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Reviewer’s Evaluation: the labels and labelling are acceptable.
B. Environmental Assessment: 

Egalet claims a categorical exclusion from the environmental assessment for the following reasons: 
The approval of Arymo ER (morphine) extended release tablets will not increase the amount of active 
moiety into the environment because it will replace the current formulation of oral morphine sulfate.
No novel excipient will be released into the environment as a result of this approval.
To the best of Egalet’s knowledge no extraordinary circumstances exist that would significantly affect 
the quality of the environment.
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 I  have reviewed this new drug application and recommend its Approval.

Christopher J. Hough,  Ph.D. Primary Reviewer

Julia Pinto, Ph.D. Secondary Reviewer
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CMC Review for NDA 208603 – In Vitro Abuse-Deterrence studies
(Category 1 Laboratory Manipulation and Extraction Studies)

REVIEW NO.: 1

DATE OF REVIEW:  29-JUL-2016.

PROPRIETARY NAME: ARYMO™ ER 
ALTERNATE NAMES / CODES USED IN THE REVIEW: EG-001 

GENERIC NAME:   Morphine Sulfate Extended-Release Tablets

SPONSOR: Egalet US Inc.

DOSAGE STRENGTH(S): 15 mg, 30 mg, and 60 mg.

PRIMARY CMC (DP) / QUALITY REVIEWER: Christopher Hough, Ph. D;

IN VITRO ABUSE-DETERRENT STUDIES REVIEWER: 

Venkateswara R. Pavuluri, Ph. D., R. Ph.

QUALITY ASSESSMENT LEAD: Ciby J. Abraham, Ph. D;

BRANCH CHIEF, ONDP Division II, Branch IV: Julia C. Pinto, Ph. D;
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Summary Evaluation of Category 1 In Vitro Studies for ARYMO™ ER Tablets

Following is the summary evaluation of various category 1 laboratory based in vitro 
manipulations and extraction studies conducted with the to-be-marketed-product of ARYMO ER 
(EG-001), challenging the physical and chemical features (e.g. hardness, gelling features, 
burning, extraction and extended-release properties)  

1. ARYMO™ ER (EG-001) appears to resist the most common methods of physical 
manipulations. The planned physical manipulation performed using tablets with and 
without pre-treatment, i.e. heating and freezing conditions, doesn’t appear to change the 
outcome of the manipulations.  Serial physical manipulations performed using multiple 
modes of size reduction, as suggested by the FDA during type A meeting, doesn’t appear 
to significantly change the particle size distribution. 

2. ARYMO™ ER appears to possess physical and chemical features that resist extraction in 
to small volumes (up to 10 mL) of media, from intact and pre-treated tablets.  The 
physically manipulated tablets also appear to retain gelling properties and resist 
extractions in small volumes.  Combined with the Syringeability and injectability studies 
performed using water and hypertonic saline, the small volume extraction studies on EG-
001 appear to possess abuse-deterrent features that make abuse via injection route 
difficult.”   

3. The cumulative percent of morphine extracted from cut and ground tablets in a large 
volume (200 mL) of commonly available liquids and alcoholic solvents is significantly 
higher in the first two hours compared to intact tablets. The cumulative percent of 
morphine released from intact tablets after the first two hours period has decreased with 
increasing concentration of alcohol in the dissolution media. 

4. Simulated smoking tests, to evaluate the likelihood of success of attempts to directly 
smoke (vaporize) drug from the formulation, appears to be unsuccessful releasing a very 
low percent of active when compared with the base and salt forms used as comparators.

5. Precipitation and isolation of morphine free base appears to be possible, using complex 
multi-step physical and chemical manipulations followed by extraction in to low boiling 
non-ingestible solvents and subsequent evaporation of solvent.
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Review of Category 1 Laboratory based in- vitro studies

Introduction

ARYMO™ ER (morphine sulfate extended-release) tablets, hereafter referred as EG-001, are 
indicated for the management of pain severe enough to require daily, around-the-clock, long-term 
opioid treatment and for which alternative treatment options are inadequate.  EG-001 is proposed 
to be marketed in three dosage strengths, i.e. 15 mg, 30 mg and 60 mg, differentiated mainly by 
color of the film coated tablets.   made up of a matrix containing morphine sulfate, 
Polyethylene Oxide 400,000 (PEO) as release controlling agent, and butylated hydroxytoluene 
(BHT) , and are manufactured by using an injection molding process.  According 
to the sponsor, EG-001 was developed based on proprietary Guardian™ Technology that 
differentiates it from reference listed drug MS Contin® by its reduced potential for physical 
and/or chemical manipulations by patients and abusers. 

Overview of in vitro Abuse-deterrent studies conducted by Sponsor 

The purpose of this review is to evaluate the ease with which the potentially abuse-deterrent 
properties of EG-001 can be defeated or compromised against the backdrop of the physical and 
chemical properties of the components and drug products combined with known and potential 
routes of abuse for opioid extended-release products in general and morphine sulfate in 
particular. The potential methods of manipulations and routes of abuse for opioid include 
extraction into aqueous solvents intravenous injection; chewing, crushing, extraction into 
aqueous solvents for oral or rectal administration; snorting and inhalational via smoking.   The 
discussion and interpretation of experimental data from category 1 studies was presented by 
sponsor under various subheadings, as follows. 

 Physical Manipulations and Particle size measurement 
– Single step manipulations,
– Multiple step manipulations using mechanical and /or electrical tools
– Cutting EG-001 with a knife followed by physical manipulation using a mortar 
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with optimized experimental conditions identified earlier. MS Contin® is an approved 
morphine sulfate extended release drug product which also served as reference listed drug 
(RLD). 

3. Though all three proposed dosage strengths (15, 30, 60 mg), were used in these 
premarket studies, 60 mg dose was the focus of the in vitro studies.  Some data from 
initial studies using 100 mg tablets with DPFF was also considered by sponsor for 
interpretative purposes. 

4. The assay method (HPLC-MS/MS) used for morphine sulfate was stated to be qualified 
to ensure that it was suitable for its purpose. Linearity, limit of quantification (LOQ), 
recovery, accuracy, carryover and specificity were tested. The parameters tested were 
reported to cover all solvents and combinations of experimental conditions. The method 
used for assay of extracted samples appears to be acceptable for the purpose of ADF 
studies.

Physical Manipulation Studies

Physical manipulations performed initially on PDFF of EG-001 100 mg tablets and MS Contin® 
100 mg, using a series of ten household equipment operating on principles of cutting, crushing or 
grinding. The characteristics of the product obtained by cutting/crushing/grinding were evaluated 
by photography, measurement of particle size distribution by sieving and image analysis of 
collected pictures, and determination of the MS content in different sieved fractions. 
Observations, pictures and times spent on manipulations using each of the tools, were recorded 
for each replicate.  The information obtained from these initial experiments, on optimal 
experimental conditions and duration of operation for the equipment, was used in testing TBMP 
of EG-001 tablets using the most effective tools and optimal conditions and also repeated using 
pre-treated EG-001.  The three pre-treatment conditions employed are   heating in oven (100°C, 
30 minutes), microwave (1200 W, 3 minutes), and storing in freezer (-20°C, 1 hour) prior to 
manipulation. 

Single step manipulations: Hardness of EG-001 was reported to be above 400 N and thus the 
efforts to pulverize EG-001 using most common household tools were ineffective, whereas 
simple kitchen tools produced a large fraction of snortable powder (<500 microns) of MS 
Contin®. Physically manipulation of EG-001 was only partially successful and required more 
time and effort through the use of knife, razor blade, hammer, and electrical tools such as coffee 
grinder or spice grinder.  The most successful procedure for particle reduction of the EG-001 
tablet was with a knife (26.7% produced particles was < 1000 μm), followed by spice grinder 
(14.7% particles < 1000 μm).  The pre-treatment of EG-001 prior to manipulation didn’t 
significantly alter the effort required for physical manipulations or particle size distribution of 
manipulated products.  A number of instrument failures (breakages) were reported during the 
physical manipulation of EG-001. 
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Overall, no effective methods were established to pulverize EG-001 tablets, compared to the 
simple kitchen tools such as spoons and a mortar and pestle that produced a large fraction of 
fines (<500 microns) of MS Contin®. According to sponsor, the density  

) of the EG-001 tablet and porosity (based on photographs) resulted in its resistance 
to particle size reduction. 

Start of Sponsor material

End of sponsor material

Multi-step manipulations:  Based on Agency’s recommendation to confirm whether further 
particle size reduction could be achieved by serial, multi-step manipulation using to different 
particle size reduction methods, following two multi-step manipulation procedures investigated: 
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 Cutting EG-001 with a knife followed by physical manipulation using a mortar and 
pestle.

 Physical manipulation using an electrical instrument (a spice grinder), and followed by a 
mechanical tool (a mortar and pestle). 

According to the sponsor, these serial manipulations were not effective in reducing the particle 
size any further upon subsequent grinding with mortar and pestle. 

Assessing Labor, Effort and Resources Required for Tampering (ALERRT): The amount of 
time and effort required to manipulate EG-001 using various household tools was measured and 
expressed on a visual analog scale (VAS).  ALERRT scales were used by sponsor to capture an 
additional dimension to Category 1 abuse-deterrent testing that was not otherwise reflected in the 
output measures from physical and chemical manipulation procedures.  According to the 
sponsor, the ‘input’ as measured by ALERRT, includes speed with which drugs of abusive 
potential can be manipulated, ease of manipulation, and the yield that can be obtained from these 
efforts, and is an important real world aspect of abuse-deterrence.   A single unit of EG-001 60 
mg, 100 mg, MS Contin® 60 mg, or a  MS 30 mg IR tablets were manipulated by individual 
trained technicians (n=4) using a standard procedure.

Start of sponsor material: 
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End of Sponsor Material

Reviewer Evaluation of Physical Manipulations: Adequate with the following comments. 

Majority of the physical manipulation attempts on EG-001 resulted in particle sizes > 500 
microns.  Among the manually operated tools, the knife appears to be the most efficient tool in 
terms of producing particles that pass the 1,000 μm, which was not possible with the spoon, 
mortar and pestle, pill crusher, and hammer.  Household electrical tools such as spice grinder and 
coffee grinder appear to be moderately effective for particle size reduction, when operated 
intermittently to prevent overheating and damage of the equipment components. 

Though ALERRTSM system was used by sponsor, to  measure the significant effort required for 
manipulation of EG-001 compared to MS Contin®, the sum of the measured values were 
presented as “work” on visual analog scales ranging from ‘0’ being the easiest and ’10 being the 
most difficult. The nature of data collection and observations made are subject to variations 
depending on the individuals performing the physical manipulations and are thus not amenable 
for standardization or validation across the range of tools used in a meaningful way.   Since 
tablet was stated as the main premise for the abuse deterrence features of the drug product, 
during the review process sponsor was advised to provide a release and stability specification for 
minimum tablet hardness as a quality attribute of the drug product and the sponsor complied with 
the advice by including the test for hardness.

The rapid gelling properties of the physically manipulated formulation in aqueous media are an 
additional feature that deters abuse by the intranasal route. While a cumulative 77.6% of ground 
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MS Contin® (with mortar and pestle) had particle size diameters <1000 microns, only 5.8% of 
physically manipulated EG-001 with spice grinder had particle size diameters <1000 microns.  
Tablet size, density, hardness and resistance to particle size reduction combined with extended-
release and gelling properties polyethylene oxide appear to impede abuse by various routes of 
administration (crushing, physical manipulation, and extraction).   

Swelling Study: In response to request for information, sent with the Agency’s filing 
communication Dt. 24-FEB-2016, a tablet swelling study was conducted using water and 
simulated gastric fluid (under fasting conditions) as the media and the results were reported. 

Text of request for Information (IR): “Provide data from a swelling study in water and gastric 
fluid demonstrating the size of the tablet over time. Provide data that includes photos and 
dimensions of the tablet as it swells in the fluid.”

Procedure: Initial dimensions of tablets (15 mg or 60 mg dose strength) were recorded using a 
caliper and placed on a fixed glass base using a small piece of adhesive tape in a transparent 
vessel (2L) A selected liquid media (1600 mL) was added to the vessel, covering EG-001 tablet 
completely. Pictures taken at relevant time points after exposing the tablet to the defined liquid 
media, until maximum swelling and subsequent decline was observed.  Tablet dimensions were 
measured (length, height, width and calculated volume) for the pictures taken over time. Data for 
all three dimensions (i.e., length, height, and width) was used to calculate average values, for 
each tablet strength, liquid media and time point. The averaged length (l), height (h), and width 
(w) of the tablet for each strength/liquid media at each defined time point was used to calculate 
an approximate tablet volume (V)/time point using the calculation: VT = l × h × w. 

Swelling, defined as the relative volume change (in percent) of the tablet for each strength and 
liquid media for each time point (T = x) relative to the average volume calculated at T = 0. 
Swelling was calculated according to the following formula

Maximum Swelling (SMAX) observed and Time to SMAX was recorded, for each of the tablet 
strengths.  Three replicates of each strength were tested in each media, and experiments were 
conducted over an 8 hour time period.

Results:  Reporting of the swelling was focused on two time point periods, i.e. T = 30 seconds to 
3 min and TMAX, time to maximum swelling of the tablet. At T = 30 seconds, all tablets swelled 
to approximately 105%, independent of the liquid media. During the first three minutes, the outer 
coat of the tablet started to dissolve and diffuse away from the tablet. Swelling during the first 
three minutes was linear and reached 114-117%. TMAX was reached between T = 3.75-4.75 hours 
and the range of SMAX observed was between 249-274%, and no correlation was observed for 
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SMAX between either tablet strength or liquid media. The largest length of a tablet observed was 
between 22.9-24.4 mm, the largest width observed was between 11.8-12.8 mm, and the largest 
height was between 8.1-9.3 mm.

Reviewer Evaluation of swelling study:  Acceptable. Based on the test results, EG-001 tablet 
doesn’t swell rapidly in the first three minutes, allowing enough time for the patient to swallow 
the tablet without difficulty. The limited initial swelling is consistent with the erosion based 
release of the EG-001 tablets, which is different from diffusion-controlled release tablets. 
However, with lapse of time following addition of water, the outer coat starts to dissolve and 
tablet core may become sticky making it difficult to swallow.

Chemical Manipulation Studies

Optimized procedures developed during physical manipulation studies were used for 
manipulation of to be marketed drug products of EG-001 and MS Contin® for testing their 
resistance to various chemical manipulations.   The procedures developed for EG-001 consist of 
cutting the tablet into quarters with a knife (which is difficult to do and takes extensive time, 
effort and physical force), followed by grinding of the quartered pieces in a spice grinder. The 
initial optimization of experimental conditions for extraction and syringeability studies was 
conducted with EG-001 (DPFF) and MS CONTIN®.  The effects of shaking speed (agitation), 
filtration (to remove un-dissolved drug particles) and pre-heating were assessed for optimization 
of extraction efficiencies.  A LC/MS/MS method was used for analysis of samples for morphine 
content, in chemical manipulation studies.

Extractability in Large volume (200 mL)

Extractability of MS (API) from EG-001 from intact and manipulated EG-001 (both cut and 
ground) was studied to assess whether extraction with a large volume of solvents could result in 
preparation of solutions containing dissolved morphine, which could be administered by the oral 
or rectal routes.  Extraction studies were conducted on intact and ground EG-01 tablets and MS 
Contin®, in aqueous media with varying pH and in organic solvents using 200 mL of media at 
RT and higher temperatures near or below their boiling point, e.g. 60°C for alcohol containing 
media and 90°C for aqueous media.   Up to ~ 70%  of MS was extracted from cut EG-001, 
within  one hour in many of the aqueous solvents at 90°C, even though  it was claimed  that the 
formulation maintained some extended release properties following manipulation.  With few 
exceptions, the extractability of morphine (MS) from EG-001 was lower in general compared to 
extractability from MS Contin®. Heated extraction enhanced overall recovery from both 
formulations at 15 minute time point, with different degrees of efficiency for all tested forms 
except ground tablets.  Extractability from EG-001 was similar or closer to MS Contin® under 
certain conditions i.e. intact tablets at room temperature (RT) with pH 6 buffer and at 90°C with 
pH 10 buffer; ground tablets at RT with pH 2 buffer, 50% ethanol and methylene chloride, and at 

Page 70 of 205  9/27/2016



Page 12 of 27

90°C with pH 4 and pH 8 buffer.  Extractability of MS Contin® was lower compared to EG-001 
under certain other conditions, i.e. intact tablets at RT with methylene chloride, pH 8 and pH 10 
at certain time points; and ground tablets at RT with 95% ethanol at 1 h time point and above, 
and at 60°C with 20% and 50% ethanol.  

Extraction studies using TBMP EG-001 tablets:   The extraction studies described above were 
repeated on TBMP compositions of EG-001 tablets, across all three dosage strengths (15, 30, and 
60 mg) in different manipulated forms (intact, cut into 32 pieces, and ground), using two model 
solvents (pH 2 buffer and 50% ethanol).  EG-001 displayed comparable extraction profile across 
all three doses, where extended release properties of intact tablets were retained to a greater 
extent in 50% ethanolic solvent at RT. As expected rate of morphine extraction increased with 
cut and physically manipulated tablets, and  was further accelerated at higher temperatures in pH 
2 buffer and  in presence of alcohol (50%), even though the time to reach maximum 
extractability of drug varied with particle size and /or solvent used.  Loss of morphine observed 
after initial spike in pH 2 buffer at higher temperature was attributed to morphine’s instability in 
presence of oxygen at high temperatures.  

Start of sponsor material
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End of sponsor material

To evaluate the feasibility of higher percent recovery of MS in larger volumes (200 mL), 
extractability of EG-001 60 mg tablets, cut in to 32 pieces, was also studied in a variety of 
solvents with different characteristics (i.e. aqueous, organic, protic, aprotic and acidic/alkaline 
media) that may be used by a drug abuser. MS was readily extracted, from tablets cut into pieces, 
in aqueous-based solvents over a wide pH range (1- 10) at RT and reached near maximal 
recoveries of ~60-70% within two hours. The extractions were further accelerated under heated 
conditions (90ºC) reaching the plateau within 30 minutes.  Ethanol-based aqueous solvents and 
methylene chloride also were relatively efficient media for morphine extraction, when compared 
to other pure organic solvents.  Extraction with 95% ethanol was less efficient when compared to 
other ethanol concentrations.

Start of sponsor material
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End of sponsor material

In response to Agency’s requests for information, sponsor provided data on large volume 
extraction studies with 40 % and 95 % ethanol using intact and manipulated EG-001 tablets, after 
pretreatment (heating in oven and microwave and Freezing). The amount of MS recovered was 
≤30 % at 4hours for intact pretreated tablets when compared to the amounts (~68 %, ~79 % and 
84 % for freezing, microwave and oven heated) recovered at 4 hours from manipulated 
pretreated tablets using 40 % ethanol as the solvent. The percent recoveries of MS upon 
extraction with 95 % were about 10 -15 % low when compared to 40 % ethanol at 4 hour time 
point. 

Start of sponsor material
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End of sponsor material
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Reviewer’s Evaluation of large volume extractions:  Extraction rate of MS from EG-001 
tablets cut in to 32 pieces was higher with various aqueous media including the media containing 
ethanol up to 50 % v/v and reached a plateau (60-70%) in most cases within two hours at room 
temperature (RT).  Extraction rate increased under heated conditions in all aqueous media and 
media containing ethanol up to 50 %. Methylene chloride appears to be a relatively efficient 
solvent for morphine extraction when compared with other pure organic solvents, and in 95 % 
ethanol at RT.  These findings from extraction studies using ground and cut pieces of EG-001, 
alone doesn’t appear to present any barriers to systematic drug abusers.  However, the relatively 
high hardness of EG-001 tablets combined with the low rate of extraction of morphine from 
intact EG-001 tablets in to large volumes of pH 2 aqueous media and 50 % under optimal 
conditions may  only deter accidental misuse by patients, who are likely to grind the product or 
take with alcoholic drinks.

Syringeability Studies (Small volume extractions)

Solution syringeability was tested for solutions prepared at RT and 90ºC. Planned syringeability 
studies involved loading syringes initially with physically manipulated EG-001 along with small 
volumes of solvents (2, 5, and 10 mL of tap water), incubating for either, 2, 5, 10 or 30 minutes 
at RT with and without agitation at 200 rpm.  The syringe contents (allowed to cool to body 
temperature before testing, when heated to 90°C) were tested for viscosity and the ability to 
expel (inject) the drug solution,  and followed by feasibility assessment of drawing the extract 
into a syringe equipped with needles with different pore sizes.

The mean percent recovery of morphine with 2, 5, and 10 mL water solutions incubated for 30 
minutes at RT was 0, 6.1, and 14.2% for EG-001 compared to 17.0, 39.7, and 64.9% for MS 
Contin. Heat pre-treatment (microwave, oven) of physically manipulated material (EG-001) 
continued to exhibit gelling properties. The time required to cool aspirated solutions from 90ºC 
to 37ºC was directly related to the amount of volume drawn into the syringe. The mean percent 
recovery of morphine with 2, 5, and 10 mL water solutions incubated for 30 minutes at 90ºC was 
0, 20.0, and 6.8% for EG-001 compared to 54.7, 62.1, and 68.0% for MS Contin.

The viscosity of solutions prepared for injection with EG-001 appears to be higher than those 
prepared with MS Contin, where higher volume preparations provided lower viscosity measures  
while heating to 90ºC followed by cooling to 37ºC  appears to increase viscosity for manipulated 
EG-001. Placing intact tablets, cut tablets, and physically manipulated material in a small volume 
of water or 3%  saline without agitation for 4 hours  resulted in syringeable solutions with a 27 
gauge needle, but ≤5% of the API was present in solution while maximum recovery of 18.5%  
with an incubation time of 24 hours.

In response to Agency’s request for information, sponsor provided data from small volume 
extractions (syringeability) studies, using intact and manipulated EG-001 with 40 % and 95 % 
ethanol. The viscosity and the amounts of recovered morphine were low when intact or 
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manipulated tablets are subjected to small volume extraction with ethanol as the solvent. Based 
on the data from extraction studies in small volume (10 mL) in 40% and 95% ethanol, using pre-
treated (heating in oven, microwave and freezing) intact EG-001 tablets, it appears that 
pretreatment  has no effect on extraction within first 30 min of extraction. 

Start of sponsor material

Mean Viscosity (With Shaking) for EG-001 and MS CONTIN (RT and 90°C)
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End of sponsor material

Reviewer Evaluation of Syringeability Studies: Extraction of MS from intact and physically 
manipulated EG-001 tablets appears to be  low, ~with highest extraction  of ~27 %) and ~ 53 %   
MS observed in 95 % at 30 minutes and in 450% ethanol at 4 hours respectively. Extractability 
in water was low for manipulated EG-001 tablets compared to ethanol 40 % and 95 % ethanol 
for intact and manipulated tablets that were later pretreated. The gelling nature of the formulation 
in aqueous media appears to restrict morphine extraction in aqueous media even when significant 
effort was expended for particle size reduction.  It appears that small volume extraction of EG-
001 intact tablets with ethanol (40% and 95%) after  manipulation and pretreatment  of EG-001 
tablets improved the separation of morphine to  some extent (<25 % from intact pretreated 
tablets vs > 50.0% from manipulated pretreated tablets in 40 % ethanol),  and the viscosity of the 
extract was significantly low in the presence of ethanol.

Precipitation of free base 

Attempts were made to isolate morphine free base by dissolving physically manipulated 
(optimized procedures) EG-001 in 0.1 M HCl followed by adjustment of pH to 10 with 12 N 
NaOH,  and addition of acetone  to the solution chilled at -20ºC. Attempts to vacuum filter 

resulting opaque solution with a Buchner funnel for isolation of free-base morphine were 
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unsuccessful.   Based on these extraction / precipitation studies, it appears that isolation of free-
base morphine from EG-001 by pH mediated precipitation methods was unsuccessful. 

Simulated Smoking study

Simulated smoking studies using intact and physically manipulated drug product resulted in low 
morphine recoveries and thus it appears that smoking is unlikely to be practiced.  Average 
percent recoveries of vaporized morphine from EG-001 at different heating conditions: 260ºC, 
1.6%; 280ºC, 2.3%; 300ºC, 2.7%; and Sterno heat, 3.0%.

Reviewer  Evaluation  of Chemical Manipulations: Arymo™ ER tablets appears to be resist 
isolation of morphine using  small volume extractions with water, when compared to MS 
Contin®  in the laboratory settings.   The high viscosity of the aqueous extract appears to deter 
syringeability and injectability. Arymo™ ER tablets  also appear to resist abuse by smoking, 
based on the simulated smoking studies under all testing conditions  when to the drug substance 
as base or in salt form  used as comparator. Extraction studies using large volumes of various 
solvents with ground and cut pieces of EG-001 don’t appear to drug abuse by oral route.  

Dissolution studies with physically manipulated EG-001

Dissolution studies with Alcohol (Dose Dumping)

In vitro dissolution testing of EG-001 15 mg, 60 mg and 100 mg intact tablets was performed in 
0.1N HCl and pH 6.8 buffers, with varying quantities of ethanol (5, 10, 20 and 40 %) with 
sampling at 15 minutes interval up to two hours, to assess the potential for dose dumping when 
ingested along with co-ingestion of alcohol. Cumulative percent of morphine released over the 
two hours period has decreased with increasing concentration of alcohol, in both 0.1 N HCL and 
Phosphate buffer pH 6.8 media, compared to the percent released in absence of alcohol.

Start of sponsor material: 
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End of sponsor material

Dissolution studies on Physically Manipulated EG-001
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Dissolution testing of a physically manipulated product, intact and cut to 2, 4, 8, 16, and 32 
pieces of 15, 30, and 60 mg respectively, was performed in 0.1N HCl and pH 6.8 buffers 
with varying quantities of ethanol (5, 10, 20 and 40 %) with sampling at periodic intervals 
up to ten hours, to assess the effect of physical manipulation of EG-001 on dissolution rate.  
As expected a progressive increase in drug release was observed with increased surface 
area as the tablet was cut into smaller and smaller pieces.

Start of sponsor material

End of sponsor material

Reviewer Evaluation of Dissolution Studies: Based on the in vitro dissolution profiles presented 
and because of the gelling of sample, the liability of EG-001 tablets for dose dumping in 
presence of alcohol appears to be very low. 

Overall Conclusions: The Category 1 laboratory-based in vitro studies using intact and physical 
manipulated ARYMO™ (EG-001) tablets appears to be adequate to address the vulnerabilities 
and resistance of EG-001 for physical manipulation by various household tools and for abuse by 
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intravenous route of administration.   The unusually higher hardness (≥ 400 N) of EG-001 makes 
it less susceptible to manipulation by chewing or crushing with blunt force when compared to 
MS Contin® by using most of the common household tools tested,  i.e. extraction with small 
volumes of water and other ethanolic solvents under various test conditions followed by 
syringeability and injectability studies.

The physicochemical properties of morphine sulfate, together with the properties of the intact 
EG-001 tablets, i.e., tablet bulk density, hardness, extended-release properties, and gelling 
properties in aqueous solvents also appears to be contributing factors to deter abuse by other 
common routes. Based on the large volume extraction studies in most of the solvents used and at 
elevated temperatures, manipulated EG-001 (by cutting or grinding) appears to be liable for 
abuse by oral route. Susceptibility to complex liquid/liquid extractions is comparable to MS 
Contin® for separation of drug substance and/or preparation of concoctions by methodical 
abusers.  Overall, the extremely hard tablet, and time and effort required for physical 
manipulation appears to discourage abuse of ARYMO™ tablets when compared to MS Contin®. 

Request for Information

Below identified deficiencies were communicated to the Sponsor during the review  period that 
were subsequently resolved. No additional deficiencies were identified at the time of this review. 

1. In the submission under module “3.2.P.2 Pharmaceutical Development” it was stated that 
“tablet hardness and resistance to particle size reduction offers an impediment to abuse 
by multiple routes of administration”. We were unable locate the measured values for 
Hardness of tablets,  

 Please provide 
available information on:

a. Hardness of the tablets as measured during development of the drug product, 
acceptance criteria, if any set for hardness.

b. How the product composition and process parameters were optimized for obtaining 
tablets with desired hardness (within acceptable range) during product development.

c.

Or

Indicate the location where this information can be found within the submission.

2. We recommend measuring hardness  or 
another appropriate validated test method for measuring the crush/chewing resistance of 
tablets.
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3. It was also stated under module “3.2.P.2” that “Category 1 abuse-deterrent studies of EG-
001 have shown that the formulation will likely be unusually resistant to the most 
common forms of tampering (i.e., chewing, crushing, grinding, and extraction), as well as 
rigorous attempts at manipulation as demonstrated by serial, multi-step physical 
manipulation maneuvers employed”. You have also indicated that ALERRT scales (or 
Visual Analog Scales) were used to measure the “work” required to prepare EG-001 into 
a form suitable for the various known forms of abuse. Please provide information on:

a. Whether the ALERRT scales were used to evaluate any of the abuse-deterrent 
products approved by the Agency.

b. Whether the test methods used in creating the ALERRT scales are amenable to 
validation/standardization.

c. Whether the ALERRT scales can be used to compare and contrast “work” required 
for tampering a product using various tools (hand tools vs. electrical equipment) 
and/or mechanisms for tampering.

4. In the “Expert Review and Data Interpretation of Category 1 In Vitro Laboratory 
Assessment” on page 9 it was stated that “The findings presented herein are based on 
data generated by a third party laboratory,  for full study 
details, see the laboratory protocols entitled In Vitro Laboratory Abuse-Deterrent Studies 
of Egalet’s Morphine Prolonged Release [PR] 60 mg Formulation  Study 
Number: -AD003 and In Vitro Laboratory Abuse-Deterrent Studies of Egalet’s 
Morphine Prolonged Release [PR] Formulation [EG-001] Tablets, 60 mg – To Be 
Marketed Product [TBMP]  Study Number: -AD004).”

We were unable to locate the above referenced documents pertaining to  Study 
Number -AD003 and -AD004. Provide these documents or indicate the 
location in the submission where these documents can be found.

5. Provide the simulated smoking study data for MS Contin 60 mg using the same test 
conditions as used for EG-001 tablets, 60 mg.

6. Provide data from small volume extraction (Syringeability) studies, using intact and 
manipulated EG-001 with 40% and 95% Ethanol using the different gauge needles as in 
other syringeability studies.

7. Provide data from extraction studies (large and small volume) in 40% and 95% ethanol, 
using pre-treated (heating in oven, microwave and freezing) EG-001 drug product.

8. Since hardness of the drug product is the main premise for the proposed abuse deterrence 
of the drug product, provide a release and stability specification for minimum tablet 
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hardness as a quality attribute reflective of the proposed ADF properties of the drug 
product.

9. In the response to Agency’s request for information sent on Jun 27, 2016 for “data from 
extraction studies (large and small volume) in 40% and 95% ethanol, using pre-treated 
(heating in oven, microwave and freezing) EG-001 drug product” you have provided data 
from extraction studies using only pretreated intact tables, but not pretreated manipulated 
product. Provide data from extraction studies (large and small volume) in 40% and 95% 
ethanol, with manipulated EG-001 using optimized procedure followed by pre-treatment 
(heating in oven, microwave and freezing).

 Proposed  language for PMR/PMC 
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