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Abstract

Aims: This study aims to introduce the OralOpioids R package, a novel research tool for the in-depth study and analysis of
opioid prescriptions in Canada, which reports a significant per-capita pharmaceutical opioid consumption.

Methods: The OralOpioids R package employs data from Health Canada’s Drug Product Database (DPD), focusing on autho-
rized oral opioids. It systematically filters drug identification numbers (DINs) by narcotic schedules and administration routes.
Moreover, it calculates the morphine equivalent dose (MED) for each DIN using the CDC table. Core functions include
MED calculation for specific drugs, brand name retrieval, opioid content extraction, and unit computations based on
Canadian MED guidelines.

Results: When juxtaposed against renowned opioid calculators such as MDCalc, Oregon Pain, and Ohio Pain, the OralOpioids
package exhibited a near-perfect correlation, with R-squared values consistently at 0.99.

Conclusions: The OralOpioids package, distinctively tailored for research, marks a significant stride in understanding and mon-
itoring Canada’s opioid milieu. By encompassing data on discontinued opioids, it fosters a nuanced comprehension of the opioid
panorama, enabling historical insight and post-marketing watchfulness. Primarily targeting researchers, its scope extends to
healthcare providers, insurers, and administrative boards, all of whom can leverage its potent capabilities for informed deci-
sion-making. Although currently centered on Canadian opioids, its flexible design is primed for future expansion, potentially cap-
turing a global audience and catalyzing efforts against the opioid crisis.
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Introduction addition, Health Canada has introduced regulations around
the promotion of opioids, including restrictions on advertising
and promotional activities aimed at healthcare professionals
and patients.* One of the tools that have been introduced to
address this crisis is the morphine equivalent dose (MED) mon-
itoring.” The MED is a measure of the potency of opioids that is
based on the amount of morphine that would provide equivalent
pain relief. It is important to note that not all opioids are the

The opioid crisis in Canada has become a significant public
health concern, with a sharp rise in the number of opioid-related
deaths and hospitalizations. According to the Canadian Institute
for Health Information (CIHI), in Canada alone, there were over
34,455 opioid-related deaths in 2019 between January 2016 and
September 2022." One possible factor that contributed to the
crisis is the high rate of opioid prescribing in Canada. In
2016, physicians and nurse practitioners provided one prescrip-
tion for every two Canadians, making the country the world’s
second-biggest per-capita consumer of pharmaceutical opioids
after the United States.” The rate of opioid prescription is
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same, and their potency varies. For example, fentanyl is much
more potent than morphine, and as such, smaller doses of fen-
tanyl can provide equivalent pain relief to larger doses of mor-
phine. By converting all opioids to an equivalent dose of
morphine, healthcare providers can compare dosages across dif-
ferent opioids and ensure that patients are receiving appropriate
doses of opioids (Table 1).°

Canadian provinces, including British Columbia and Ontario,
have implemented MED monitoring programs using databases
like PharmaNet and the Narcotics Monitoring System (NMS)
to track opioid prescriptions and identify patients at risk of
opioid misuse.”® PharmaNet, a province-wide network in
British Columbia, collects all prescriptions dispensed in commu-
nity pharmacies, providing a comprehensive medication history
for each patient and helping to prevent prescription errors and
fraud.® Prescription monitoring programs (PMPs) form part of
a pan-Canadian strategy to manage prescription drug use,
aiming to enhance patient care, promote safe use of controlled
drugs, and reduce harm and diversion.” These programs offer a
range of features, including real-time patient profiles and
unique identifiers, to ensure effective monitoring and interven-
tion. The NMS in Ontario is another example of a system
where pharmacies are required to submit dispensing information
about all monitored drugs.’

Details of all drugs sold in Canada, including opioids, are
available in the Drug Product Database (DPD). The DPD is a
comprehensive database of all drug products sold in Canada
and is updated nightly. The key identifier for each drug
product in the DPD is the Drug Identification Number (DIN),
which is a computer-generated eight-digit number. It is manda-
tory to indicate the DIN on the prescription label and on
over-the-counter drugs that are evaluated for sale in
Canada.'® The DIN if entered on the DPD contains important
information about the drug product, including the manufacturer,
product name, active ingredient, strength of active ingredient,
pharmaceutical form, route of administration, and status. The
status field is generally limited to approved, canceled post-market,
canceled pre-market, canceled, dormant, and marketed. '’

Table I. MED for Commonly Prescribed Opioids.®

Opioid Conversion factor Route
Codeine 0.15 Oral
Fentanyl transdermal (in mcg/h) 24 Transdermal
Hydrocodone |
Hydromorphone 4 Oral
Methadone Oral

1-20 mg/day 4

2140 mg/day 8

41-60 mg/day 10

>61-80 mg/day 12
Morphine | Oral
Oxycodone 1.5 Oral
Oxymorphone 3 Oral
Tapentadol 0.4 Oral

The Canadian Guideline for Safe and Effective Use of
Opioids for chronic noncancer pain® provides a valuable frame-
work for healthcare providers in this context. For patients who
are new to opioid therapy, the initial daily MED should not
surpass 50 mg. Additionally, for those already undergoing
opioid therapy, any increase in MED should be limited to no
more than 50% of their current dose. Although the maximum
daily MED recommended by guidelines is 90 mg, it is recog-
nized that individual patient needs may necessitate higher or
lower doses in specific cases. MED calculators are valuable
online tools that help healthcare providers determine the equiv-
alent dose of opioids based on their potency, simplifying the
process of comparing dosages across different opioids.
Examples of such calculators include the morphine milligram
equivalents (MME) calculator by MDCalc which is based on
the CDC guideline for prescribing opioids for chronic pain
(2016)."" The Oregon pain guidance calculator offers informa-
tion about methadone conversion factors and co-prescription of
benzodiazepines, also based on the CDC guideline (2016).'?
The Ohio Automated Rx Reporting System employs conver-
sion factors created by the US Centers for Disease Control
and Prevention.'® All these opioid calculators require the user
to input the opioid content to calculate the MED. This is the
gap that the authors intend to close. To our knowledge, there
is no open source software that allows the user to input a
Drug Identifier (DIN in Canada) and outputs the MED. The
aim of this R package is to provide information on oral
opioids that are authorized for sale in various countries.
While several clinical tools and calculators aim at providing
immediate assistance to healthcare providers in their decision-
making process, a deeper dive into opioid prescription analysis,
and long-term trends is crucial for research endeavors. The
ability to automate MED calculations through drug identifica-
tion can streamline large-scale studies, retrospective analyses,
and observational research, which in turn can lead to better
clinical guidelines and improved patient outcomes. As opioid
use remains a primary concern in Canada, a comprehensive
research tool like the OralOpioids R package promises not
only to simplify data extraction but also to provide an enhanced
understanding for researchers delving into patterns, implica-
tions, and possible interventions related to opioid prescriptions.
At present, the authors have decided to focus only on opioids
authorized for sale by Health Canada.'* The package is avail-
able for download from CRAN. https:/cran.r-project.org/web/
packages/OralOpioids/index.html.

Methods

Processing of the Database Information

Health Canada updates the DPD’s data every month. This data
dump can be obtained from the Health Canada website at the
following link: https:/www.canada.ca/en/health-canada/services/
drugs-health-products/drug-products/drug-product-database/what-
data-extract-drug-product-database.html. Our R package analyzes
the most recent DPD data dump to identify all oral opioids that are
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Figure I. Flow chart depicting how the OralOpioid package works. Each month the latest version of Health Canada’s drug database would be

downloaded in the package library and available for analysis.

authorized for sale in Canada. Our analysis is restricted to DINs
with a Schedule of Narcotic and a route of administration oral,
transdermal, rectal, buccal, and sublingual.15 Synthetic cannabi-
noids, although included in the narcotics class per Health
Canada, are excluded from the analysis. The R package identifies
and deletes nonopioid ingredients, such as ibuprofen and acet-
aminophen, retaining only opioid ingredients for further analysis.
For example, DIN 621463 contains 300 mg of acetaminophen and
60 mg of codeine. Just the codeine would be retained for analysis
to calculate the MED.

Usage of the R Package

—_—

Download the most recent DPD data dump.

2. If the user chooses to download the most recent data
dump, proceed to step 2. Otherwise, terminate the
process.

3. Restrict DINs to those with oral, transdermal, rectal,
buccal, or sublingual routes, and schedule is denoted
as “narcotic.”

4. Deleted synthetic cannabinoids (e.g., products contain-
ing nabilone).

5. Identify and delete nonopioid ingredients (e.g., ibupro-

fen, acetaminophen), retaining only the opioid

ingredients.

6. Retain the most recent three changes in status for each
DIN.

7. If a DIN has fewer than three changes in status, retain
all of them.

8. Identify the opioid content in each DIN.
9. For buprenorphine/naloxone combinations, identify the
opioid content for both ingredients.
10. Calculate the MED for each DIN, using the opioid
content identified in step 5. The CDC conversion
table was used (Figure 1).

Results

A shiny app that analyzes the April 2023 download is avail-
able at <http:/ankonacanada.shinyapps.io/Opioidpaper>.
One of the key functions of the package is the
load_HealthCanada_Opioid_Table function, which allows
users to download the most recent spreadsheet containing
details of oral opioids authorized by Health Canada. For May
2023, there were 741 opioids listed in the spreadsheet. For sub-
oxone DINs, buprenorphine and naloxone were listed in separate
rows. 80% of DINSs identified were oral and 10% were transder-
mal (predominantly suboxone, fentanyl, and buprenorphine).
Close to 30% of DINs were codeine. Anileridine, meperidine,
and pentazocine were the least frequently used, with only one
DIN (Figure 2).

The Excel spreadsheet downloaded in the R library contains
information about opioids that have been authorized for sale in
Canada. The Excel spreadsheet is also available as Supplemental
material. Table 2 includes the following columns.

Table 2 shows the contents of the downloaded Excel spread-
sheet containing the dispensing limits and market status of
opioid medications authorized for sale by health Canada (as
per information current in May 2023).
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Opioid by Route, May 2023

B succaL 28%)

. ORAL (80.7%)
RECTAL (3.2%)
SUBLINGUAL (3.6%)

[l TRANSDERMAL (9.7%)

Type n
CODEINE 210
MORPHINE 113
OXYCODONE 91
FENTANYL 81
HYDROMORPHONE 63
TRAMADOL 48
BUPRENORPHINE 31
HYDROCODONE 30
METHADONE 26
NALOXONE 20
TAPENTADOL 16
OPIUM 1
DEXTROPROPOXYPHENE 7
NORMETHADONE 6
OXYMORPHONE 5
ANILERIDINE 1
MEPERIDINE 1
PENTAZOCINE 1

Figure 2. Distribution of opioid types and their routes of administration, illustrating the predominance of oral administration and frequent use
of Codeine when the May 2023 download from OralOpioids was analyzed.

This spreadsheet is downloaded in the package library. Each
time the function load_HealthCanada_opioid_table is run, it will
be checked if this spreadsheet contains the latest data from
Health Canada. If the spreadsheet is outdated, upon the user’s con-
firmation (Selection: Y), the system attempts to download the nec-
essary data. After successful data download and update, the system
generates a confirmation message regarding the successful update
of the HealthCanada_Opioid_Table to the most recent date.

The package also contains functions that extract information
from the Health Canada opioid dataset to extract specific informa-
tion about prescribed drugs based on their DIN. A package vignette
is included as Supplemental material. These functions include:

1. MED: This function calculates the MED for a particular
drug using its DIN. The MED standardizes opioid
potency across different medications, allowing for mean-
ingful comparisons and informed prescribing decisions.

2. Brand: This function retrieves the brand name associated
with a specific oral opioid using its DIN. Providing the
brand name simplifies communication between health-
care providers and patients when discussing and pre-
scribing medications.

3. Opioid: This function extracts the opioid content for a
given drug using its DIN. Knowledge of the opioid
content is crucial for understanding the potency of the pre-
scribed medication and adjusting dosages accordingly.

4. MED_50 and MED_90: These functions compute the
number of units (tables or ml for liquids) corresponding
to the 50 and 90 MED thresholds, respectively, as out-
lined in the Canadian guideline for safe and effective
use of opioids for chronic noncancer pain. These thresh-
old values aid healthcare providers in making well-

informed decisions about dosage adjustments and
addressing potential safety concerns.

Validation

Scatter plots were employed to evaluate the degree of agreement
and reliability between our package and online MED calculators.
The scatter plots demonstrate the perfect correlation between MED
values from OralOpiods and other well-known online opioid cal-
culators available including MDCalc, Oregon Pain, and Ohio Pain.
In each plot, the x-axis represents the MED values from the
OralOpioids package, while the y-axis corresponds to the respec-
tive MED values from the online calculators. Dashed red lines
with slopes and intercepts close to 1 and 0, respectively, demon-
strate near-perfect agreement between the OralOpioids package
and each calculator. The points in all plots exhibit strong linear
relationships, closely adhering to the lines of near-perfect agree-
ment. This observation is further supported by the high
R-squared values for each comparison: 0.99 for MDCalc, 0.99
for Oregon Pain, and 0.99 for Ohio Pain. These values highlight
the excellent agreement between the OralOpioids R package and
the online opioid calculators in terms of MED values.
Additionally, the small deviations in slope and intercept values
across all comparisons suggest minimal discrepancies between
the methods, indicating the reliability and accuracy of the
OralOpioids R package in calculating MED values. Thus the
MED values in our package are accurate and reliable when com-
pared to online oral opioid calculators (Figure 3).

Discussion

The use of opioids for pain management has become increas-
ingly prevalent over the past two decades, with a subsequent
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Table 2. Details of the Data Frame that the Package Outputs

Function

Description

DIN

MED_per_dispensing_unit

Basel

Base 2
Base 3
Opioid
Route

Form

No_tabs/ml assuming 50 MED limit per day
No_tabs/ml assuming 90 MED limit per day

Maximum No_tabs/ml assuming 50 MED limit
for 7 days

Maximum No_tabs/ml assuming 50 MED limit
for 14 days

Maximum No_tabs/ml assuming 50 MED limit
for 30 days

Status_|

The Drug Identification Number assigned by Health Canada to a specific drug product. This is a
unique eight-digit number that identifies the manufacturer, product name, and strength of the
drug

The MED per dispensing unit of the drug product. The MED is a standardized measure used to
compare the potency of different opioid medications and is based on the dose of morphine
that produces the same analgesic effect as the drug being measured

Is one for tablets and nonliquid opioids. In the case of liquid opioids, it signifies the volume of
inactive substances or diluents in which the active opioid is distributed

Value is N for most DINs. Opioid: The name of the active opioid ingredient in the drug product

Dosage unit of strength

The name of the active opioid ingredient in the drug product

The route of administration (e.g., oral, sublingual, rectal) for the drug product

The dosage form (e.g., tablet, syrup, liquid) of the drug product. Brand: The brand name of the
drug product.

The maximum number of tablets or milliliters of the drug product that can be taken per day if
the patient is limited to a maximum MED limit of 50

The maximum number of tablets or milliliters of the drug product that can be taken per day if
the patient is limited to a maximum MED limit of 90

The maximum number of tablets or milliliters of the drug product that can be taken over a
period of 7 days if the patient is limited to a maximum MED limit of 50

The maximum number of tablets or milliliters of the drug product that can be taken over a
period of 14 days if the patient is limited to a maximum MED limit of 50

The maximum number of tablets or milliliters of the drug product that can be taken over a
period of 30 days if the patient is limited to a maximum MED limit of 50

In Health Canada’s Drug Product Database (DPD), a Drug Identification Number (DIN) can
hold various statuses representing its regulatory situation. These can include “Approved” if
the drug is sanctioned for sale, “canceled post-market” if the product’s permission has been
withdrawn after being available for sale, “discontinued” if the product is no longer
manufactured or sold, “marketed” if the product is actively being sold, and “dormant” if the

product, while approved, is not presently on the market

last_updated

The date on which the information in the row was last updated. Researchers can use this

information to track changes in the status of opioids over time and identify trends in the
Canadian opioid market.

rise in opioid-related deaths and addiction. One approach to
mitigating the risks associated with opioid use is to limit the
daily dose of opioids to a specific MED, which is based on
the potency of the opioid in relation to morphine. However, cal-
culating MED can be a complex and time-consuming task,
requiring knowledge of the opioid content and dosage form
of a given medication.

The Oral Opioids package, which provides MED values for
all oral opioids in Canada, including opioids no longer autho-
rized for sale by Health Canada (which have the status of
canceled-post market or discontinued), offers significant bene-
fits to researchers working with administrative databases. The
OralOpioids package offers several benefits to researchers
seeking to study opioid prescribing patterns and trends.
Firstly, the package contains comprehensive data on a wide
range of opioids, including less common or discontinued
opioids. This enables researchers to study prescribing patterns
and trends comprehensively and gain a better understanding
of the opioid landscape in Canada. Moreover, including can-
celed opioids in the package allows for a historical analysis
of past prescribing patterns and trends. This is particularly

useful in identifying changes in opioid prescribing behavior
over time and the impact of policy interventions, guidelines,
or educational initiatives on these changes. This allows research-
ers to investigate how the discontinuation of certain opioids may
have influenced the prescribing of other opioids or alternative
treatments. Additionally, including data on canceled opioids
can help with post-marketing surveillance efforts, allowing
researchers to monitor the ongoing use of these medications
despite their cancelation. This can help identify potential
sources of continued availability and inform strategies to
curb the use of these medications. The inclusion of opioids
no longer authorized for sale speaks to the forward-thinking
design of the OralOpioids package. By acknowledging and
accounting for the lifecycle of medications in the market,
the package not only serves current requirements but also
facilitates retrospective research. This ability to trace and
understand historical prescribing data sets it apart from other
existing tools.

The OralOpioids package importantly facilitates comprehen-
sive research by including data on canceled opioids. It allows
researchers to conduct comparative studies with the current
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Figure 3. This figure presents scatter plots comparing the MED values calculated by the OralOpioids package (x-axis) with those obtained
from three online opioid calculators: MDCalc, Oregon Pain, and Ohio Pain (y-axis). The dashed red lines with slopes and intercepts close to |
and 0, respectively, denote near-perfect agreement between the OralOpioids package and each calculator.

Table 3. Comparison of the Three Online MED Calculators With Our Package.

OralOpioids package MDCalc''

OregonI2 Ohio'3

Information on dextroproxyphene No information on oral

No information on oral No information on oral

available'® dextroproxyphene dextroproxyphene dextroproxyphene
No information on fentanyl 7.5  No information on sublingual No information on sublingual
mcg patch fentanyl fentanyl
Information on parenteral morphine No information on morphine No information on morphine No information on morphine
via rectal route'” suppository suppository suppository

opioid medications. Although the package itself does not eval-
uate safety or effectiveness given it does not possess any clini-
cal data it offers a robust platform for researchers to analyze and
draw insights from. This can assist in understanding the factors
contributing to the cancelation of certain opioids. Such insights
can, in turn, influence future drug development strategies and
regulatory decision-making.

Finally, OralOpioids package can serve as a reminder to
researchers and healthcare providers of the potential risks asso-
ciated with these medications. This can help raise awareness of
the importance of careful opioid prescribing and promote a
culture of evidence-based decision-making. The vast database
curated within the OralOpioids package aids in predictive ana-
lytics, helping stakeholders anticipate and respond to potential
future challenges in opioid prescribing. The nature of this
package caters to both a clinical and epidemiological audience,
making it versatile and timely in addressing a multifaceted
problem. Overall, the OralOpioids package offers a valuable
resource for researchers seeking to gain insights into opioid

prescribing in Canada and identify strategies for improving
patient care and safety.

The authors note that while there are multiple opioid MED
calculators available online, many require users to input the
opioid content of a medication to estimate the MME. This
can be a time-consuming and error-prone process, as opioid
content can vary by dosage form and manufacturer. The
MED function in the OralOpioids package streamlines this
process by providing standardized estimates of opioid content
and dosage forms. The comparison illustrates the OralOpioids
package’s distinctive approach and comprehensive coverage. It
is not just a tool, but a repository of evolving knowledge.
While the other calculators serve a purpose, the OralOpioids
package adds depth by bridging gaps in existing MED calculator
platforms.

Table 3 presents a comparison between the OralOpioids
package and three online opioid calculators (MDCalc, Oregon,
and Ohio) in terms of the availability of specific opioid drug
information.
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In conclusion, the OralOpioids R package serves as a signif-
icant tool, capable of contributing to the broader, multipronged
strategy required to combat the opioid crisis. Its utility in study-
ing and improving opioid prescribing practices cannot be over-
stated, demonstrating the potential to significantly impact this
ongoing public health issue. The package provides comprehen-
sive information on oral opioids authorized for sale in Canada
and includes functions to calculate MED and estimate opioid
content, as well as functions to calculate the number of
dosage units necessary to reach a MED of 50 or 90. The
MED function is a particularly valuable tool as it eliminates
the need for users to input opioid content and dosage forms
for each medication to calculate MED. This can save time
and ensure accurate calculations. The user-friendly nature of
the package makes it accessible to both seasoned researchers
and novice investigators, expanding its potential user base.
The implications of this accessibility extend to fostering collab-
orative research projects across institutions, ultimately aiming
to bring about a unified, informed response to the opioid
crisis. The package has potential applications for healthcare
providers, insurance companies, and workers’ compensation
boards, as well as researchers studying opioid prescribing pat-
terns and trends. While the package is currently focused on
opioids authorized for sale in Canada, the authors suggest that
it could potentially be expanded to include opioids authorized
for sale in other countries in the future. The corresponding
author of this manuscript employed the OralOpioids tool
during their tenure at one of the Worker’s Compensation
Boards in Canada to identify individuals on dangerously high
opioid doses, subsequently facilitating their treatment using
Suboxone. This direct application also influenced the revision
of the organization’s medical aid policies, underscoring a
more judicious approach to opioid prescriptions post-injury.
This experience motivated the authors to devise an open-source
package for the benefit of a larger community. Overall, the
OralOpioids R package provides an important resource for
those involved in pain management and opioid prescribing
and has the potential to contribute to safer opioid use
practices.
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