (dose-normalized to 100 mg QD) following multiple doses
18
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using superposition approach are 12.7 ng/mL and 5.5 ng/mL, respectively. The results are
graphically presented in Figure 5. The accumulation ratio based on the nonparametric
superposition analysis is 1.1 for both Cmax and Cmin, indicating minimal accumulation
of methylphenidate following QD doses of HLD200. Such result is consistent with
expectation based on the 6 hours half-life of HLD200.
Figure 5: Single-dose PK profile (Observed) versus Steady-state PK profile
(Predicted)

Note: both single-dose and steady-state PK profiles are dose-normalized concentrations at
100 mg HLD200 level.

2.15

What are the pharmacokinetic characteristics of the product in children and
adolescents?

Based on dedicated pharmacokinetic study, the mean PK data i.e., both the shape of the
PK profile as well as the PK parameters were determined to be similar across all age
groups (children, adolescents and adults) after normalizing for body-weight (Figure 6).
HLD200-102 was an open label, single dose PK study in children (6-12 years) and
adolescents (13-17 years) with ADHD. The comparison of mean PK data (normalized for
body weight and dose) demonstrated that PK characteristics were similar across children,
adolescents and adults.
A detailed visual assessment of the PK data for all the individual subjects (children and
adolescents) clearly demonstrated that the PK profiles in pediatric subjects was similar in
shape to the profile seen in adults. All the pediatric subjects demonstrated a delayed
19
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release of the drug with plasma exposures beginning to rise only at 6-8 hours similar to
what was observed in adults. Similarly, the Tmax observed in pediatric subjects (16.3
hour in adolescents and 18.2 hour in children) was in line with the Tmax of around 16
hour observed in adults.
Figure 6: Mean body weight dose normalized methylphenidate plasma
concentrations (ng/mL) for Children, Adolescents and Adults.

2.16

Can the efficacy observed in pediatric patients (6-12 years) be extrapolated to
adolescents and adults?

Yes. Two pivotal efficacy studies, 108 and 107, established the efficacy of the product in
children 6-12 years in age with ADHD. Based on dedicated pharmacokinetic study, the
mean PK data i.e., both the shape of the PK profile as well as the PK parameters were
determined to be similar across all age groups (children, adolescents and adults) after
normalizing for body-weight. It is also anticipated that similar mean pharmacodynamics
profiles will be observed in adolescents and adults if exposures are matched to the
exposure level in children (6-12 years). Additionally, as a common clinical practice,
doses in all patient groups (including adolescents and adults) will be titrated based on
individual clinical response. Thus, even if the exposure to methylphenidate is less in
adolescents and adults compared to children after the same dose (in mg) of HLD200 is
administered; optimal clinical response can be achieved by titration. Hence, the
combination of all the aspects: similarity in PK across age groups, clinical practice of
dose-escalation based on individual response, and prior precedence of extrapolation
across age with other approved methylphenidate products (e.g., Quillivant XR, Ritalin
20
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LA) support the extrapolation of the indication from pediatric patients to adolescents and
adults for the HLD200 product.
2.17

Is this product likely to have drug interactions with gastric pH modulators (e.g.,
PPI’s)?

A dedicated clinical study assessing the effect of PPI’s on the PK of this product was not
performed. However, in vitro dissolution studies demonstrated that that less than 5% of
the drug was released for up to 4 hours at pH 6 and up to 2 hours in pH 7.2. Thus, the
likelihood of drug interaction with concomitant medicines which can modulate the gastric
pH (for e.g., PPI’s) is unlikely.
2.18

Is the absorption of this product likely to be impacted due to diarrhea,
constipation or concomitant administration of drugs that impact gut motility?

No direct gamma scintigraphy studies were performed with the product to assess the
effect of bowl movement (e.g., diarrhea, constipation or concomitant administration) on
drug release or the pharmacokinetics of the product. With a complex formulation
(b) (4)
(delayed release as well as an extended release)
it is hard to predict the effect of changes in bowel
movement on the absorption and PK of methylphenidate from the product.
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3

Analytical Methods

3.1 Are the active moieties in the plasma (or other biological fluid) appropriately
identified and measured to assess pharmacokinetic parameters?
Yes.
The active moiety, methylphenidate, was appropriately measured in biological fluids. The
PK analysis and results were presented for the total methylphenidate level (i.e., D+L
form) which is consistent with the guidance and is acceptable.
3.2 Are bioanalytical methods used to assess concentrations of methylphenidate
acceptable?
Yes.
A liquid chromatography/tandem mass spectroscopy (LC-MS/MS) method was used for
the detection of methylphenidate in human plasma at a range of 20 pg/mL to 100,000
pg/mL. Two separate methods: High range 100 pg/mL to 100000 pg/mL and Low range
20 pg/mL to 20,000 pg/mL were developed and validated. Thus, a fully validated
bioanalytical methodology was used for sample analysis and it was acceptable.
Table 8: Bioanalytical Method: High range and Low range
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Table 2: Mean PK parameters in HLD200 (100 mg) vs. Ritalin (RLD; 20 mg)

Table 3: Analysis of relative bioavailability

Reference ID: 4129903
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3. Pharmacokinetic findings:
We agree with the sponsor’s PK analysis and conclusions from the study.
Additionally, we note, that for the same dose administered (in mg), the following were the key PK
characteristics for the HLD200 vs. Ritalin (RLD):
 AUClast for HLD200 was 73.9 % of Ritalin
 Cmax for HLD200 was 28.2% of Ritalin

Overall Reviewer Conslusions:
The realtive BA study was succesful in providing a PK bridge from the sponsor’s product (HLD200)
to the RLD (Ritalin).

Reference ID: 4129903
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Route of
Administration

Oral

PK sample collection times:
Sampling Times

Pre-dose and at 2, 4, 6, 8, 8.5, 9, 9.5 10, 10.5, 11, 11.5, 12, 13, 14, 15, 16, 17, 18, 19,
20, 22, 24, 36, and 48 hours post-dose

PK and safety
Parameters

PK Moieties
PD Endpoint(s)
PD Parameters

Methylphenidate (D +L)

NA
NA

Statistical
Methods
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Figure 1: MPH Plasma Concentration after 100 mg HLD200 in Fed, Sprinkled on Food
and Fasted State.
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5

No protocol deviations were reported in this study. This was acceptable.
3. Data Analysis (i.e., any outliers etc.):
No outliers were observed and no subjects were left out from data analysis. Though 24 subjects were initially
enrolled in the study, 6 subjects withdrew (either voluntarily or due to AE-related discontinuations).
However, all 6 subjects who withdrew received only 1 of the treatment arm (i.e., either fed, sprinkled or
fasted) and did not receive the 3 treatment arms for any PK comparison between the treatments. Therefore,
results from all the 18 subjects (i.e., 3 subjects within each of the treatment sequence) who received all 3
treatment arms were included in the PK analysis, without leaving out any legitimate subject. This was
acceptable.
4. Bioanalytical Method:
A validated analytical methodology was used which was acceptable.



5. Pharmacokinetic findings:
We agree with the PK data analysis provided by the sponsor.
For getting a true sense on the intra-subject variability in this food effect study, in addition to the mean
data, we also looked at the individual subject data. Since this study was a 3-way cross-over study, each
subject had been dosed with 100 mg HLD200 under the 3 condition (i.e., high fat fed, fasted, or sprinkled
on applesauce). The variability of exposure (i.e., Cmax and AUC) within a subject was analyzed. Based
on the Table and Figure below, a majority of the subjects had AUC ratio’s within 80% to 125% with
generally an equivalent percentage of subjects having the AUC ratio <80% or greater than 125%. Thus,
the individual subject data did not demonstrate any subject with unreasonably high change in exposure
due to the presence of food, suggesting it’s suitability to be administered without regards to food in the
clinic.

Table 4: Distribution of Individual Subject Ratios for Study HLD200-109 by Food
Effect (Reference = Fasted, N = 18).

Figure 2: Scatter Plot of the Individual Subject Ratios and the Geometric Least Square
Mean Ratio (Fed vs Fasted) for the PK parameters for Study HLD200-109
(N = 18)
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Reviewer’s Overall Conclusion: Based on the review of the results provided in this study report:


We agree that HLD200 can be dosed with or without food. Though a high fat meal can delay the
Tmax and lead to a marginal (~14%) decrease in Cmax, the overall exposure (i.e., AUC)
remains the same to fasted state. Similarly, the sprinkled food did not change the Cmax, AUC or
the Tmax. Therefore, we agree, that HLD200 can be administered without regards to food in the
clinic. However, to ensure consistent response, the patients should be instructed to either take
the product consistently with meals or consistently without meals each evening.
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Table 3: Bioequivalence Analysis of Dose-Normalized PK Parameters for 20 mg
of HLD 200 (treated as Test) and 100 mg of HLD200 (treated as Reference).

Figure 2 illustrates the concentration-time curves for the 100 mg treatments (A [followed by a low to
moderate-fat/high-calorie breakfast] and C [followed by low-fat/low-calorie breakfast]). PK parameters and
the concentration-time curves in the 2 groups administered 100 mg doses were similar.
Figure 2: MPH Plasma Concentration after 100 mg (Medium fat breakfast vs. Low fat breakfast)

Reference ID: 4129903

5

Table 4: Bioequivalence Analysis of 100 mg HLD200 (A= Medium fat breakfast vs. C= Low fat
breakfast)
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Figure 3: Scatter Plot of the Individual Subject Ratios and the Geometric Least Square
Mean Ratio (20 mg vs 100 mg) for the Dose Adjusted PK Parameters for Study HLD200-104 (N = 20)

Reviewer’s Overall Conclusion: Based on the review of the results provided in this study report:


We agree that PK is dose-proportional for HD200 from 20 mg to 100 mg dose level. The
overlapping profiles obtained by the 100 mg arm vs. the 20 mg arm (normalized to 100 mg)
clearly demonstrate dose proportionality between the 20 and 100 mg doses.



Part 2 of the study which is presented as a “food-effect” study cannot be accepted as a typical
food-effect study. The 2 treatment arm compare a “low fat breakfast” vs. “medium fat
breakfast” and thus lacks a true comparison to a fasted arm. Additionally, this study addresses
the effect of food in the morning (i.e., only 10 or so hours after the dosing in the night). Though
the results are helpful they in no way would predict the overall magnitude of a true effect of
food. An additional study done by the sponsor (HLD200-109) will be used to assess the true
food-effect.

Reference ID: 4129903

9

APPEARS THIS WAY ON ORIGINAL
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PK and safety
Parameters

PK Moieties
PD Endpoint(s)
PD Parameters

Methylphenidate (D+L)
NA
NA

Statistical
Methods
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A summary of the primary PK parameters from the adolescents, children, and adults is shown in the Table 2.
The dose body weight normalization of the mean AUC0-t and Cmax parameters showed that the 3 groups are
similar but the mean dose body weight normalized Cmax for the children was lower than the adolescents by
16% and lower than the adults by 18.5%. However, the corresponding values for the dose body weight
normalized AUC0-t were almost the same for the 3 groups.
Table 2: Comparison of Mean/Median Pharmacokinetic Parameters by Age Group

The 90% confidence intervals (CIs) for the comparisons of ratios of least squares (LS) means normalized dose
body weight Cmax and AUC0-t means of the groups is shown below in Table 3.
Table 3: LS Means Ratios and CIs for Dose Body Weight Normalized Primary Exposure Metrics

Figure 1: Mean Body Weight Dose Normalized Methylphenidate Plasma Concentrations for
Adolescents, Children, and Adult (54 mg HLD200)
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The comparison of mean PK data (normalized for body weight and dose) demonstrated that PK
characteristics were similar across children, adolescents and adults.
A detailed visual assessment of the PK data for all the individual subjects (children and adolescents)
clearly demonstrated that the PK profiles in pediatric subjects was similar in shape to the profile seen
in adults. All the pediatric subjects demonstrated a delayed release of the drug with plasma exposures
beginning to rise only at 6-8 hours similar to what was observed in adults. Similarly, the Tmax
observed in pediatric subjects (16.3 hour in adolescents and 18.2 hour in children) was in line with
the Tmax of around 16 hour observed in adults.

Overall Reviewer Conslusions:
Based on this study result we agree that the mean PK data (i.e., the shape of the PK profile as well as
the key PK characteristics) are similar across all age groups (i.e., children, adolescents and adults) after
normalizing for body-weight.
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