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Abstract
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Andreas S. Stergachis
Departments of Pharmacy and Global Health
One in 10 medical products in low- and middle-income countries (LMICs) are reportedly
substandard or falsified (SF). Poor quality medicines burden health systems and individuals by
diverting resources to harmful or ineffective products, prolonging illnesses and increasing risks of
complications and mortality. While several models have been developed to estimate the health and
economic impact of SF medicines, they have been applied solely to specific medicines (i.e.,
antimalarials and antibiotics) in a small number of settings. In order to address this gap and
advance the field, this dissertation aimed to develop tools to help countries assess their health and
economic burden from SF medicines more broadly. First, we developed a conceptual framework
as a guide for the estimation of the health and economic burden of SF medicines by identifying
high priority medicines and evaluating data availability, gaps and modeling approaches. Second,
we developed an adaptable model as a tool that can be used to estimate the health and economic
burden of any medicine in any country. Third, we applied it oxytocin in Kenya as a case study.
Finally, we developed a comprehensive disease-specific model for oxytocin that captures all
relevant aspects of disease progression and specifications to generate more accurate estimates and
to compare its findings to those generated by an adaptable model. The adaptable model estimated

that among 1.2 million pregnant patients delivering in healthcare facilities in Kenya yearly, the



burden of SF oxytocin (assuming a prevalence of 7%) is estimated be responsible for 2,493
additional cases of postpartum bleeding, 25 hysterectomies, 26 deaths and over 420 years of life
lost. The economic burden was estimated to be approximately $1,240,000 from a societal
perspective, reflecting approximately $300,000 due to early death and lost productivity and
approximately $940,000 in direct medical costs annually. For the same population, the oxytocin-
specific model estimated that 7% SF oxytocin is responsible for 2,067 additional cases of
postpartum bleeding, 15 hysterectomies, 32 deaths, over 600 years of life lost, 560 QALY lost
and 2,187 DALYs accrued every year. The economic burden was estimated to be approximately
$1,970,000 from a societal perspective, reflecting approximately $740,000 due to early death and
lost productivity and approximately $1,220,000 in direct medical costs. The magnitude of the
burden generated by the oxytocin-specific model was comparable to the adaptable model. but the
results yielded were more accurate. These findings demonstrate that SF oxytocin is an urgent issue
to be addressed and Kenya and that the adaptable model can be leveraged by relevant stakeholders
as a tool to generate high-level estimates on the health and economic burden of any medicine in
their country. The significance of this study lies in its ability to provide policymakers in Kenya
with crucial information that will assist them in making informed decisions about the issue of SF
oxytocin and in its potential to provide other key stakeholders tools to generate locally specific

and policy-relevant evidence on the burden of other SF medicines.
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Chapter 1. INTRODUCTION

Access to quality-assured medical products is a critical component of achieving improved
health outcomes and achieving health-related Sustainable Development Goals. Poor quality
medicines, vaccines, biologics and diagnostics may be ineffective, wasteful, and/or even harmful.
Yet, one third of the global population is unable to obtain quality-assured medicines in a reasonable
time frame.! This may be due to several factors, including inadequate healthcare infrastructure,
limited resources, and regulatory barriers.!

The World Health Organization (WHO) reported in 2017 that, on average, one in 10 medical
products circulating in low- and middle-income countries (LMICs) is substandard or falsified (SF).
The most recent estimated expenditure on acquiring SF medical products of LMICs as of 2017 is
in the order of US$ 30.5 billion annually.? The WHO study acknowledged that, due to limitations
in data availability and the non-representative nature of the samples collected, the true health and
economic burden of poor-quality medicines in LMICs is unknown and likely much higher in some
settings.

Substandard medicines are defined as “authorized medical products that fail to meet their
quality standards, specifications, or both”.* For example, substandard medicines may contain less
or more active pharmaceutical ingredients (API) than specified on the package, which may be due
to issues in the manufacturing process.* Degraded medicines are also substandard medicines and
may result from the exposure of quality-assured medicines to excessive light, heat, and/or
humidity.> Falsified medicines are medical products that “deliberately and fraudulently
misrepresent their identity, compositions, or source”.?

Systematic reviews have established that SF medicines pose a health and economic burden in

LMICs.>¢ The use of SF medicines contributes to prolonged illnesses and risk of treatment failure



resulting in an increase in morbidity, mortality and prevalence of disease.>” SF antimicrobials put
entire communities at risk of developing drug resistance and threatening global treatment
effectiveness. Moreover, the circulation of SF medicines undermines public confidence in the
healthcare system and in the legitimacy of healthcare professionals.?’-!! The erosion of trust in the
healthcare system and healthcare professionals can further encourage inappropriate self-
medication and informal care-seeking over time.!?

Unfortunately, there is a scarcity of reliable data on the public health and socioeconomic burden
of SF medicines.? A stronger evidence base is needed to help prevent, identify and respond to SF
medicines and the public health threat they may pose. A WHO proposal for a study on the public
health and socioeconomic impact of SF medical products stated that “The lack of understanding
of the public health and economic costs [of SF medical products] has frustrated efforts at making
the argument that investments in strengthening regulatory systems are a good buy and has
prevented countries from understanding and acting on the problem in their own settings.” '3

Globalized production and distribution systems are becoming more complex but are not
accompanied by strengthening and harmonization of regulatory systems globally, particularly in
LMICs."* As of 2021, it is estimated that 80% of APIs and 40% of finished pharmaceutical
products are imported for domestic use in the United States.!> Hence, the issue of SF medical
products continues to grow in importance and the global pharmaceutical market is now
characterized by multiple standards of quality.'® Strengthening regulatory systems is a public
health good as it ensures access to safe, quality-assured, and affordable medical products. Yet,
only 30% of national regulatory authorities (NRAs), according to the WHO, have the capacity to
perform all core regulatory functions for medicines and can efficiently and effectively regulate

medical products in their countries.!” That limits their capacity to assess and approve health



products and hampers efforts to ensure the quality, safety and efficacy of medical products.'”
Thanks to the development of the WHO Global Benchmarking Tool (GBT), the first globally
accepted tool that enables an objective assessment and strengthening of NRAs, countries now have
a tool that allows them to identify gaps and establish institutional development plans with realistic
standards and well-defined interventions to rigorously strengthen their system.!® The availability
of this globally recognized GBT for regulatory systems emphasizes the need for increased
national-level commitments to strengthening NRAs; a better understanding of in-country SF health
outcomes and economic costs would support countries in making these commitments. For
example, locally-specific evidence on the burden of SF medicines can inform the GBT’s market
surveillance and control module activities including the prevention and detection of and response
to SF medicine and the market surveillance program for monitoring the quality of medical products
throughout the supply chain.!®

However, to date, there is no methodological framework to assist countries in estimating the
health and economic burden of SF medical products. Greater development and use of models could
inform LMIC governments and other stakeholders on the threats and burden of use of SF medicines
to their countries. That can bolster arguments in favor of additional investments by governments
and other stakeholders, such as donor organizations towards regulatory system strengthening to
combat SF medicines and to achieve maximum population health impact.'?2
Overall goal and specific objectives

The overall goal of this dissertation is to create tools to generate evidence on the health and
socioeconomic burden of SF medicines. In my first aim, a conceptual framework and adaptable
model were developed as a tool intended to be used in situations where time and resources are

limited for estimating the health and economic burden of any SF medical product. In my second



aim, this framework and adaptable model were operationalized in the form of a case study where
the health and economic burden of SF oxytocin were estimated in Kenya. In my third aim, a full
disease model for oxytocin was developed to provide a more detailed understanding on the burden

of the SF oxytocin and to compare its findings to those obtained using the adaptable model.
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Chapter 2. Conceptual framework for estimating the health and economic
burden of substandard and falsified medicines

2.1 INTRODUCTION

Substandard and falsified (SF) medicines pose a significant global health threat for many
reasons. First, they can contain incorrect or inadequate quantities of active pharmaceutical
ingredients (API), which can result in treatment failure, prolonged illness, increased risks of harm,
illness and even mortality to patients who consume them.>’ Second, SF antimicrobials can
contribute to the development of drug-resistant strains of pathogens, making it difficult to treat
common conditions.??1°2122 Third, the availability of SF medicines undermines public confidence
in healthcare systems, potentially leading to decreased adherence to recommended treatments,
increased tendency for individuals to seek informal care and resort to self-medication over time
and ultimately, decreased health outcomes.!?

In addition to the humanistic impact, the proliferation of SF medicines can also have a substantial
economic burden on healthcare systems and patients due to increased healthcare costs and loss of
productivity. According to a report by the World Health Organization (WHO), the economic costs
of acquiring SF medicines only was estimated in 2017 to be approximately $30 billion annually .
Determining the exact global prevalence of SF medicines proves challenging due to the scarcity
of reliable data, as well as the substantial variations observed across regions, countries, and
different types of medicines. Antimalarials and anti-tuberculosis drugs appear to be particularly
affected by this issue. A 2018 meta-analysis reported that SF medicines can represent up to 13.6%
(95% CI: 11.0-16.3) of essential medicines in LMICs.®* The WHO has emphasized the urgent need
to improve the monitoring, reporting and regulatory measures to combat the phenomenon of SF

medicines and to ensure the quality, safety and efficacy of medical treatments worldwide .2
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The globalized production and distribution of medicines has increased access to affordable
treatments worldwide, but it has also resulted in the rapid spread of SF medicines in the supply
chain before it is possible to detect them and intervene in a timely manner.> This globalization has
not been accompanied by strengthening and harmonization regulatory systems globally. The
spread of SF medicines highlights the importance of regulatory oversight and the need for
increased collaboration among international agencies to ensure the safety and efficacy of
medicines globally.'

In high-income countries, national regulatory authorities (NRAs) have developed stringent
criteria and regulations to ensure medications are safe, effective, and of high quality. However, in
LMICs, the ability of NRAs is constrained by a shortage of human and financial resources within
the health sector, leading to a sub-optimally regulated environment where SF medicines production
can go undetected or unaddressed.'* The issue of SF medical products continues to grow in
importance and the global pharmaceutical market is now characterized by multiple standards of
quality which can lead to differences in the safety and efficacy of medicines available in different
countries.'®

Some medication regulations are standardized, transferable and can apply to most countries,
such as the International Conference on Harmonization (ICH) guidelines.** But the extent to which
these regulations are implemented and enforced can vary widely between countries. Some
regulations may be more applicable to countries with strong regulatory and monitoring systems in
place, while others may be more flexible to accommodate the different levels or regulatory
capacity in different countries.?

With competing and conflicting health priorities and limited resources, allocating sufficient

resources to build and strengthen pharmaceutical quality assurance is essential but remains a
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challenge for LMICs. Many countries lack the capacity to carry out all key medicines’ regulatory
functions.'® This situation calls for prioritization of resources, which can be done using the concept
of a risk-based approach (RBA).2® RBA is a strategy that aims to identify and manage potential
risks to patient safety and healthcare outcomes by directing resources to the areas of highest risk.
If product quality risks are identified, an RBA could prioritize them based on their risks and
assign appropriate resources to mitigate or prevent them.”” This approach is designed to inform the
proportional allocation of regulatory resources and optimize the impact of investments by ensuring
regulatory activities are targeting high-risk issues.?® It is important for LMIC governments and
other stakeholders to understand and mitigate their country-specific threats and burden of SF
medicines to their countries. By addressing immediate challenges in a targeted and strategic
manner, countries can build momentum and create a foundation for longer-term regulatory
strengthening efforts, which can help sustainably improve healthcare quality and patient safety
over time. Lack thereof may lead to inadequate attention, funding and actions to address this health
problem.
The development of a conceptual framework is an essential aspect of research. I It can serve as
a guide to standardize the estimation of the health and economic burden of SF medicines. The need
for such a framework is particularly high in countries where SF medicines are prevalent so it can
guide the generation of estimates of the burden of SF medicines and identify key data gaps for SF
medicines. This chapter focuses on the development and presentation of the conceptual framework
for the estimation of the health and economic burden of any SF medicine in any country.
2.2 MATERIALS AND METHODS
A conceptual framework was developed to describe the process, the considerations and decisions

of the scope, data and modeling approach to generate country-specific SF burden estimates. The
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research question was defined as follows: “How can we estimate the health and economic burden
of SF medicines for priority diseases in LMICs?”

This research question includes two key components: The first component of the conceptual
framework is the concept of priority setting and identifying priority diseases and/or medicines in
a given LMIC. The second component of the conceptual framework is determining the “how”,
i.e., the different modeling approaches that can be utilized to estimate the burden of SF medicines.
To address the research question, the development of a conceptual framework was divided into
four steps: (1) targeted literature review; (2) content analysis to identify other frameworks, key
concepts and variables relevant to the research question; (3) conceptualization and (4) expert
review to validate the conceptual framework.?

Targeted literature reviews were performed in January 2021 in PubMed, Embase and Google to
identify published and grey literature to address the different components of the research question,
i.e., priority setting and estimating the health and economic burden of SF medicines. The search
terms used for the priority setting component of the research question were: (priority) and (setting)
and (framework) or (evaluation). The search terms used for the approaches to estimate the health
and economic burden of SF medicines were: (substandard) and (falsified) and (medicines) and
(model) or (framework) or (approach). A targeted literature review, also known as a focused
literature review, is a structured review based on a clearly formulated question and narrowed
towards finding the key evidence needed to answer the research question. While less
comprehensive and less reproducible than a systematic literature review or a scoping review, this
approach is faster and is performed by a single reviewer.’3! Due to the pace and nature of the

project work, a targeted review was chosen over a systematic review as it still enables one to
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adequately answer the research question and fits the timeline better. Different combinations of
search terms were used.

We isolated the important variables for the conceptual framework relevant to priority setting and
existing approaches to estimate the impact of SF medicines described in the literature. The latter
included model characterization and data needs. Then, we assessed how these variables were
related to each other and used the findings to generate the conceptual framework that addresses
the research question.

An interdisciplinary expert advisory board was convened. The members of the advisory board
were selected using purposive sampling with the assistance of U.S. Pharmacopeia (USP).*? The
advisory board included Promoting the Quality of Medicines Plus program (PQM+) partners who
are subject matter experts in the field of SF medicines, global health and health economics from
the University of North Carolina Chapel Hill (UNC), Harvard University, USAID, and USP. The
conceptual framework was presented to elicit review and collect feedback from members of the

advisory board to refine and validate the framework .3

2.3 RESULTS

Previous conceptual frameworks describing priority setting, risk-based approaches in healthcare
and a review of the literature of the approaches and models that investigated SF medicines were
identified and different components and core variables from these articles were used to build this
conceptual framework.?3436 A high-level summary of the conceptual framework to estimate the
health and economic burden of SF medicines is shown in Figure 2.1. The framework is intended
to be a guide consisting of four core elements: (1) Priority Setting, (2) Data inventory, (3)
Evaluation, and (4) Burden. The conceptual framework describes the process and the

considerations for prioritizing medicines and disease areas impacted by the issue of SF medicines,
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identifying and evaluating available data, selecting a modeling approach to generate country-
specific estimates for the burden of SF medicines and presenting key outcomes.

Figure 2.1 Summary Framework for the estimation of the health and economic impact of SF
medicines

Priority Setting

Country
characteristics

o Disease

characteristics

Data inventory Burden

Medicine
characteristics

Q Perspective

Priority setting is the process and strategy of making a decision about which country, disease(s)
and medicine(s) to prioritize. Priority setting consists of examining (A) country characteristics, (B)
disease characteristics and (C) medicine characteristics and selecting (D) the perspective of the
analysis.

In a particular application, one might select the disease with the greatest burden, or the medicine
with the greatest perceived SF problem or the most potential benefit from reducing SF prevalence.
Once these four attributes are examined and the priority medicine and setting are determined, data
needs are identified, and a data inventory can be performed. The data inventory is a complete
described record of the inputs, datasets and metadata available, their contents, source, and other
useful information.” Once the data inventory is completed, the evaluation step allows to assess
whether there is sufficient data or insufficient data, which can inform the modeling approach that

is feasible. The final step in the framework is the assessment of the key outcomes for the health
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and economic burden of the use of SF medicines. The detailed framework, including subcategories

and attributes is shown in Figure 2.2.

Figure 2.2 conceptual framework to estimate the health and economic burden of SF medicines

‘ Conceptual Framework ‘

‘ * The objective of the framework is to help approach the process of measuring the burden of SF medicines in multiple countries.

A- Priority Setting

Country Characteristics

| High interest

|’ Access to health services

’ Available data systems

’ Regulatory framework

|
|
|
|

| Pharmaceutical Market |

Disease Characteristics

Medicine Characteristics

Burden of disease in
the country

Priority therapeutic
area for the country

| Health priority

’ Quality of medicine(s)

Characteristics of
products

Perspective

B- Data Inventory

Population
characteristics

Health-seeking
behavior

SF medicine
prevalence

> ‘ Disease prevalence

’ Supply Chain

‘ Treatment Location

- Health
- Costs

Treatment outcomes:

C- Evaluation

Sufficient Data:
- Minimal
approach

Insufficient Data:
- Data generation
- Comprehensive
disease modeling

D- Burden

Health outcomes
(DALYs/ QALYs/
Disease-specific

outcomes)

[
1

Priority Setting

Health systems in resource-constrained settings often face a wide range of challenges,

including inadequate funding and limited access to quality medical products. These challenges can

make it difficult to provide quality health services to those who need them and can result in a high

burden of disease and mortality. By prioritizing and contextualizing decision making, health

systems can ensure that resources are allocated in a way that meets the health needs with the

highest priority. The following characteristics were based on the risk-based resource allocation

framework for pharmaceutical quality assurance.?®
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A- Country characteristics

The country characteristics included are high interest, access to health services, regulatory
framework, and pharmaceutical market. High interest as a country characteristic is defined as the
expressed interest, need and/or willingness of a given country to estimate the health and economic
burden of SF medicines. Access to health services has four dimensions: availability of health
services, geographic accessibility, affordability and acceptability.®® Locations where health
services and medicines are sought should be identified to understand the availability, i.e.,
stockouts, and affordability of medicine and assess whether that contributes to the SF burden, i.e.,
large use of informal market drug shops as opposed to pharmacies. If medicines are readily
available and affordable in the country, it may suggest that the quality of these medicines is
generally acceptable and that there is a well-functioning market for medicines, with sufficient
competition to keep prices low. In such a market, it may be less likely for SF medicines to
proliferate. However, if medicines are not widely available, people may resort to purchasing
medicines from unregulated sources, increasing the risk of SF medicines. Additionally, if
medicines are prohibitively expensive, people may also be more likely to seek out cheaper,
unregulated sources of medicine, increasing the risk of SF medicines.

Regulatory framework is another country characteristic that shows whether a country has a
well-trained and resourced NRA with adequate regulatory capacity to ensure that the manufacture,
distribution, surveillance, and use of medicines are regulated effectively.!® A functional NRA is
better equipped to undertake rigorous scientific assessments of medicines and detect and prevent
the entry of SF medicines into the market and provide access to safe, effective medicines of good
quality, meeting current international regulatory standards. On the contrary, a weak regulatory

environment can suggest that it may be easier for SF medicines to enter and remain on the market.
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Understanding the regulatory framework for countries is important and the maturity level as
evaluated by the Global Benchmarking Tool (GBT) can be used to assess the regulatory capacity
of NRAs for medicines.'® The maturity level is evaluated based on nine core regulatory functions:
national regulatory system and functions, registration and marketing authorization, vigilance,
market surveillance and control, licensing establishments, regulatory inspection, laboratory
testing, clinical trial oversight, and NRA lot release.

Country characteristic is the knowledge of the pharmaceutical market as it includes the supply
side and the demand side. The supply side involves manufacturers, importers, wholesalers,
distributors, and dispensers from various sectors (e.g., public, private, donors, nongovernmental
organizations, informal markets). In addition to licensed manufacturers, there may be actors
operating outside of the regulatory framework that may not be subject to the same standards and
regulations as licensed actors. These include illicit industries, repackaging groups and itinerant
drug sellers.” The attributes on the supply side of the pharmaceutical market can provide insights
to define risk and assess priority. As for the demand side, it refers to the willingness of individuals,
healthcare providers, and governments to purchase and use pharmaceutical products. Demand is
driven by various factors, including healthcare needs, burden of disease, and actual healthcare
utilization. Understanding these factors is critical for making decisions about priority setting in
healthcare.

B- Disease characteristics

Identifying priority therapeutic areas can be done, in part, by considering information on the
burden of disease in a country which describes loss of health and death due to diseases, injuries

and risk factors. Such information is needed to assess the comparative importance of diseases,
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injuries and risk factors in causing premature death, loss of health and disability in different
populations.

The burden of a particular disease or condition can be estimated by using different health
metrics including cause-specific mortality rate, disease incidence or prevalence, disability-
adjusted life years (DALYs). According to the WHO definition, one DALY “represents the loss
of the equivalent of one year of full health”. A DALY for a disease or for a specific health condition
combines the number of years of life lost as a result of a premature death due to the disease, i.e.,
years of life lost (YLL) and the number of years of life a person lives with a disability caused by
the disease or specific health condition, i.e., years of life lived with disability (YLD). *” Besides
DALY, other measures can be used, including quality-adjusted life years (QALY) which is a
function of length of life and quality of life.!* Countries may use these data along with information
about policies and costs to determine how to set their health agenda.

C- Medicine characteristics

Depending on the country selected, the choice of medicines evaluated by the model should have
the potential to result to poor health outcomes and higher economic costs if poor quality.
Medicine(s) of interest should also be medicines that are likely to have SF versions on the market
and/or are not provided by quality-assured manufacturers. Key medicine characteristics include
manufacturing practices, quality control processes, storage and packaging, which are factors that
can contribute to substandard quality or falsified drugs. Data can be obtained from previous or
recent reports that suggest issues with the quality, safety and efficacy of the products or complaints
from heath care providers and/or patients. Quality testing during procurement or from sampling

within the supply chain is a key source of data.

D- Perspective
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Several guidelines for economic evaluation highlight the importance of clearly specifying the
perspective for whom the analysis is being undertaken.*®* Different stakeholders are interested in
health care costs and outcomes that are relevant to their specific interests. Cost components
included in the analysis may have a significant impact on policy and resource allocation decisions.
An economic evaluation can be conducted from the perspective of a patient, a specific payer
(public or private), the entire healthcare sector, or all of society depending on the purpose of the
analysis. The analytic perspective selected is important to determine prior to data inventory as it
determines which costs and health outcomes to include and influences the study results.?*4° Table

2.1 describes different perspectives, their definitions and potential data needs for the model.
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Table 2.1 Definitions and data needs of different healthcare and health economics perspectives

Perspective

Definition

Data needs

Societal

The societal perspective can be defined
by the inclusion of all relevant costs,
regardless of who pays. It s
differentiated from other perspectives by
inclusion of time costs, the use of
opportunity costs, and the use of
community preferences.!

Direct medical costs!
Direct non-medical costs
2

Indirect costs?
Intangible costs*

Healthcare sector

The health care sector perspective
includes formal health care sector, i.e.,
medical, costs borne by third-party
payers or paid for out-of-pocket (OOP)
by patients. This includes “current and
future health costs, related and unrelated
to the condition under consideration”.*

Direct medical costs
Direct non-medical costs

Payer/ Insurer

The payer’s perspective includes the
costs that would be incurred or saved by
a payer/ insurance company

Direct medical costs

Patient

The patient’s perspective includes the
expenses that patients pay for medical
products or health care services not
covered by their health insurance .*?

Direct medical costs
Direct non-medical costs
Indirect costs

Intangible costs

2- Data inventory

The second component of the conceptual framework is data inventory. Once priority setting is

completed and the country and medicine are selected, a data inventory is required to evaluate data

! Direct medical costs include costs such as clinical services, hospitalization and medications

2 Direct non-medical costs include costs such as transportation or childcare expenses incurred
due to an illness or disability.

3 Indirect costs include time lost from work/ productivity loss

4 Intangible costs such as pain and suffering. Although these are often difficult to measure, they
represent a cost to the patient and a cost to society, often in terms of quality of life.

22




availability and to inform the modeling approach. Potential data inputs to be evaluated examples

and potential data sources are described in Table 2.2. These are based on the findings of a review

of existing models and approaches that estimated the health and economic impact of SF

medicines.** Data needs include epidemiological and demographic parameters on eligible

population, disease incidence, SF medicine prevalence, health-seeking behavior and treatment

locations, e.g., public and private sector, health outcomes, i.e., medicine efficacy, medication

procurement costs and disease management costs data at different health facility levels.

Table 2.2 Potential data inputs and possible data sources to be evaluated during data inventory

Data Inputs

Examples

Possible Data Sources

Demographic and
epidemiological data

Population eligible

Life expectancy

Proportion of public and private
sector

Health-seeking behavior

Percentage of patients receiving
care and treatment locations

SF medicine prevalence

Prevalence of SF medicines
depending on percentage of
active pharmaceutical ingredient
(APD)

Disease prevalence

Incidence and number of cases
of a given condition or illness

Health outcomes

Treatment efficacy when given
treatment, disease outcome
without treatment, deaths, mild
and severe cases, case fatality

rate

Treatment costs

Drug procurement costs, disease
management costs

Country profiles

Ministry of health annual reports
Published peer-reviewed data and grey
literature

Regulatory Agencies' and in-country or
regional pharmacovigilance data, e.g.,
post data
(PMS)

Primary data collection
Pharmaceutical market reports
Publicly available data

Global Burden of Disease

marketing surveillance

3- Evaluation
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An evaluation of the data availability and quality is conducted to inform the modeling approach
and data is either considered sufficient or insufficient. If data on outcomes of interest are available,
data are considered sufficient and a minimal modeling approach can be conducted in certain
circumstances to develop a generalizable model to estimate the health and economic burden of SF
medicines. Minimal modeling approaches are defined as those that seek to simplify the process by
focusing on the most essential aspects. The goal is to create a model that captures the most
important parameters while minimizing complexity and computational parameters are feasible in
certain circumstances.!” Minimal modeling in the context of SF medicines would focus on key
model outcomes without incorporating the disease progression and treatment process. If data, time
and resources are available, comprehensive disease modeling or full disease modeling can be
considered. Full disease modeling is defined as the full characterization of the disease or treatment
using a decision model or other simulation models of relevant health states. This type of modeling
requires additional data on disease progression and treatment protocols as well as corresponding
health outcomes and costs. While it entails a complex and time-consuming modeling exercise, it
provides more precise and robust estimates. If key data availability is insufficient, data generation
through primary or secondary data collection may be needed.

4- Burden

The metrics for burden are the potential health and economic outcomes associated with the use
of SF medicines.

Health outcomes
Health outcomes can be estimated by using general commonly accepted metrics such as
DALYs or QALY or disease-specific outcomes. The advantage of these general metrics is that

they allow comparison of interventions across different therapeutic areas in the health sector. Other
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primary health outcomes can include years of life lost (YLLs) and number of deaths. Depending
on the medicine of interest selected during priority setting, additional disease-specific outcomes
can also be included subject to audience interest and data availability, e.g., incremental cases of
disease-specific outcome.
Costs

The economic burden includes the total costs incurred due to the use of SF medicines. Depending
on the perspective selected for the analysis, the economic burden can encompass different costs
and provide a unique understanding of the burden of SF medicines. Direct medical costs refer to
the expenses incurred in the treatment and management of a condition, including medications,
physician visits, health worker’s time, hospitalizations and laboratory tests. Direct non-medical
costs comprise expenses related to transportation and upkeep associated with medical
appointments; indirect costs include costs associated with productivity losses due to short-term
illness, convalescence, disability or death, such as missed days at work, reduced work capacity,
early retirement or premature death. By taking into account different perspectives and types of
costs, policymakers, healthcare providers, and patients can better understand the full economic

burden of SF medicines and make informed decisions about prevention and resource allocation.

2.4 DISCUSSION

This conceptual framework was developed to standardize the estimation of the health and
economic burden of SF medicines. It is designed to be broad and comprehensive and when
operationalized, the framework can demonstrate its utility as a country-level tool that can assist
key stakeholders in LMICs to estimate the health and economic burden of SF medicines.

The first step of this framework is priority setting, which is often a missing step in connecting

research with policy and practice needs.*> Although there is no unanimous consensus on the
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definition of research priority setting, most definitions suggest it entails a range of processes and
activities that include identifying, prioritizing and agreeing on research areas or questions that are
important to relevant stakeholders.*’- Priority setting in the context of SF medicines assists policy
makers in effectively choosing to evaluate or address SF medicines that have the greatest potential
health and economic burden. That is essential to maximize the impact of investments, especially
in low-resource settings.* Overlooking priority setting in healthcare research can have important
implications. First, it can lead to a failure to address the most pressing, high-risk issues. This
consequently can lead to allocation of resources to interventions that are less impactful or less
urgent which leads to missed opportunities to make a significant impact on health and economic
outcomes. Second, overlooking priority setting can result in a lack of stakeholder engagement and
buy-in from policymakers, regulators, healthcare providers, or patients. This can limit the
effectiveness of interventions that could potentially address the SF medicines issue. On the
contrary, when the framework is operationalized, priority setting allows flexibility to integrate and
address the needs of in-country stakeholders and to identify components that may be of greater
importance to the setting. This flexibility enhances the potential utility and applicability of the
complete framework .+

Once a priority medicine is selected, data inputs are identified based on variables used in
previous models and any existing data on the health and economic burden of SF medicines. Once
data availability and data gaps are evaluated, a modeling approach is chosen. The health and
economic burden of SF medicines can be generated using an adaptable minimal model or a more
complex comprehensive disease model. Depending on the modeling approach, additional data may

be needed to sufficiently populate the model.
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Minimal modeling offers an advantage over comprehensive disease modeling when high-level,
rapid estimates of the SF burden are needed and when building a full disease model is not feasible
due to the lack of time and/or resources. While a minimal modeling approach was used by Meltzer
et al. for value of information (VOI) studies to simplify complex models by reducing the number
of variables and assumptions, the same concept can be applied to the modeling of the estimation
of the burden of SF medicines.* In their study, and despite the simplifications, they were able to
demonstrate the value of genetic testing in breast cancer patients. Further research was needed to
validate the assumptions made in their model and to refine the estimates of treatment effectiveness
and costs, but minimal modeling approach still provided them with reliable evidence.* It is
important to note that while minimal modeling approaches present a reduced need for complex
and time-consuming modeling, they do require good quality data for individual inputs to generate
reliable results.

Several data sources can be used to estimate disease-specific or general health outcomes,
depending on the SF medicine of interest and the specific outcomes being measures. Some
examples include clinical trials data on disease progression, survival, quality of life and patient
outcomes. Other sources are electronic health records, disease registries for specific diseases,
patient-reported outcomes, etc.

The model, whether it is using a minimal or a full disease modeling approach, is intended to
generate results and to help relevant stakeholders understand the burden of SF medicines. Findings
may support the use of RBA to explore root causes, prioritize interventions and commit to address
the specific issues underlying the quality problems of that medicine type (or medicines in general)
in their country. RBAs have been adopted by mature regulatory authorities such as the U.S. Food

and Drug Administration (FDA) and the European Medicines Agency (EMA) for key regulatory
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functions, including inspection of manufacturing facilities and product sampling for quality
testing. “¢ The first and last steps of the conceptual framework, i.e., priority setting and burden
estimation, can inform and support RBAs so that priority attention and improvement efforts are
focused on the highest-risk products, geographies and actors. Put another way, using this
framework to identify the products with the highest burden, estimating that burden and an RBA
can yield the most health and economic impact per investment dollar.?

Developing this conceptual framework was an important first step to help organize and guide
the development of a model to estimate the health and economic burden of SF medicines.
However, there are several limitations to consider. First, we performed targeted literature reviews
to address the separate components of the research question that included priority setting and
“how” to estimate the burden. Targeted literature reviews are not as comprehensive and
reproducible as a scoping or systematic literature review. Hence, the conceptual framework may
not capture all of the important variables or relationships in the field and the process may not be
replicable. However, to address this limitation, we relied on previous published frameworks for
priority setting and a comprehensive literature review that synthesized all of the existing models
and approaches to estimate the health and economic impact of medicines. The work was also
presented to and validated by an advisory board of subject matter experts.

Another limitation is that this framework was developed to be a generalizable tool that can be
adapted and used for any SF medicine. However, it is important to note that there may be specific
case studies or contexts where the framework may require adaptation for effective application.
Further research is needed to validate its applicability in different settings for different medicines.
From an applied perspective, it may also be challenging to follow the framework sequentially as

an idea of the modeling approach may be needed in certain situations to inform data requirements.
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While it is recommended to apply this framework sequentially for optimal results, it is important
to remain flexible in its use, as certain steps or processes may need to be modified or used in a

different order depending on the specific case or context.

2.5 CONCLUSION

The development of a conceptual framework for estimating the health and economic burden of
SF medicines represents an innovative approach to tackling a complex and pressing global health
challenge. By providing a framework for estimating the burden of SF medicines, this framework
has the potential to inform evidence-based policymaking and resource allocation decisions. This
conceptual framework can serve as a tool that allows a reproducible and feasible process for
researchers, practitioners and stakeholders working to combat SF medicines. Overall, the
development of this conceptual framework represents as a first step in a project that seeks to
develop tools that can help stakeholders generate country-specific estimates on the magnitude of

burden resulting from use of SF medicines, which is a critical step towards addressing their impact.
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Chapter 3. Development of an Adaptable Model to Estimate the Health
and Economic Burden of Substandard and Falsified
Medicines: Oxytocin Case Study

3.1 INTRODUCTION

Substandard and falsified (SF) medicines threaten health and undermine progress towards
meeting the Sustainable Development Goals (SDGs).2 The World Health Organization (WHO)
defines substandard medicines as authorized products that fail to meet their quality standards or
specifications or both and falsified medicines as products that deliberately or fraudulently
misrepresent their identity, composition or source.*’” SF medicines can lack necessary quantities
of active pharmaceutical ingredients (API) reducing the clinical effect and resulting in prolonged
illness and the need for further treatment.>’3+47#% Furthermore, SF medicines can cause severe
adverse reactions and avertable disease outcomes including death and suffering.?784748

A 2017 report by the WHO on SF medical products noted that there is limited accurate and
reliable information characterizing the public health and economic impact of SF medicines.?Of the
100 published studies on the prevalence of SF medicines included in the WHO report, only one
was a systematic attempt to estimate the association between poor-quality drugs and mortality, in
that case, antimalarials and under-five year old deaths.* As a result, conclusions are difficult to
draw about the overall health and economic burden of SF medical products.? A stronger evidence
base is needed to estimate the health and economic burden of SF medical products to better
prevent, detect and respond to their threat.

Impact models have been developed to estimate the health and economic impact of SF
medicines, but they have been applied solely to examine the impact of poor-quality antimalarials

and antibiotics. Additionally, the scope of these models has been limited to certain countries, i.e.,
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Kenya, Benin, Democratic Republic of Congo (DRC), Uganda, Nigeria, Zambia, and Laos, or
regions, i.e., sub-Saharan Africa or industrialized countries compared to developing countries.>>-
52 It remains challenging for governments of low- and middle-income countries (LMIC) not
included in these studies and for other stakeholders to utilize these models’ findings to understand
and mitigate their country-specific threats and burden from SF medicines. This limitation may lead
to inadequate attention and funding for this health problem at country and global levels.

An adaptable model that can be applied by any country and used for any medicine or clinical
indication would allow a reproducible and feasible process to generate estimates of the burden of
SF medicines within and across countries and identify key data gaps. This approach can address
the inefficiency of building full disease models for each SF medicine of interest. An adaptable
model also provides stakeholders with locally specific and policy-relevant information on the
magnitude of burden resulting from the use of SF medicines. The development of such a model
may be particularly useful for countries where the prevalence of SF medicines is high, and
resources are limited for undertaking primary research studies on the impact of SF medicines.

In this study, we developed an adaptable model that can be used to generate country-specific
estimates of the health and economic burden of any SF medicine. This paper describes the
methodology of the model and findings for a case study applied to SF oxytocin for active

management of the third stage of labor among pregnant women in Kenya.

3.2  MATERIALS AND METHODS

Model Structure

Our model development leveraged a review of published literature, which identified seven

existing models and approaches to estimating the health and economic burden of SF medicines.**
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The characteristics of these existing models, such as the modeling approach, model structure, data
inputs and outputs, were utilized to inform a parsimonious set of key inputs to include in the model
and their potential data sources. We then developed a decision tree model that estimates the health
and economic burden of SF medicines from a healthcare sector and societal perspective using
Microsoft Excel. A decision tree model was selected because it is a systematic, quantitative
approach that allows users to represent alternative options, evaluate the alternatives in terms of
costs and outcomes of interest, and quantify the uncertainty in the strategies or scenarios being
compared. Additionally, a decision tree can accommodate any medicine and it is sufficiently
simple to use and be managed by key stakeholders.>® In order to estimate the incremental health
outcomes and costs of SF medicines, our model compares two mutually exclusive scenarios:
- Areal-world scenario that reflects the estimated prevalence of specified SF medicines in a
given setting.
- A hypothetical, ideal or standard quality scenario, in which no SF medicines are present,
i.e., the prevalence of SF medicines = 0.

A schematic representation of the model structure and set of inputs are presented in Figure 3.1.
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Figure 3.1 Decision tree model structure to estimate the health and economic burden of SF medicines
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The decision tree (Figure 3.1) starts with the eligible population, i.e., the number of people
within a defined population (e.g., country) with the disease or health condition of interest. For each
scenario, eligible patients can either seek care or not (i.e., healthcare seeking behavior). If they
seek care, they can receive care at a public location (i.e., public hospital or health center), private
location (i.e., hospital, health center, pharmacy, clinic) or other location. “Other locations” were
included in the model to allow the user to customize and incorporate different healthcare system
sectors and facilities and services that may vary in different countries.

For each health care location, the medicine(s) that the patient receives may be of standard
quality, or a substandard and/or falsified level of quality. The prevalence of SF medicines is
incorporated into the decision tree (Figure 3.1) as the distribution of four different levels of quality
of medicines based on the percentage of active pharmaceutical ingredient (API), i.e., the ingredient
that produces the intended health effect, in the medicine. The four quality levels used in the model

are:

e Standard quality: 90 -110% of the API as defined by the United States Pharmacopeia
(USP)*

e Substandard quality and falsified 1 (SF1): 75 - 89% of the API required by the USP
standard>*

e Substandard quality and falsified 2 (SF2): 50 - 74% of the API required by the USP
standard?

e Substandard quality and falsified 3 (SF3): < 50% of the API required by the USP standard?

These ranges were based on the malaria model developed by Bath et al. as reported in the 2017

report by the WHO, and slightly adjusted to accommodate the USP definition of standard quality
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medicines (i.e., SF1 in this model has an API between 75%-89% instead of 75-84% included in
the model by Bath et al as reported in the 2017 report by the WHO).?

In some settings, the dose of an SF oxytocin may be increased beyond the allowable prescription
dose (“up-dosing”). Up-dosing is reported to be a common practice with oxytocin in LMICs and
is defined as a healthcare provider administering more than the dose initially prescribed when
medicines are believed to be substandard to maintain treatment efficacy.™ This practice is
incorporated into the decision tree as up-dosing or no up-dosing. Finally, at the end of the model,
the end nodes represented by triangles in Figure 3.1 are the health and economic payoffs or
outcomes. These payoffs are adaptable and can be customized depending on the medicine and key
outcomes of interest.

For our case study, the eligible population is the number of pregnant patients annually in Kenya.
Care locations included in the model were selected based on expert opinion for types of public and
private institutions where pregnant patients typically seek care and may receive SF medical
products. Payoffs for oxytocin included in this case study were selected based on the literature and
expert opinion.

Assumptions

We make assumptions shown in Table 3.1 based on the Bath et al. model as reported in the
2017 report by the WHO regarding the relationship between the API percentage and medicine
efficacy.? For each outcome, data on treatment efficacy with and without treatment are needed to
estimate the effect of SF medicines. The payoffs are then multiplied by the branch probability and

aggregated to provide the expected outcome for each comparator.
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Table 3.1 Key assumptions on the relationship between percentage of required API, reduction in
efficacy and medicine efficacy

Medicine quality rating % of required API Reduction in Medicine efficacy
efficacy

Standard 90 - 110% >* 0% 100%

Substandard level 1 75 —89% 4 30% 2 70%

Substandard level 2 50 — 74%? 60% * 40%

Substandard level 3 <50% * 100% > 0%

Additional model assumptions that help assess the effect of SF medicines, reduce complexity,

or reduce data requirements are the following:

If a patient receives their medicine at a given facility, the model assumes that the patient

continues to do so and does not change location.

- Patients have adequate adherence to their medical treatment.

- Treatment efficacy based on medicine quality does not vary by treatment location.

- Because the purchaser and/or administrator is unaware of drug quality, the cost of SF,
standard, and adulterated drugs is the same per given location.

- According to stakeholders from Kenya, by giving the additional doses, in practice,

healthcare providers reach the efficacy they expect with a single dose. So we assume that

if providers increase the number of doses, treatment efficacy is considered maintained,

but costs of medication are increased.
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- Itis assumed that stock availability does not differ between the real-world scenario and the

ideal-quality scenario.

Model Inputs

Model inputs are divided into five sections: health-seeking behavior, epidemiological

parameters, medicine quality, health outcomes and costs. The main data inputs used in this case

study and uncertainty ranges are shown in Table 3.2. All model inputs were either extracted from

available literature or secondary data provided by a technical working group (TWG) from Kenya.’

Table 3.2 Main data parameters, base case value, range and source for the Kenya SF oxytocin case

study
Parameter Base Case | Range Source
Health-seeking behavior
Eligible population (pregnant women in Kenya annually) | 1,599,306 | (1,507,450, 56

1,723,692)

Percentage of population who seek care (percentage of | 75% (67,79) 3
health facility deliveries)
Percentage of population who receive care in the public | 71% (69,74) 56
sector (percentage of deliveries in the public sector)
Percentage of population who receive care in the private | 17% (15,18) 56
sector (percentage of deliveries in the private sector)
Percentage of population who receive care in other | 13% (11,14) 56
sectors, if applicable (percentage of deliveries in the faith-
based sector)
Proportion of Hospitals in Public Sector 40% N/A 37
Proportion of Public Health Centers in Public Sector 60% N/A 57
Proportion of Hospitals in Private Sector 46% N/A 37
Proportion of Private Pharmacies in Private Sector 21% N/A 37
Proportion of "other locations" in Private Sector, if | 33% N/A 57
applicable (Proportion of doctors’/clinical officers’
clinics)
Percentage of healthcare providers who up dose when | 41% (0,50) 58
using SF medicines

> The technical working group (TWG) was formed by subject matter experts in medicine quality,

policy and maternal health from different entities: academia, pharmacy and poison board,

ministry of health,
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Number of doses to compensate for SF1 medicines © 2 0,2) 38
Number of doses to compensate for SF2 medicines ’ 3 0,3) 38
Number of doses to compensate for SF3 medicines ® 4 04) 38
Epidemiological Parameters

Mother’s mean childbearing age 28.6 (14, 50) 5960
Expectation of life at age 25-29 4747 (30.44, 56.83) o1
Employment Rate 49.9% (294,61.6) 62
Prevalence of standard quality medicines 93% (86, 100) 63
Prevalence of SF1 medicines © 7% (0,14) 63
Prevalence of SF2 medicines ’ 0% N/A 63
Prevalence of SF3 medicines ® 0% N/A 63
Health Outcomes

Probability of disease- specific outcome 1 (mild PPH) | 0.12 (0.092,0.255) 64.65
with oxytocin

Probability of disease- specific outcome 1 (mild PPH) | 0.239 (0.123,0.464) 66
without oxytocin

Probability of disease- specific outcome 2 (hysterectomy) | 0.0013 (0.001, 0.0032) 64,67
with oxytocin

Probability of disease- specific outcome 2 (hysterectomy) | 0.0028 (0.0024,0.0032) 68
without oxytocin

Probability of disease- specific outcome 3 (severe PPH) | 0.014 (0.006, 0.08) 64
with oxytocin

Probability of disease- specific outcome 3 (severe PPH) | 0.043 (0.018,0.09) 69
without oxytocin

Mortality Risk due to PPH 0.054 (0.021,0.13) 70,71
Mortality risk due to hysterectomy 0.00292 (0.0006, 0.00378) 72
Number of days missed at work due to mild PPH 2.98 (2.94,3.08) 7
Number of days missed at work due to hysterectomy 7.8 (0.4, 28) 475
Number of days missed at work due to severe PPH 3.67 (3.56,3.78) 7
Costs

National average Drug Cost per Dose $0.39 (0.03-1.35) 64,7677
National average Unit Cost of Mild PPH Management $77.61 (50-500) 58,64
National average Unit Cost of Hysterectomy Management | $663 (500-1,663.25) 58,78,79
National average Unit Cost of severe PPH Management | $1343 (77.61-1,611) 64,80
Productivity loss due to days of missed work (per day) $5.5° (2.39,7) 5881
GDP Per capita $1,838.21 1
Drug Cost per Dose at public hospitals $0.03 (0.02,0.03) 58,76
Drug Cost per Dose at Public Health Centers $0.03 (0.03,0.04) 58,76
Drug Cost per Dose at Private hospitals $1.35 (1.08,1.62) 58,76

¢ Substandard and falsified medicines 1 with 75 - 89% of the API required by the USP standard
7 Substandard and falsified medicines 2 with 50 - 74% of the API required by the USP standard
8 Substandard and falsified medicines 3 with less than 50% of the API required by the USP

standard
9 GDP per capita divided by 365 days ¥’

38




Drug Cost per Dose at Private pharmacies $1.25 (1,1.5) 835

Drug Cost per Dose at "other locations" in Private Sector, | $1.25 (1,1.5) 835

if applicable (Doctors’and Clinical Officers’ clinics)

Drug Cost per Dose at other sectors, if applicable (faith- | $0.672 (0.16-0.672) 76

based Locations)

Mild PPH management at public hospitals $77.61 (50-500) 64

Mild PPH management at Public Health Centers $77.61 (50-500) Assumption
based on *

Mild PPH management at Private hospitals $400 (320,480)!° 58

Mild PPH management at "other locations" in Private | $400 (320,480) Assumption

Sector, if applicable (Doctors’and Clinical Officers’ based on '*

clinics)

Mild PPH management at other sectors, if applicable | $238.8 ! | (77.61,400)'? Assumption

(faith-based Locations)

Average Unit Cost of Hysterectomy Management at | $662 (64,2,074) 64,79

Public Hospitals

Average Unit Cost of Hysterectomy Management at | $662 '3 (64,2,074) 64

Public Health Centers

Average Unit Cost of Hysterectomy Management at | $2,074 (1,659, 2.,489) 38

Private Hospitals

Average Unit Cost of Hysterectomy Management at | N/A

Private Pharmacies

Average Unit Cost of Hysterectomy Management at | $2,074 (1,659, 2.,489)

"other locations" in Private Sector, if applicable 58

(Doctors’and Clinical Officers’ clinics)

Average Unit Cost of Hysterectomy Management at other | $1,368 (1,094, 1,642) Assumption

sectors, if applicable (faith-based Locations)

Average Unit Cost of Severe PPH Management at Public | $1,343 (77.61-1,611) 6480

Hospitals

Average Unit Cost of Severe PPH Management at Public | $1,343 (77.61-1,611) Assumption

Health Centers

Average Unit Cost of Severe PPH Management at Private | $2,686 (77.61-3,223) Assumption

Hospitals based on
58,6480

Average Unit Cost of Severe PPH Management at "other | $2,686 (77.61-3,223) Assumption

locations" in Private Sector, if applicable (Doctors’ and based on

Clinical Officers’ clinics) 58.64.80

19 Range was defined as +/- 20% due to lack of evidence
1 Using an average between public and private locations as faith-based locations are typically
more expensive than public hospitals and cheaper than private hospitals

12 We defined the range as the costs of public hospitals and private hospitals
13 No hysterectomies are performed at public health centers, we assume these are redirected to

public hospitals
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Average Unit Cost of Severe PPH Management at other
sectors, if applicable (faith-based Locations)

$2,014

(77.61-2,417)

Assumption

based on
58,64.80
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Model Outcomes
The primary outputs of the model are estimates of the health burden, i.e., health outcomes, and

healthcare sector and societal costs in the presence and absence of SF medicines.

a. Health outcomes

Two types of health outcomes can be used for this model: general health outcomes and disease-
specific health outcomes. General health outcomes are comparable across different diseases/health
conditions and health interventions. They are DALY, QALYs, years of life lost (YLL) and death.
Disease-specific outcomes are specific to the disease or health condition being treated by the
medicine of interest. In this case study, due to the lack of data availability on DALYs and QALY
with and without the use of oxytocin, these outcomes were not included. However, YLLs and
deaths were estimated. For disease-specific outcomes, mild postpartum hemorrhage (PPH), severe

PPH and hysterectomies were identified as key health outcomes.

The incremental number of deaths was calculated as the total number of deaths due to PPH, i.e.,
obtained by multiplying the incremental number of PPH by the mortality risk due to PPH, and the
total number of deaths due to hysterectomies, i.e., obtained by multiplying the incremental number
of hysterectomies by the mortality risk of hysterectomies. To calculate years of life lost, the
incremental number of deaths was multiplied by the remaining life-span at mean age of
childbearing (25-29 years in Kenya).! A half-cycle adjustment was applied with an assumption

that all deaths occurred in the middle of the year.

b. Economic outcomes
To estimate the economic burden of SF medicines, unit average costs are assigned to different

health outcomes. Once the incremental health outcomes due to use of SF medicines are estimated,
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they are multiplied by the average management cost of the outcome. Productivity losses were
estimated using the human capital approach based on gross domestic product (GDP) per capita,
sex-specific employment rate, and duration of lost productivity, i.e., missed days at work.>

Lifetime productivity losses were estimated based on lost economic productivity between
mean age of death and life expectancy, taking into account sex-specific employment rate between
15 and 64 years old. Depending on the parameters included, the model can estimate economic
outcomes from a healthcare sector perspective and societal perspective.

In this case study, oxytocin, unit average costs were assigned to different oxytocin-specific
health outcomes. The incremental cases of mild PPH, severe PPH and hysterectomies were
multiplied by the management cost of these outcome, taking into account different costs at
different treatment locations. Lifetime productivity losses were estimated based on lost economic
productivity between mean age of childbearing, i.e., 28.6 years in Kenya and life expectancy,
taking into account sex-specific employment rate between 15 and 64 years old. A 3% discount rate
was used for the analysis. Costs were estimated from a healthcare sector perspective and societal
perspective and converted from Kenyan Shillings (KES) to US dollars (USD) using the average
annual exchange rate for 2021 (1 USD = 122.935 KES) and were rounded to the nearest thousands.??
Uncertainty Analysis

A one-way sensitivity analysis (OWSA) was used to assess parameter uncertainty and to
estimate the impact of a change in given inputs on the model’s output results. The results provide
useful information regarding which variables are most influential and how they impact health

outcomes and costs.

Internal and external validation
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Model validation was performed to evaluate whether the model is a proper representation of
the health and economic burden of SF medicines and whether the results of the analysis can serve
as a basis for decision making.?® The research question, the model structure and the potential data
sources were reviewed and validated by an interdisciplinary expert advisory board. The members
of the advisory board were selected using purposive sampling and included subject matter experts
in the field of SF medicines, global health, medicines regulation and health economics.*> Two
subject matter experts in model developments verified the mathematical calculations, code and
formulas. The model was also pressure tested by entering different values, entering extreme values,
running multiple scenarios, and zeroing out inputs. A research team of health economists and
modelers at University of North Carolina Chapel Hill (UNC) performed an external verification
for the model by checking the model inputs and formulas to ensure they are correct, checking for

coding errors, and ensuring the Excel-based model cells are linked in appropriate ways.

3.3 RESULTS

Base Case Results for Application of Model to Case Study in Kenya

This case study presents the model results for oxytocin in Kenya for an annual cohort of
approximately 1.2 million pregnant women delivering in healthcare facilities, assuming a 7%
prevalence of SF medicines 1 (API between 75-90%) compared to an ideal scenario of standard
quality oxytocin. The model estimates that every year there are 2,005 additional cases of mild
PPH, 488 cases of severe PPH, 25 cases of hysterectomies, 26 deaths and 420 of life years lost due
to SF oxytocin.

In addition to the health burden, the economic burden of SF oxytocin due to the additional
morbidity and mortality caused by SF oxytocin is estimated at a total of $1,239,121 from a societal

perspective, including $937,050 in direct costs from the healthcare sector perspective. Productivity
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losses as a result of SF oxytocin were estimated as $302,071 a year including $21,729 due to

missed days of work and $280,342 due to premature death.

The annual health and economic burden of SF oxytocin in Kenya are presented in Table 3.3.

Table 3.3 The annual health and economic burden of SF oxytocin in Kenya generated by the

adaptable model in 2021 USD

Real-world Scenario

Ideal Scenario

Burden due to SF

(SF presence) (No SF present) oxytocin
Cases of mild PPH 146,391 144,386 2,005
Cases of severe PPH 17,334 16,845 488
Cases of hysterectomy 1,589 1,564 25
Incremental deaths 940 914 26
Life years lost 14,924 14,504 420
Cost of drugs $260,890 $253,034 $8.856
Cost of mild PPH (from a healthcare | $18,270,229 $18,020,050 $250,178
sector perspective)
Productivity loss due to missed days | $1,190,317 $1,174,017 $16,300
at work due to mild PPH
Cost of severe PPH (from a | $23,279,013 $22.622.948 $656,065
healthcare sector perspective)
Productivity loss due to missed days | $173,575 $168,683 $4 892
at work due to severe PPH
Cost of hysterectomies (from a | $1,380,771 $1,358.,820 $21,950
healthcare sector perspective)
Productivity loss due to missed days | $33,828 $33,290 $538
at work due to hysterectomies
Total costs (from a health care sector | $43,191,903 $42 254,852 $937.,050
perspective)
Productivity loss due to missed days | $1,397,720 $1,375,990 $21,730
at work (total)
Productivity loss due to premature | $9,967,880 $9.,687.,540 $280,340
death
Total productivity loss $11,365,600 $11,063,530 $302,070
Total societal cost $54,557,500 $53,318,380 $1,239,120

One-way sensitivity analysis

The probability of severe PPH without treatment had the largest effect on economic outcomes

and incremental cases of severe PPH. With a probability ranging from 0.018 to 0.097, incremental
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cost estimates varied between $442,897 and $ 3,003,463 and the number of incremental cases of
severe PPH varied between 75 and 5,929.

The probability of mild PPH without treatment had the biggest impact on the estimated number
of incremental cases of mild PPH (50-5,795 cases), and the proportion of SF1 medicines had the
biggest impact on the estimated number of incremental hysterectomies (0-51 hysterectomies). For
life-years lost and deaths, the most influential parameter was the probability of severe PPH without
treatment. For an uncertainty range of 0.018 to 0.097, the number of deaths varied between 4 and
76 and the number of life-years lost varied between 65 and 1,205.

Figure 3.2 presents the Tornado diagram of univariate sensitivity analysis of the main
parameters that had the largest effects on incremental costs.

Figure 3.2 Tornado diagram of univariate sensitivity analysis on incremental costs using the
adaptable model
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3.4 DISCUSSION

This paper presents the development of and methodology for an adaptable model that can be
used to generate evidence about and quantify the health and economic burden of SF medicines.
The results of this case study illustrate the application of the model to estimate the effects of the
presence of an assumed 7% SF oxytocin on maternal outcomes, including PPH, hysterectomies,

and mortality, and to potentially avertable costs for the healthcare sector and society in Kenya.
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Comparing the base case results to annual incidence of maternal outcomes in Kenya, our model
estimates that, with 8.4 maternal deaths per 100,000 live births, poor quality oxytocin contributes
to nearly 1.7% of total annual maternal deaths estimated at 488 maternal deaths per 100,000 live
births.3* The presence of SF oxytocin in Kenya presents a challenge in meeting the SDG of

reducing the global mortality ratio to less than 70 per 100,000 live births by 2030.%

Out of $1.2 million in economic burden from a societal perspective, approximately 23% of the
total economic burden was due to productivity loss due to premature death. An evident result of
premature mortality is a decrease of potential labor supply. A study conducted in Europe estimated
the value of market production lost due to early deaths and found that premature death cases are
not only a significant public health burden, but they also result in explicit loss for the economy .%
The findings of this study by Lyszczarz et al. describe the magnitude of the economic burden
attributable to early deaths which provides data that can be used in prioritizing public policy
choices aimed at improving health and sustaining economic viability, thereby supporting

advancement toward SDGs.

This adaptable model allowed us to generate rapid country-specific results for a high priority
medicine in Kenya. Disease-specific models such as the substandard and falsified antimalarial
research impact model (SAFARI) can generate more accurate results than an adaptable model as
they take into account disease progression, demographics, behaviors and follow patients over
time.%” However, the process of developing a new model for each disease is not efficient for the
primary objective of using one adaptable model for any medicine or indication in a timely manner.
This adaptable model is efficient in generating high-level estimates of the SF burden of multiple
diseases. The adaptable model also minimizes the analytic burden due to the reduced number of

inputs needed to generate results compared to an agent-based model.
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This model’s main assumption is the relationship between the level of API and efficacy
reduction. This definition was based on previous efforts to estimate the impact of SF medicines.?
The levels of API to define the three SF medicines categories are slightly different than the ones
used in the Bath et al. model as reported in the 2017 report by the WHO to accommodate USP’s

definition of standard quality medicines.2

The Bath et al. model, as reported in the 2017 report by the WHO, SF1 categorization contains
75-85% of API (vs. 75-90% in this model). That means that the 85-90% range adjustment that was
considered standard quality in their model is considered substandard in this model. As our model
is using the same assumption for treatment efficacy reduction but broadening the range of API for
the definition, caution should be taken in the interpretation of the results as they may be

overestimating the burden of SF medicines.

A limitation of this case study is that the estimates of reduction in efficacy are assumptions
based on the malaria model developed by Bath et al. as reported in the 2017 report by the WHO
and the SAFARI model; generally, there is limited data to parameterize these variables. If model
assumptions are not true, the model may inaccurately reflect reality and may result in inaccurate
predictions. This relationship between percentage of API and efficacy reduction can be medicine-
specific and may not be generalizable across different medicines. In an effort to make the model
adaptable, the assumptions about different levels of API and efficacy reductions are customizable.
Model users are encouraged to seek evidence on this relationship for the medicine of interest and

include uncertainty ranges in sensitivity analyses.

In this model, it is assumed that SF medicines contain sub-therapeutic concentrations of API or
have no API at all. However, SF medicines can also contain improper ingredients.®® Hence, a

proportion of SF medicines may also be adulterated (i.e., include ingredients that may have
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harmful effects) and lead to increased health and economic burden. While data about adulterated
medicines and the effects on health outcomes were unavailable for this case study, the model can
estimate the health and economic burden of the harmful effects arising from medicine adulteration
in case it becomes available. Additionally, samples with API more than 110% were not included
in the SF categories. Some medicine quality studies found that there were two types of moderate
medicine quality deviations: batches with lower and batches with higher than the acceptable
content of APIs.* Antibiotics with higher API contents were the most observed medications in
those studies. This may limit the use of the model with SF medicines and/or antimicrobials with
API>110%. Finally, the model is dependent on available data, specifically for health outcomes
with and without treatment. If these data aren’t available, results cannot be generated but key data

gaps can be identified.

Models are inherently limited by the quality and availability of the data used to derive model
parameters and their ability to account for heterogeneity.”” However, our model attempts to
mitigate these limitations by using the most up-to-date and recognized definitions for classifying
medicine quality. We also include an uncertainty analysis using data ranges to cover probable high
and low estimates for variables to assess how outcomes vary under different assumptions.’!

3.5 CONCLUSIONS

After years of global cooperation and initiatives designed to facilitate greater access to quality
medicines, SF medicines remain a major threat to global health for LMICs. To ensure that progress
continues, it is essential to provide local estimates of burden in order to address the factors that are
contributing to the prevalence of SF medicines. This adaptable model is presented as a tool that
can assess and illustrate the magnitude of the health and economic impact of SF medicines in

different countries through a case study of oxytocin in Kenya. The model results should inform
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key stakeholders to recognize the burden of SF oxytocin and identify interventions to improve the
quality of medical products. 2 As the world seeks to achieve the SDGs by 2030, reducing the

prevalence of SF medicines will be essential to provide access to good-quality health services for

all.
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Chapter 4. Using comprehensive disease modeling to assess the burden of

substandard and falsified oxytocin in Kenya

4.1 INTRODUCTION

Maternal mortality is a major global health concern, especially in low- and middle-income
countries (LMICs).”? Although global maternal mortality declined by 38% between 2000 and 2017,
it still remains alarmingly high. Each year, nearly 295,000 women die during and following
pregnancy and childbirth with 94% of these deaths occurring in LMICs.”? In Kenya, the death rate
for pregnancy-related causes is 355 per 100,000 live births.# This equals approximately 5,000 girls
and women dying annually of pregnancy and childbirth complications, most of which could be
prevented.’?

Postpartum hemorrhage (PPH), defined as a blood loss of 500mL or more following childbirth,
is aleading direct cause of maternal mortality globally, accounting for 27.1% of all maternal deaths.”
Over 14 million women experience PPH every year causing 70,000 maternal deaths due to bleeding
complications related to pregnancy and childbirth.”> Women who survive PPH are at subsequent risk
for severe maternal morbidities including organ dysfunctions and long-term disabilities.”*?” When
PPH occurs, early identification and management of bleeding using evidence-based guidelines can
prevent most PPH-related severe complications and deaths.”® According to guidelines, the use of
uterotonics is key for both the prevention and management of PPH. Specifically, oxytocin is
recommended by the World Health Organization (WHO) as the drug of choice for preventing and
treating PPH.” Oxytocin is included in the WHO Essential Medicines list and in the United Nations

Commission on Life-Saving commodities for Women and Children list.**1%!
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While oxytocin is widely accessible, there are concerns about its quality in LMICs.!00:102.103 A
systematic review of the literature reported a median prevalence of 45.6% (range 0-80%) of
substandard and falsified (SF) oxytocin in LMICs mainly due to inadequate levels of active
pharmaceutical ingredients (API) among tested samples.!”> One study conducted in Ghana reported
that 74% of oxytocin purchased at private pharmacies did not meet manufacturer specifications for
percentage of APL.!* Due to lack of sufficient reporting on medication quality, inconsistencies in
study sampling methods and variability in product testing, the estimates of SF oxytocin prevalence
have limitations and are likely “just a small fraction of the total problem”.’

Research groups have estimated the health and economic impact of selected SF medicines
especially antimalarials and antibiotics. However, the burden of SF oxytocin remains an
understudied problem.3*8” A novel adaptable SF medicines model was developed as a tool to address
this information gap.'® This adaptable model can generate evidence on the health and economic
burden of any SF medicine in any setting.!®> The model was applied to a case study for SF oxytocin
in Kenya to generate estimates for the health and economic burden of SF oxytocin. Because it is
using a simplified adaptable framework, this model captures the essential features of healthcare
seeking behavior and SF medicines prevalence and is flexible enough to incorporate different
payoffs for different medicines. However, the generalizable framework may not fully capture the
complexity and heterogeneity of specific disease progressions and does not capture the varying
disease severity and response to treatment at different stages. On the other hand, a comprehensive
disease model addresses these gaps by capturing all relevant aspects of a disease. By incorporating
information about how the disease progresses and its treatment pathway, a comprehensive disease
model can better simulate the course of the disease and yield a more accurate representation of the

impact of SF medicines on patient outcomes and costs.!%
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In recognition of the need to combat the threat of SF medicines and to improve the quality
of PPH care, we developed a comprehensive disease model to generate country-specific evidence on
the health and economic burden of SF oxytocin used for the prevention and treatment of PPH among
pregnant women from the first stage of labor until discharge or maternal death. This paper describes

the methodology of the model and findings for Kenya.

4.2 MATERIALS AND METHODS

Model Structure

A decision tree model was developed based on previous SF burden models, economic evaluations
of uterotonics in the prevention and treatment of PPH, and a review of clinical practice
guidelines 2195107111 The model estimates the health and economic burden of SF oxytocin from a
healthcare sector and societal perspective over a lifetime horizon using Microsoft Excel software
(Microsoft Corp., Redmond, WA, USA). To estimate the incremental health outcomes and costs of
SF oxytocin, our model compares two mutually exclusive scenarios: a real-world scenario based on
the estimated prevalence of SF oxytocin and an ideal-world scenario where the prevalence of SF
oxytocin is zero. Figure 4.1 shows the schematic representation of the model structure and model

inputs.
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Figure 4.1 Decision tree model to estimate the health and economic burden of SF oxytocin
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A cohort of pregnant women of mean childbearing age, i.e., 28 years old, entering the first stage
of labor at a healthcare facility enters the model and delivers at a private, public or faith-based
healthcare.®® The cohort of women is divided into two groups: vaginal deliveries and cesarean
deliveries. In the model, each group receives a prophylactic dose of oxytocin as recommended by
the WHO for PPH prevention.”

Model Inputs

There are four quality categories of oxytocin based on the percentage of the active pharmaceutical
ingredient (API):

e Standard quality: 90 -110% of the API as defined by the United States Pharmacopeia (USP)
54

e Substandard quality and falsified level 1 (SF1): 75 — 89% of the API required by the USP
standard

e Substandard quality and falsified level 2 (SF2): 50 — 74% of the API required by the USP
standard 2

® Substandard quality and falsified level 3 (SF3): < 50% of the API required by the USP
standard 2

A proportion of providers are expected to increase the dose (up dose) of presumed SF1, SF2 or
SF3 drugs based on a study that found that 41% of the healthcare providers at a healthcare facility
in Nigeria doubled the WHO-recommended dose and 10% used two to six vials instead of one to
achieve the desired outcome when medicines where thought to be of SF quality.>

After the initial prophylactic dose, a woman can either have an adequate response to the
treatment and is discharged or she can experience mild PPH (blood loss <500mL) **!'? and is given

another dose of oxytocin as a first line of PPH treatment following WHO and UK guidelines.5>:113:114
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After a treatment dose of oxytocin, bleeding either stops and the woman is discharged, or the
woman does not respond to the treatment and severe PPH persists, in which case, she typically
receives intrauterine balloon tamponade, exploration of uterine cavity, uterine compression sutures
and a blood transfusion.’®!!5 After treatment for persistent severe PPH, the bleeding stops and the
woman is discharged; or the treatment fails and a hysterectomy is performed.!'> After the
hysterectomy, the two outcomes modeled are either maternal survival with secondary infertility or

maternal death.

Each branch in the pathway is associated with costs and health outcomes, which are
accumulated over the time horizon of the model, i.e., lifetime, and are discounted at 3%.
Incremental cases of mild PPH, severe PPH, hysterectomies and deaths were obtained by multiplying
branch probabilities for each health outcome for the real-world scenario and for the ideal-world
scenario and the difference was calculated.

The decision tree incorporates the following health states:
1- Delivery, with no complications
2- Delivery, with mild PPH
3- Severe PPH without hysterectomy
4- Severe PPH with hysterectomy
5- Maternal death
Each of these health states was associated with a utility and a disability weight. Utility weights
were obtained from a cost-effectiveness study comparing oxytocin and carbetocin where EQ-5D-
SL was used to collect primary data on vaginal and cesarian deliveries with and without PPH that
was then converted to utility scores.!'® Utility weights for hysterectomy and secondary infertility

were obtained from cost-effectiveness studies examining the treatment of heavy menstrual
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bleeding and menorrhagia.'"”!8 Based on the Briones et al. economic evaluation for PPH
prophylaxis, we assumed that delivery with no complications, delivery with mild PPH and severe
PPH without hysterectomy and severe PPH with hysterectomy lasted 6 weeks.!'® After the six
weeks, we assumed that the utility weight retuned to 1, i.e., “perfect health”, for all the
aforementioned health states, except for severe PPH with hysterectomies, where the utility weight
for secondary infertility was assigned for the remaining of the woman’s lifetime.!'®

We estimated YLLs associated with each health state and then QALYs and DALYs were
calculated by multiplying the number of years that the women were expected to be alive (converted
from the six-week cycle length used in the analysis) by utility scores and disability weights,
respectively.

Six categories of model inputs were included: health-seeking behavior, epidemiological
parameters, medicine quality, treatment efficacy, outcome measures and costs. Health-seeking
behavior inputs consist of the percentage of women who have a healthcare facility delivery in the
private, public or faith-based sector. Epidemiological parameters include the annual number of
pregnant women delivering in healthcare facilities, percentage of hospitals and health centers
and/or clinics in the public and private sector, probability of hysterectomy if severe PPH occurs,
probability of PPH-related mortality and probability of dying by age (using life tables). Medicine
quality inputs include the percentage of standard quality medicines and percentage of SF medicines
depending on their levels of API. Treatment efficacy included oxytocin treatment effects,
probabilities of mild and severe PPH with and without oxytocin, and outcomes measures included
health state utilities and disability weights.

We obtained these inputs from peer-reviewed literature, public institutions, recent Kenya

Demographics and Health Surveys data (DHS) and secondary data collection from in-country
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stakeholders in Kenya.3* The secondary data was obtained through Kenyan subject matter experts
in the field of medicine quality and maternal health. The 7% data input for prevalence of SF
medicines specifically was the best available estimate provided by them; however, it is based on a
small sample size for the entire country, which makes the input highly uncertain.

For cost inputs, using healthcare sector and societal perspectives, direct and indirect costs were
considered in the analysis. The direct medical costs included were the costs of medical and surgical
interventions, staff labor during intervention, drug costs, blood transfusions and hospital stay.5*
Medical and surgical interventions were calculated based on the cost of disposable apparel,
disposable consumables, instruments and their sterilization fees, cleaning, laboratory tests, and use
of operating theaters. Staff labor was calculated based on the monthly salary or hours worked by
all personnel required for a procedure per month multiplied by the hours devoted to intervention.
Drug cots included the total price of the full tray of drugs available for the intervention, including
oxytocin, additional uterotonics and concomitant medicines.* Depending on the severity of the
hemorrhage, interventions included were: cervix and high vaginal tear suturing, intrauterine
balloon or condom tamponade, exploration of uterine cavity, uterine compression sutures, uterine
or hypogastric ligation, hysterectomy, manual or surgical correction of uterine inversion, manual
removal of placenta and bimanual compression. Direct medical costs were either derived from the
literature or secondary data collection from a Kenyan technical working group. Indirect costs
consisted of productivity losses incurred by patients due to days missed at work or premature
maternal death. Productivity losses were estimated using the human capital approach based on
gross domestic product (GDP) per capita, duration of lost productivity, and rate of employment.
Productivity losses due to premature death were also estimated using the human capital approach,

life of years lost and employment rate.!'” All monetary units were converted from Kenyan Shillings

57



(KES) to US dollars (USD) using the average annual exchange rate for 2021 (1 USD = 122.935
KES) and were rounded to the nearest thousands.??

Base case inputs were identified as the “most likely” estimates for each data input. For each
parameter, we also identified an uncertainty range to capture potential variation from base case
values. Uncertainty ranges were either formal estimates of variance when available (e.g., 95%
confidence intervals), an evidence-based assumption or a £10% variation from the base case.

All model inputs, low and high range estimates and distributions are shown in Table 4.1.
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Table 4.1 Model inputs: base-case values, uncertainty ranges, distributional forms and sources

Parameters Base-case | Uncertainty range Distrib | Sources
Value (low, high) ution
Population and health-seeking behavior in Kenya
Eligible population: Number of pregnant people at | 1,599,306 | (1,507,450, Normal | ¢
third stage of labor 14 1,723,692)13
Percentage of healthcare facility delivery 75% (67,79)1 Beta %
Percentage of home delivery 25% (21,33)B Beta 56
Percentage of pregnant people who deliver in the | 70% (69, 74)13 Beta 3
public sector
Percentage of pregnant people who deliver in the | 17% (15, 18)1 Beta 3
private sector, i.e., private hospital
Percentage of pregnant people who deliver in | 13% (11, 145 Beta %
“Other” sector, if any
Proportion of Hospitals in Public Sector 40% (36,44)1° Beta 7
Proportion of Public Health Centers in Public | 60% (54,66)° Beta 37
Sector
Percentage of people who have vaginal delivery | 83.6% (81,97.9)1 Beta %
Percentage of people who have cesarian delivery | 16.4% 2.1,19) Beta %
Percentage of healthcare providers who up dose | 51% (459,56.1) 1 Beta 3
oxytocin
Number of doses used to compensate for SF oxytocin during updosing approach
SF medicines with 75-89% API 2 (1,3) Normal | %
SF medicines with 50-74% API 3 (1,5)" Normal | ¥
SF medicines with less than 50% API 6 (1,6)1 Normal |
Medicine Quality (National Average) 17
Prevalence of standard quality medicines 93% (86, 100)' Beta 63
(API190% - 110%)
Prevalence of SF1 medicines (API =275 - <90%) | 7% 0, 14)15 Beta 63
Prevalence of SF2 medicines (API =50- <75%) 0% N/A Beta 63
Prevalence of SF3 medicines (API <50%) 0% N/A Beta 63
Model assumption:
SF medicine efficacy reduction
Efficacy reduction (75-90% API) 30% (15,45)5 Beta 2
Efficacy reduction (50-74% API) 60% (45,75)1 Beta 2
Efficacy reduction (<50%API) 100% N/A Beta 2

Health outcomes

14 Average of total number of pregnancies in 2019, 2020 and 2021 used as the base case input

15 Evidence-based assumption (data from other years or s
16 +10% assumption

ources)

7 Location-specific SF prevalence weren’t available, so we applied a national average as reported by PMS data
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Vaginal delivery: Probability parameters

Probability of mild PPH occurrence / needing | 0.122 (0.089,0.172) '3 Beta 66
additional uterotonics with oxytocin
Probability of mild PPH occurrence/ needing | 0.239 (0.174,0.337)'8 Beta 66
additional uterotonics without oxytocin
Probability of severe PPH occurrence / needing | 0.029 (0.02,0.041)'® Beta 66
transfusion with oxytocin
Probability of severe PPH occurrence /needing | 0.048 (0.033,0.069)"8 Beta 66
transfusion without oxytocin
Probability of hysterectomy if severe PPH 0.016 (0.144,0.0176)'° Beta 120
Probability of maternal death if hysterectomy 0.00292 | (0.0006,0.00378)'® | Beta 121
Cesarian delivery
Probability of mild PPH occurrence with oxytocin | 0.442 (0.247,0.791) 18 Beta 122
Probability of mild PPH occurrence without | 0.7 (0.39,0.8)" Beta 123
treatment
Probability of severe PPH occurrence / needing | 0.374 (0.272,0.524)'3 Beta 122
additional uterotonics with oxytocin
Probability of severe PPH occurrence / needing | 0.598 (0.4352,0.8384)!3 Beta 123
additional uterotonics without oxytocin
Probability of hysterectomy if severe PPH 0.027 (0.0243,0.0297)!¢ | Beta 124
Probability of maternal deaths if severe | 0.054 (0.021,0.13)* Beta 70125
PPH/hysterectomy
Vaginal and Cesarian deliveries
Numbers of days missed at work due to mild | 2.98 (2.94,3.08)" Normal |
PPH
Number of days missed at work due to severe | 3.67 (3.56,3.78)1 Normal |
PPH
Numbers of days missed at work due to| 7.8 (0.4,28)1 Normal | 77
hysterectomy
Quality of life parameters
Utility weight in vaginal delivery, no | 0.85 001Y Beta 16
complication (6 weeks)
Utility weight, mild PPH episode (7 days) 0.59 (0.53,0.93) Beta 126
Utility weight, severe PPH episode (21 days) 0.47 (0.42,0.93) 126
Utility weight in cesarian delivery, no | 0.83 (0.8,0.85) Beta 126
complications (6 weeks)
Utility weight hysterectomy, short term (21 days) | 0.42 0.40.7) Beta 126

18 95% confidence interval
19 Standard error
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Utility weight hysterectomy, long term 0.88 (0.75,0.95) Beta 18
Disability weight in vaginal delivery, no | 0.002 (0.001,0.003)'® Gamma | %
complication
Disability weight for maternal hemorrhage (less | 0.114 (0.078,0.159)'3 Gamma | 77
than 1L blood loss)
Disability weight for maternal hemorrhage | 0.324 (0.220,0.442)'3 Gamma | '77
(Greater than 1L blood loss)
Disability weight hysterectomy 0.274 (0.2466,0.3014)'¢ Gamma | 12
Disability weight in cesarian delivery, no | 0.004 (0.0036,0.044)'® Gamma | %
complication
Disability weight of secondary infertility after | 0.005 (0.002,0.011)'® Gamma | '77
hysterectomy (Proxy weight of infertility due to
puerperal sepsis)

Population characteristics
Mother’s mean childbearing age 28.6 (14, 50)%° Normal | 360
Employment Rate 49.9% (294,61.6) Beta 62

Costs ($)

Cost of oxytocin per treatment ($), national | 0.39 (0.03-1.35)1 Gamma | %7677
average
Cost of oxytocin per treatment ($), public sector | 0.029 (0.0232,0.0348)5 Gamma | 77
Cost of oxytocin per treatment ($), private sector | 1.354 (1.0832,1.6248) 15 Gamma | 77
Cost of oxytocin per treatment ($), faith-based | 0.672 (0.16-1.354)% Gamma | ¢
sector
Cost of additional oxytocin and mild PPH | 77.61 (50-500)*5 Gamma | 3864
management (Public sector)
Cost of additional oxytocin and mild PPH | 400 (320, 480)! Gamma | %
management (Private sector)
Cost of additional oxytocin and mild PPH | 238.8 (77.61, 400)*> Gamma | 3864
management (Faith-based sector)
Cost of Cost of severe PPH management (public) | 1,343 (77.61-1,611)" Gamma | 3864
Cost of Cost of severe PPH management (private) | 2,686 (77.61-3,223)15 Gamma | 3864
Cost of Cost of severe PPH management (faith | 2,014 (77.61-2417) Gamma | 386480
based)
Cost of hysterectomy (public) 662 (640,2,074)% Gamma | *7
Cost of hysterectomy (private) 2,074 (1,659,2,489"5 Gamma | #
Cost of hysterectomy (faith based) 1,368 (1,094, 1,642)5 Gamma | %80
Discount rate 3% (0, 5)*? 38

20 'Wide range that reflects all plausible values
214+ 20%
22 Assumption
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Model Outcomes

The primary outputs of the model are estimates of the health and economic burden based on the
increased morbidity and mortality due to SF oxytocin.

a. Health outcomes
Health outcomes estimated by the model are incremental cases of mild PPH, severe PPH,
hysterectomies, deaths, years of life lost (YLLs), additional DALY incurred and QALY lost due
to the presence of SF oxytocin.
Economic outcomes
Economic outcomes in the model are estimated from a healthcare sector and societal perspective

and included total costs for the real-world scenario with presence of SF oxytocin, total costs for the
ideal-world scenario without SF oxytocin and incremental costs due to the presence of SF oxytocin.
Assumptions

The main assumption in this model is the relationship between the API percentage and medicine
efficacy, based on a burden model developed by Bath et al as reported in the 2017 report by the
WHO.? This assumption states that standard quality medicines have 100% medicine efficacy.
Medicines in the SF level 1 category with API between 75 and 89%, have a 30% efficacy reduction.
Medicines in the SF 2 category with API between 50 and 74%, have a 60% efficacy reduction and
medicines in the SF 3 category with API less than 50%, have 100% efficacy reduction, i.e.,
equivalent to not receiving treatment.
Sensitivity analyses

To quantify the impact of parametric uncertainty on model results, a one-way sensitivity analysis
(OWSA) and a probabilistic sensitivity analysis (PSA) were performed. For each outcome, an

OWSA assessed the influence of uncertainty in individual model parameters on model results. This
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was achieved by varying each fixed parameter around the maximum and minimum of its uncertainty
interval and plotting the model results in a Tornado diagram.

The PSA was conducted to evaluate the range of plausible outcomes given joint uncertainty in all
inputs. We used Monte Carlo simulations with 10,000 iterations, where inputs were randomly and
simultaneously generated within a specific distribution.!”® Epidemiological inputs were assumed to
be normally distributed. Probabilities and percentages were assumed to have a beta distribution for
binomial data inputs or a Dirichlet distribution for multinomial data inputs. Cost inputs were assumed
to have a gamma distribution.

Model Validation

A model validation was performed to evaluate how well the model represents the health and
economic burden of SF oxytocin and whether the results of the analysis can serve as a basis for
decision making.® First, we verified that the model was parsimonious and sufficient to answer the
research question by incorporating the main assumptions about SF medicines and the current care of
disease progression and treatment strategies.'” Because there are no other model that examined SF
oxytocin specifically, this was performed by comparing our model characteristics and structure to
existing models and approaches that estimated the impact of SF medicines and economic evaluations
of different uterotonics for the prophylaxis and treatment of PPH during third stage of labor.

We assessed internal validity and consistency by checking that the mathematical equations,
calculations and code were accurate and consistent with the specifications of the model. We
performed external validation and consistency, whereby we compared the model outputs for the real-
world scenario with current in-country maternal outcomes to ensure that the model adequately

reflects the current situation in Kenya. This was performed by comparing the existing estimates of
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number of PPH episodes, hysterectomies and PPH-related deaths in Kenya as a benchmark for our
model predictions.

Three technical working group meetings were held with key stakeholders from Kenya between
January and December 2021 to gather subject matter experts’ opinion on data inputs for the model
and assumptions. All data inputs and uncertainty ranges were reviewed and discussed by local
experts and policymakers from public health and public policy agencies and universities to reach

consensus on the most locally representative and recent data to be used in the model.

4.3 RESULTS

Deterministic base case results

The health and economic outcomes for the real-world and ideal-world scenario for SF oxytocin
burden are presented in Tables 4.2 and 4.3. For an annual cohort of pregnant women and assuming
a prevalence of 7% SF oxytocin, the model estimates that the presence of SF oxytocin in Kenya is
associated with 1,484 additional cases of mild PPH, 583 additional cases of severe PPH, 15
hysterectomies, 32 deaths, 2,187 DALY incurred, 560 QALY lost, and 594 years of life lost per
year compared to the ideal-world scenario without SF oxytocin.
In addition to the health burden, these health outcomes contributed to a total estimated economic
burden of $1,970,013 USD in Kenya from a societal perspective over a lifetime horizon.
Approximately 37% of the economic burden ($738,049) was due to productivity losses. These
productivity losses included $12,069 due to missed days at work as a result of care seeking and
convalescence, and $725,979 economic losses due to premature death. The remaining 63% of the
economic burden ($1,219,895) was due to direct medical costs from a healthcare sector perspective.
The direct medical costs included drug costs ($11,645), mild PPH management costs ($227,675),

severe PPH management costs ($965,396) and hysterectomy management costs ($15,540).
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Table 4.2 Results describing the health burden of SF oxytocin in Kenya for an annual cohort of pregnant women

YLLs QALYs DALYs Deaths 2> | Mild PPH | Severe PPH | Hysterectomies 2
(discounted) (discounted) | (discounted) 23 23

Presence of | 22,601,637 18,983,693 134,577 1,931 174,703 35,714 950

SF

No SF 22,602,231 18,984 253 132,390 1,900 173,219 35,132 935

Increment (594) (560) 2,187 32 1,484 583 15

Table 4.3 Results describing the economic burden of SF oxytocin in Kenya for an annual cohort of pregnant women

Type of costs Costof  Mild PPH? Severe PPH Hysterectomy Y Premature deaths Total Direc
drugs * 4 (discounted) Medical Cost
Presence of | Direct Medical Costs $ 417,380  $26,794,430 $59,168490 $944,167 N/A $ 87,324,468
SF
Productivity Loss N/A $ 321,596 $ 396,060 $22,391 $ 44,495,750 N/A
Total $417,380  $27,116,027 $59,564,550  $ 966,559 $ 44,495,750 $ 87,324,468
No SF Direct Medical Costs $ 405,736  $ 26,566,755 $58,203,094  $928,987 $ 86, 104,573
Productivity Loss N/A $ 316,349 $ 389,598 $22,032 $ 43,769,771 N/A
Total $405,736  $26,883,105 $58,592,692 $951,019 $43,769,771 $ 86, 104,573
Incremental | Direct Medical Costs $ 11,645 $ 227,675 $ 965,396 $ 15,180 N/A $1,219,895
Productivity Loss N/A $ 5,247 $ 6,462 $ 360 $ 725979 N/A
Total $ 11,645 $ 232922 $ 971,858 $ 15,540 $ 725979 $1,219,895

23 These health outcomes are not discounted due to the events occurring within the 6-week timeframe following delivery
24 These costs are not discounted due to the events occurring within the 6-week timeframe following delivery

25 These costs include discounted premature deaths costs occurring over a lifetime horizon and non-discounted costs occurring within the 6-week timeframe

following delivery

65



Sensitivity Analysis

One-way sensitivity analysis

The impact of a one-way sensitivity analysis on incremental societal costs are presented in a tornado diagram (Figure 4.2). The analysis
found that the most sensitive variables were the assumed proportion of SF 1 in the real-world scenario followed by the probability of mild
PPH occurrence with oxytocin. Other individual tornado diagrams for mild PPH cases, severe PPH cases, hysterectomies, deaths, years of

life lost, DALY incurred, and QALY lost can be found in Appendix A.

Figure 4.2 Tornado Diagram for the total costs due to SF oxytocin using oxytocin-specific model

0 2000000 4000000 6000000 8000000 10000000 12000000 14000000 Parameter

Low Ihput Result
High Input Result Proportion of Substandard and Falsified Medicines 1 in the Real-world Scenario

PPH-related mortality
Treatment Effect of Substandard and Falsified Medicines 1 (API: 75-90%)

Probability of severe PPH occurrence without oxytocin in Cesarian deliveries

Probability of mild PPH occurrence without oxytocin in Cesarian deliveries

In the event of higher prevalence of SF oxytocin with API between 75% and 89% (SF1), significant increases in morbidity and costs
would occur. With 14% prevalence of SF1 medicine, SF oxytocin can be associated with up to an additional 15,094 cases of mild PPH,
3,625 cases of severe PPH, 96 cases of hysterectomies and 196 deaths compared to base case results where we assumed 7% prevalence.
The economic burden can also vary between $0 and $ 13,133,145 USD from a societal perspective.

Probabilistic sensitivity analysis
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Results from the PSA show that, across all simulations, SF oxytocin was found to be associated with a mean societal cost of $1,957,944.
The results of 10,000 runs are plotted in Figure 4.3 for societal costs and show that 65% of the simulations were found to be less than $2M
and 90% less than $4M. SF oxytocin resulted in a mean increase of 1,485 mild PPH cases, 583 severe PPH cases, 15 hysterectomies and
31 deaths. The average probabilistic results are presented in Table 4.4. Scatterplots illustrating the Monte Carlo simulations for health
outcomes are available in Appendix A.

Figure 4.3 Monte Carlo simulations describing the societal costs of SF oxytocin based on the simultaneous variation of model inputs
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4.4  DISCUSSION

This decision tree model estimated the health and economic burden of SF oxytocin in Kenya from
the healthcare sector and societal perspectives. The model follows a cohort of pregnant women of
mean childbearing age in a real-world scenario where SF oxytocin is compared to an ideal-world
scenario without SF oxytocin. In both scenarios, the model incorporates women’s care-seeking
behaviors, their mode of delivery, the progression from first to third stage of labor and its
management, the treatment outcomes, and associated costs.

Our findings indicate that every year, the presence of 7% SF oxytocin with API between 75%
and 89% in Kenya contributes to the burden of PPH, the leading cause of maternal mortality in the
country, with a total of 583 episodes of severe bleeding due to SF oxytocin under base case
assumptions. A recent study using the Kenyan Confidential Enquiry into Maternal Deaths (CEMD),
a database that includes all maternal deaths reported through the District Health Information system
(DHIS2), recently estimated that between 2014 and 2017, 728 deaths of a total of 2,292 maternal
deaths were due to PPH, or an average of 182 PPH-related death, annually.'** Data frames and time
periods are different, so any comparisons should be cautious, but contrasting these findings with our
model estimates of 32 deaths due to PPH per year indicates that SF oxytocin may be contributing
significantly to annual PPH-related maternal mortality in Kenya.'*® That is important as the 7%
prevalence of SF is highly uncertain and may not be representative of exposures across the country.
This input was based on the Kenyan technical group’s expertise and not empirical studies. The
samples collected for medicine quality assessments by the Kenyan Pharmacy and Poison Board are
typically small (n=100s) for the entire country and across many different pharmaceutical categories.

Because our findings are based on the assumed prevalence of 7% SF oxytocin, it is important to

interpret the findings of this study cautiously. Uncertainty was incorporated in the OWSA with a
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low value of 0% and a high value of 14%, and SF oxytocin prevalence was found to have the most
effect on the health and economic burden of SF oxytocin which varies drastically if the prevalence
was significantly higher or lower.

The economic burden of SF oxytocin is also substantial as our model estimates that almost USD
$2 million are expended on direct and indirect costs every year due to SF medications. In our
analysis, the management costs of severe PPH comprise the majority of the economic burden is,
followed by productivity losses due to premature deaths. Despite the common practice of updosing
in Kenya, our model estimated that drug costs constituted only 0.5% of the total cost of PPH
management. These findings align with a study conducted in the United Kingdom that found that
drug costs also only accounted for 0.5% of the total cost of PPH management, suggesting that the
bulk of direct costs is allocated to medical procedures and to staff labor necessary to stop severe
PPH.13!

Our model builds upon previous efforts by Bath et al. as reported in the 2017 report by the WHO
and Ozawa et al. that estimated the health and economic burden of antimalarials and antibiotics.>>?
For example, the efficacy reduction assumption utilized in these models are comparable to the
assumptions we use. However, there are several limitations in our model. Our model uses decision
tree modeling and cannot account for national, regional and patient-specific variations, i.e.,
heterogeneity within the cohort of pregnant women. However, we can change the mean age and the
number of pregnancies of a cohort. Several studies found that hypertension, prolonged labor,
advanced maternal age, multiple pregnancies were among the most common risk factors for
PPH."1-132.133 Because the same population is entering the model in two different scenarios, i.e., real-
world and ideal-world scenario, the distribution of risk factors for PPH among women is similar;

therefore, these factors are not accounted for in the model.
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Lastly, the quality of the data inputs inherently limits the findings of our model. We performed
an extensive literature search to ensure the most recent and highest quality peer-reviewed data were
used. We also held three meetings with subject matter experts from Kenya to validate all data inputs
and their ranges to ensure local relevance and performed a OWSA and a PSA with wide ranges to
address uncertainty.

Our oxytocin-specific model can be used in Kenya and other countries where maternal mortality
is high to provide country-specific estimates of avertable health outcomes and costs due to SF
oxytocin or to evaluate the impact of interventions combatting SF oxytocin. The findings can be
leveraged by policy makers to respond with an evidence-based strategy to combat SF oxytocin at

the country level.

4.5 CONCLUSIONS

The Kenyan government's efforts over the last decade to invest in maternal health led to a 30-
percent decline from 488 deaths per 100,000 live births in 2010 to 342 deaths per 100,000 live births
in 2017 but the maternal mortality ratio still remains high compared to the Sustainable Development
Goal to reduce the global maternal mortality ratio to less than 70 per 100,000 live births, with no
country having a maternal mortality ratio exceeding twice the global average.’>!3*!3> The majority
of maternal deaths are due to PPH and can be prevented if access to high quality care and oxytocics
during and after childbirth is available. Our study demonstrates that SF oxytocin contributes
significantly to the health and economic burden of maternal morbidity and mortality and emphasizes
the importance of reducing the health and economic burden of SF oxytocin through providing access

to better quality medications.
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Chapter 5. SUMMARY CHAPTER

Substandard and falsified (SF) medical products are an important yet understudied global health
issue. SF medicines burden health systems by diverting resources to harmful or ineffective
products, prolonging illnesses and heightening risks of treatment failure that can result in increased
illness and mortality and decreased confidence in the healthcare system. Despite years of global
cooperation and initiatives designed to facilitate greater access to quality medicines, one third of
the global population is still unable to obtain quality-assured medicines in a timely manner.

Several models have been developed to estimate the health and economic impact of poor-
quality medicines, but they have focused on specific medicines, i.e., antimalarials and antibiotics,
in certain settings. To date, only one study attempted to systematically estimate health impacts of
poor-quality medicines, albeit it was limited to malaria. Failing to comprehensively quantify the
burden of poor-quality medicines leads to inaccurate assessment of the scope of the issue and
inadequate attention to address it. To help governments understand their country-specific health
burden and costs for SF medicines, we developed tools to help relevant stakeholders estimate the
health and economic impact of any poor-quality medicine.

We developed a conceptual framework and an adaptable model that allow a reproducible
process to identify high-priority medicines and evaluate data availability and gaps on their quality
and associated health outcomes and costs and generate estimates of the burden of SF medicines
from a healthcare sector and a societal perspective. A review of specific causes of maternal deaths
in Kenya showed that postpartum hemorrhage (PPH) is an issue that needs to be addressed and that
over 80% of maternal deaths are attributed to poor quality of care. For this reason, we applied this
adaptable model to oxytocin, a high-priority medicine for prevention and treatment of PPH in

Kenya. The adaptable model we developed can be utilized to estimate the health and economic
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burden of other medicines used in other settings. This approach of using an adaptable tool
addresses the inefficiency of building distinct models for each medicine and disease area while
providing stakeholders with locally specific and policy-relevant information on the magnitude of
burden resulting from the use of poor-quality medicines.

This adaptable model estimated that for 1.2 million pregnant patients delivering in healthcare
facilities in Kenya yearly, poor quality oxytocin was associated with approximately 2,500
additional cases of postpartum hemorrhages (PPH), 25 hysterectomies, 26 deaths and over 420
years of life lost. That cost $1.2M for society: $300,000 due to early death and lost productivity
and $900,000 in direct medical costs.

Lastly, we developed an oxytocin-specific model that incorporates delivery mode, disease
progression and treatment guidelines and their associated health outcomes to generate more
accurate results and compare its findings to the findings of an adaptable model to help better
interpret the results generated by the adaptable model.

When comparing the health and economic burden of SF oxytocin generated by the two models,
we found that the magnitude of health outcomes and costs was fairly comparable despite the
differences in specific outcomes. The comprehensive disease model found that for a cohort of 1.2
million pregnant patients delivering in healthcare facilities, every year, SF oxytocin was associated
with approximately 2,000 cases of PPH, 15 hysterectomies, 32 deaths and 600 years of life lost.

Additionally, we were able to estimate DALYs and QALYs and found that SF oxytocin was
associated with almost 2,200 DALYSs incurred and 560 QALYs lost over a lifetime horizon. In
addition to the health burden, the oxytocin-specific model estimated that the total economic burden
of almost $2M USD in Kenya from a societal perspective (compared to $1.2M estimated by the

adaptable model).
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The differences in health outcomes and costs between the adaptable model and comprehensive
disease model can be explained by the difference in the methodology used in both models. First,
the oxytocin-specific model stratifies the population by their mode of delivery allowing it to integrate
the probabilities for health outcomes and utilities for vaginal and cesarian deliveries separately. For
example, the oxytocin-specific model reflects that 16% of women underwent cesarian deliveries and
had a higher risk of PPH and hemorrhage-related morbidity, compared to vaginal deliveries.!*!37

The probability of mild PPH is 3.6 times higher and the probability of severe PPH 12 times higher
in cesarian deliveries than vaginal deliveries.'? In the adaptable model, the probabilities of mild and
severe PPH incidence with and without oxytocin used were from data collected for vaginal deliveries
as these represent the majority of pregnancies.®> Second, this oxytocin-specific model incorporates
the natural progression of the disease from first to third stage labor based on clinical practice
guidelines and the WHO guidelines and recommendations for PPH prevention and
management.>!9310-111 This approach ensures that the burden of each health outcome and its
associated costs such as mild and severe PPH is differentiated and cannot be duplicated. This
approach also allowed us to construct QALYs and DALY instead of relying on data from previous
studies that estimated QALYs and DALY with and without treatment that was not available for
oxytocin.

Whether one model is more useful than the other depends on the research question we are trying
to address. Overall, the value of the adaptable model lies in its capacity to be used for any medicine,
which makes it particularly useful in resource-limited settings to provide high-level country-
specific estimates for the health and economic burden of any poor quality of medicines. On the
other hand, the value of using the oxytocin-specific model lies in its ability to generate more

accurate estimates for oxytocin, when compared to current estimates of maternal morbidity and

74



mortality in Kenya If the research question is to estimate the health and economic burden of
oxytocin, the oxytocin-specific model would be preferred. If the research question is to estimate
the health and economic burden of another medicine and a disease-specific model doesn’t yet exist,
the adaptable model would better address it. The findings of my dissertation demonstrate that the
adaptable model can serve as a tool to be leveraged by relevant stakeholders to generate evidence
on the health and economic burden of any medicine in their country. Evidence from an adaptable
model needs to be interpreted cautiously but can help prioritize resource allocation when
developing effective policies and strategies to strengthen regulatory systems to reduce the
prevalence of poor-quality medicines and to achieve maximum population health impact. As the
world seeks to achieve the sustainable development goals by 2030, reducing the prevalence of

poor-quality medicines will be essential to provide access to quality health services for all.

75



BIBLIOGRAPHY

10.

11.

12.

13.

Hogerzeil HV MZ. The world medicines situation 2011: access to essential medicines as
part of the right to health. Geneva World Heal Organ.2011.

World Health Organization. A Study on Public Health and Socio-Economic Impact of
Substandard and Falsified Medical Products.; 2017. http://apps.who.int/bookorders.
Accessed July 11, 2022.

Seventieth World Health Assembly update, 29 May 2017.
https://www.who.int/news/item/29-05-2017-seventieth-world-health-assembly-update-29-
may-2017. Accessed July 11,2022.

Newton PN, Lee SJ, Goodman C, et al. Guidelines for Field Surveys of the Quality of
Medicines: A Proposal. PLOS Med. 2009;6(3):e1000052.
doi:10.1371/JOURNAL.PMED.1000052

Wilson BK, Kaur H, Allan EL, Lozama A, Bell D. A New Handheld Device for the
Detection of Falsified Medicines: Demonstration on Falsified Artemisinin-Based
Therapies from the Field. Am J Trop Med Hyg.2017;96(5):1117-1123.
doi:10.4269/AJTMH.16-0904

Ozawa S, Evans DR, Bessias S, et al. Prevalence and Estimated Economic Burden of
Substandard and Falsified Medicines in Low- and Middle-Income Countries: A
Systematic Review and Meta-analysis. JAMA Netw open. 2018;1(4).
doi:10.1001/JAMANETWORKOPEN.2018.1662

WHO | WHO Global Surveillance and Monitoring System for substandard and falsified
medical products. WHO. 2019.

http://www .who.int/medicines/regulation/ssffc/publications/gsms-report-st/en/. Accessed
December 23, 2020.

Buckley GJ, Gostin LO, Committee on Understanding the Global Public Health
Implications of Substandard F and CMP, Health B on G, Medicine I of. Countering the
Problem of Falsified and Substandard Drugs. Countering Probl Falsified Substandard
Drugs. May 2013:1-351. doi:10.17226/18272

Chaccour C, Kaur H, Del Pozo JL. Falsified antimalarials: a minireview. Expert Rev Anti
Infect Ther.2015;13(4):505-509. doi:10.1586/14787210.2015.1015990

Almuzaini T, Choonara I, Sammons H. A systematic review of counterfeit and
substandard medicines. Arch Dis Child. 2012;97(Suppl 1):A1-A2.
doi:10.1136/ARCHDISCHILD-2012-301885.3

Newton PN, Green MD, Ferndndez FM, Day NP, White NJ. Counterfeit anti-infective
drugs. Lancet Infect Dis. 2006;6(9):602-613. doi:10.1016/S1473-3099(06)70581-3
(stergaard LR. Trust matters: A narrative literature review of the role of trust in health
care systems in sub-Saharan Africa. Glob Public Health.2015;10(9):1046-1059.
doi:10.1080/17441692.2015.1019538

World Health Organization, FOURTH MEETING OF THE MEMBER STATE
MECHANISM ON SUBSTANDARD/SPURIOUS/FALSELY-LABELLED
FALSIFIED/COUNTERFEIT MEDICAL PRODUCTS. A Proposal for a Study on the
Public Health and Socioeconomic Impact of Substandard/Spurious/Falsely
Labelled/Falsified/Counterfeit (SSFFC) Medical Products Economic Impact Study of
Falsified and Substandard Medicines.; 2015. https://apps.who.int/gb/sf/e/a_msm4 .html.
Accessed July 12,2022.

76



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.

26.

217.

28.

Caudron JM, Ford N, Henkens M, Macé C, Kiddle-Monroe R, Pinel J. Substandard
medicines in resource-poor settings: a problem that can no longer be ignored. Trop Med
Int Health. 2008;13(8):1062-1072. doi:10.1111/J.1365-3156.2008.02106.X

U.S Bureau of Labour Statistics. The pharmaceutical industry : an overview of CPI , PPI ,
and IPP methodology. 2021:1-20. http://www bls.gov/ppi/pharmpricescomparison.pdf.
Ravinetto RM, Boelaert M, Jacobs J, Pouget C, Luyckx C. Poor-quality medical products:
time to address substandards, not only counterfeits. Trop Med Int Health.
2012;17(11):1412-1416. doi:10.1111/J.1365-3156.2012.03076.X

WHO essential medicines and health products: annual report 2017: towards access 2030.
https://apps.who.int/iris/handle/10665/272972. Accessed July 12, 2022.

Global Benchmarking Tools. https://www.who.int/tools/global-benchmarking-tools.
Accessed July 11, 2022.

Hafner T, Banda M, Kohler J, et al. Integrating pharmaceutical systems strengthening in
the current global health scenario: three “uncomfortable truths.” J Pharm policy Pract.
2020;13(1). doi:10.1186/540545-020-00242-2

Roth L, Bempong D, Babigumira JB, et al. Expanding global access to essential
medicines: Investment priorities for sustainably strengthening medical product regulatory
systems. Global Health.2018;14(1):1-12. doi:10.1186/S12992-018-0421-2/TABLES/5
Newton PN, Fernandez FM, Green MD, Primo-Carpenter J, White NJ. Counterfeit and
substandard anti-infectives in developing countries. Antimicrob Resist Dev Ctries.
2010;9780387893709:413-443. doi:10.1007/978-0-387-89370-9_24/COVER

WHO | Global Strategy on Human Resources for Health: Workforce 2030. WHO. 2017.
National Academies of Sciences E and M. Stronger Food and Drug Regulatory Systems
Abroad. Stronger Food Drug Regul Syst Abroad. January 2020. doi:10.17226/25651

ICH Guidelines. https://www .ich.org/page/ich-guidelines. Accessed May 19, 2023.
Khadem Broojerdi A, Baran Sillo H, Ostad Ali Dehaghi R, Ward M, Refaat M, Parry J.
The World Health Organization Global Benchmarking Tool an Instrument to Strengthen
Medical Products Regulation and Promote Universal Health Coverage. Front Med.
2020;7:457. doi:10.3389/FMED.2020.00457

Tate JE, Burton AH, Boschi-Pinto C, Steele AD, Duque J, Parashar UD. 2008 estimate of
worldwide rotavirus-associated mortality in children younger than 5 years before the
introduction of universal rotavirus vaccination programmes: a systematic review and
meta-analysis. Lancet Infect Dis. 2012;12(2):136-141. doi:10.1016/S1473-
3099(11)70253-5

Siddique AK, Ahmed S, Igbal A, et al. Epidemiology of Rotavirus and Cholera in
Children Aged Less Than Five Years in Rural Bangladesh. J Health Popul Nutr.
2011;29(1):1. doi:10.3329/JHPN.V2911.7560

Babigumira JB, Stergachis A, Kanyok TK, et al. Risk-Based Resource Allocation for
Pharmaceutical Quality Assurance for Medicines Regulatory Authorities in Low- and
Middle-Income Countries. USP: Rockville, MD. Submitted to USAID. June 2018. -
Google Search. USP Rockville, MD Submitt to USAID. 2018.
https://www.google.com/search?q=Risk-
Based+Resource+Allocation+for+Pharmaceutical+Quality+Assurance+for+Medicines+R
egulatory+Authorities+in+Low-+and+Middle-

Income+Countries +USP%3A+Rockville%2C+MD 4Submitted+to+USAID .+June+2018.
&og=Risk-

77



29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Based+Resource+Allocation+for+Pharmaceutical+Quality+Assurance+for+Medicines+R
egulatory+Authorities+in+Low-+and+Middle-

Income+Countries +USP%3A+Rockville%2C+MD 4Submitted+to+USAID .+June+2018.
&aqgs=chrome..69157)69160.1228j0j7 &sourceid=chrome&ie=UTF-8. Accessed January
15,2021.

Regoniel P. Conceptual Framework: 4 Step-by-Step Procedure That Works.; 2005.
https://simplyeducate.me/2015/01/05/conceptual-framework-guide/. Accessed July 12,
2022.

Conducting a literature review — RWE Navigator. https://rwe-navigator.eu/using-the-
navigator-decision-support-tool/clarify-the-issues/drivers-of-effectiveness/methods-to-
explore-doe/literature-to-explore-or-identify-drivers-of-effectiveness/. Accessed July 11,
2022.

Literature Reviews and Health Technology Assessment Dossiers - Evidinno Outcomes
Research Inc. https://evidinno.com/literature-review/. Accessed July 12, 2022.

Setia M. Methodology series module 5: Sampling strategies. Indian J Dermatol.
2016;61(5):505-509. doi:10.4103/0019-5154.190118

Marshall MN. Sampling for qualitative research. Fam Pract. 1996;13(6):522-525.
doi:10.1093/fampra/13.6.522

Ozawa S, Higgins CR, Nwokike JI, Phanouvong S. Modeling the Health and Economic
Impact of Substandard and Falsified Medicines: A Review of Existing Models and
Approaches. Am J Trop Med Hyg.2022;107(1):14-20. doi:10.4269/AJTMH.21-1133
Kapiriri L, Schuster-Wallace C, Chanda-Kapata P. Evaluating health research priority-
setting in low-income countries: A case study of health research priority-setting in
Zambia. Heal Res Policy Syst. 2018;16(1):1-12. doi:10.1186/S12961-018-0384-
Z/TABLES/2

McCormick BlJ, Waiswa P, Nalwadda C, Sewankambo NK, Knobler SL. SMART
Vaccines 2.0 decision-support platform: a tool to facilitate and promote priority setting for
sustainable vaccination in resource-limited settings. BMJ Glob Heal. 2020;5(11).
doi:10.1136/BMJGH-2020-003587

World Health Organization. Disability-adjusted life years (DALYS).
https://www.who.int/data/gho/indicator-metadata-registry/imr-details/158. Accessed
September 21, 2022.

Neumann PJ, Sanders GD, Russell LB et al. Cost-Effectiveness in Health and Medicine.
New York, NY: Oxford University Press, Oxford Scholarship Online; 2016.

Methods for the Economic Evaluation of Health Care Programmes - Michael F.
Drummond; Mark J. Sculpher; Karl Claxton; Greg L. Stoddart; George W. Torrance -
Oxford University Press. https://global.oup.com/academic/product/methods-for-the-
economic-evaluation-of-health-care-programmes-9780199665884 ?cc=us&lang=en&.
Accessed July 11, 2022.

Garrison LP, Pauly M V., Willke RJ, Neumann PJ. An Overview of Value, Perspective,
and Decision Context-A Health Economics Approach: An ISPOR Special Task Force
Report [2]. Value Health. 2018;21(2):124-130. doi:10.1016/J.JVAL.2017.12.006
Garrison LP, Mansley EC, Abbott TA, Bresnahan BW, Hay JW, Smeeding J. Good
research practices for measuring drug costs in cost-effectiveness analyses: a societal
perspective: the ISPOR Drug Cost Task Force report--Part II. Value Health. 2010;13(1):8-
13.doi:10.1111/J.1524-4733.2009.00660.X

78



42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Out-of-pocket costs - Glossary | HealthCare.gov.

https://www healthcare.gov/glossary/out-of-pocket-costs/. Accessed July 11, 2022.
Viergever RF, Olifson S, Ghaffar A, Terry RF. A checklist for health research priority
setting: Nine common themes of good practice. Heal Res Policy Syst. 2010;8(1):1-9.
doi:10.1186/1478-4505-8-36/FIGURES/1

Bryant J, Sanson-Fisher R, Walsh J, Stewart J. Health research priority setting in selected
high income countries: A narrative review of methods used and recommendations for
future practice. Cost Eff Resour Alloc.2014;12(1):1-11. doi:10.1186/1478-7547-12-
23/TABLES/3

Meltzer DO, Hoomans T, Chung JW, Basu A. Minimal modeling approaches to value of
information analysis for health research. Med Decis Mak.2011;31(6).
doi:10.1177/0272989X11412975

License for Use of Current Procedural Terminology, Fourth Edition (“CPT”) | CMS.
https://www.cms.gov/medicare/physician-fee-schedule/search/license-
agreement?destination=/medicare/physician-fee-schedule/search%3F. Accessed July 12,
2022.

World Health Organization. Substandard and Falsified Medical Products, Updated
January 31, 2018. https://www.who.int/news-room/fact-sheets/detail/substandard-and-
falsified-medical-products. Accessed September 30, 2022.

Petersen A, Held N, Heide L. Surveillance for falsified and substandard medicines in
Africa and Asia by local organizations using the low-cost GPHF Minilab. PLoS One.
2017;12(9):e0184165. doi:10.1371/JOURNAL.PONE.0184165

Renschler JP, Walters KM, Newton PN, Laxminarayan R. Estimated under-five deaths
associated with poor-quality antimalarials in sub-Saharan Africa. Am J Trop Med Hyg.
2015;92(6):119-126. doi:10.4269/AJTMH.14-0725/-/DC7/SD7.PDF

Brock AR, Ross J V., Greenhalgh S, et al. Modelling the impact of antimalarial quality on
the transmission of sulfadoxine-pyrimethamine resistance in Plasmodium falciparum.
Infect Dis Model.2017;2(2):161-187. doi1:10.1016/J.IDM.2017.04.001

Jackson KD, Higgins CR, Laing SK, et al. Impact of substandard and falsified
antimalarials in Zambia: Application of the SAFARI model. BMC Public Health.
2020;20(1):1083. do1:10.1186/s12889-020-08852-w

Ozawa S, Evans DR, Higgins CR, Laing SK, Awor P. Development of an agent-based
model to assess the impact of substandard and falsified anti-malarials: Uganda case study.
Malar J.2019;18(1):5. doi:10.1186/s12936-018-2628-3

Ryder HF, McDonough CM, Tosteson ANA, Lurie JD. Decision Analysis and Cost-
effectiveness Analysis. Semin Spine Surg.2009;21(4):216-222.
doi:10.1053/J.SEMSS.2009.08.003

The United States Pharmacopeia. The National Formulary. United States Pharmacopeial
Convention, Inc. Rockville, MD; 2013.

Ejekam CS, Okafor IP, Anyakora C, et al. Clinical experiences with the use of oxytocin
injection by healthcare providers in a southwestern state of Nigeria: A cross-sectional
study. PLoS One. 2019;14(10):e0208367. doi:10.1371/JOURNAL.PONE.0208367
District Health Information System(DHIS2) — Kenya Ministry of Health.

https://www .health.go ke/district-health-information-systemdhis2/. Accessed September
30, 2022.

Kenya Ministry of Health. Kenya Master Health Facility List:

79



58.
59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

http://kmhfl.health.go ke/#/home. Accessed October 7,2022.

Kenya Technical Working Group, Subject Matter Experts.

Eurostat. Mean age of women at first birth . https://ec.europa.eu/eurostat/statistics-
explained/index.php?title=Glossary:Mean_age_of women_at_first_birth. Accessed
October 7, 2022.

Kenya: mean age of childbearing 2010-2021 | Statista.

https://www .statista.com/statistics/1281232/mean-age-of-childbearing-in-kenya/.
Accessed October 7, 2022.

World Health Organization. Life tables: Life tables by country Kenya.
https://apps.who.int/gho/data/view .sear0.60850?1ang=en. Published 2019. Accessed
October 5, 2022.

Kenya National Bureau of Statistics (KNBS). Labor Force Basic Report .

https://www knbs.or ke/publications/?wpdmc=2020-quarterly-labour-force-reports.
Published 2020. Accessed March 21, 2023.

Post Marketing Surveillance - Kenya. Pharmacy and Poisons Board.
https://m.facebook.com/profile php?1d=110132515672042& v=feed&filter=2. Accessed
October 7, 2022.

Widmer M, Piaggio G, Nguyen TMH, et al. Heat-Stable Carbetocin versus Oxytocin to
Prevent Hemorrhage after Vaginal Birth. N Engl J Med. 2018;379(8):743-752.
doi:10.1056/NEJMOA 1805489

Gallos ID, Williams HM, Price MJ, et al. Uterotonic agents for preventing postpartum
haemorrhage: a network meta-analysis. Cochrane database Syst Rev.?2018;4(4).
doi:10.1002/14651858.CD011689.PUB2

Salati JA, Leathersich SJ, Williams MJ, Cuthbert A, Tolosa JE. Prophylactic oxytocin for
the third stage of labour to prevent postpartum haemorrhage. Cochrane Database Syst
Rev.2019;2019(4). doi:10.1002/14651858.CD001808.PUB3

Lumbiganon P, Laopaiboon M, Giilmezoglu AM, et al. Method of delivery and pregnancy
outcomes in Asia: the WHO global survey on maternal and perinatal health 2007-08.
Lancet (London, England). 2010;375(9713):490-499. doi:10.1016/S0140-6736(09)61870-
5

Calvert C, Thomas SL, Ronsmans C, Wagner KS, Adler AJ, Filippi V. Identifying
regional variation in the prevalence of postpartum haemorrhage: a systematic review and
meta-analysis. PLoS One. 2012;7(7). doi:10.1371/JOURNAL.PONE.0041114
Pichon-Riviere A, Glujovsky D, Garay OU, et al. Oxytocin in Uniject Disposable Auto-
Disable Injection System versus Standard Use for the Prevention of Postpartum
Hemorrhage in Latin America and the Caribbean: A Cost-Effectiveness Analysis. PLoS
One. 2015;10(6):¢0129044. doi:10.1371/JOURNAL.PONE.0129044

Tiruneh B, Fooladi E, McLelland G, Plummer V. Incidence, mortality, and factors
associated with primary postpartum haemorrhage following in-hospital births in northwest
Ethiopia. PLoS One. 2022;17(4):0266345. doi1:10.1371/JOURNAL.PONE.0266345
Ngwenya S. Postpartum hemorrhage: incidence, risk factors, and outcomes in a low-
resource setting. Int J Womens Health. 2016;8:647-650. doi:10.2147/IJWH.S119232
Wingo PA, Huezo CM, Rubin GL, Ory HW, Peterson HB. The mortality risk associated
with hysterectomy. Am J Obstet Gynecol. 1985;152(7 Pt 1):803-808. doi:10.1016/S0002-
9378(85)80067-3

Marshall AL, Durani U, Bartley A, et al. The impact of postpartum hemorrhage on

80



74.

75.

76.

7.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

hospital length of stay and inpatient mortality: a National Inpatient Sample-based analysis.
Am J Obstet Gynecol.2017;217(3):344.e1-344.e6. d0i:10.1016/J.AJOG.2017.05.004

Jing Chen, Hong Cui, Quan Na, Qiuling L1, Caixia Liu. Analysis of emergency obstetric
hysterectomy: the change of indications and the application of intraoperative
interventions. Zhonghua Fu Chan Ke Za Zhi. 2015;50(3):177-182.
https://pubmed.ncbi.nlm.nih.gov/26268406/. Accessed September 30, 2022.

Chawla J, Arora CD, Paul M, Ajmani SN. Emergency Obstetric Hysterectomy: A
Retrospective Study from a Teaching Hospital in North India over Eight Years. Oman
Med J.2015;30(3):181-186. doi:10.5001/0MJ.2015.39

Kibira D, Ooms GI, Van Den Ham HA, et al. Access to oxytocin and misoprostol for
management of postpartum haemorrhage in Kenya, Uganda and Zambia: A cross-
sectional assessment of availability, prices and affordability. BMJ Open. 2021;11(1).
doi:10.1136/BMJOPEN-2020-042948

Oladapo OT. Misoprostol for preventing and treating postpartum hemorrhage in the
community: a closer look at the evidence. Int J Gynaecol Obstet.2012;119(2):105-110.
doi:10.1016/J.1JG0O.2012.08.004

Vodicka EL, Chung MH, Zimmermann MR, et al. Estimating the costs of HIV clinic
integrated versus non-integrated treatment of pre-cancerous cervical lesions and costs of
cervical cancer treatment in Kenya. PLoS One. 2019;14(6):¢0217331.
doi:10.1371/JOURNAL.PONE.0217331

Kenyatta National Hospital - Comprehensive Contract (Public Health Care Provider) for
the Provision of Healthcare Services to Beneficiaries of the National Health Insurance
Fund 2022-2024. https://www .tuko.co .ke/423633-kenyatta-hospital-maternity-charges-
private-wing-contacts-visiting-hours.html. Accessed October 7, 2022.

Theunissen F, Cleps I, Goudar S, et al. Cost of hospital care of women with postpartum
haemorrhage in India, Kenya, Nigeria and Uganda: a financial case for improved
prevention. Reprod Health. 2021;18(1). doi:10.1186/S12978-020-01063-X

GDP per capita (current USS) - Kenya | Data.
https://data.worldbank.org/indicator/NY.GDP.PCAP.CD?locations=KE. Accessed
October 3, 2022.

CEIC Data. Kenya Exchange Rate against USD, 1957 — 2023 | .

https://www .ceicdata.com/en/indicator/kenya/exchange-rate-against-usd. Published
December 2022. Accessed January 30, 2023.

Vemer P, Corro Ramos I, van Voorn GAK, Al MJ, Feenstra TL. AdViSHE: A Validation-
Assessment Tool of Health-Economic Models for Decision Makers and Model Users.
Pharmacoeconomics. 2016;34(4):349-361. doi:10.1007/S40273-015-0327-2

Kenya National Bureau of Statistics (KNBS) and ICF Macro. Kenya Demographic and
Health Survey 2008-09. https://dhsprogram.com/methodology/survey/survey-display-
566.cfm. Accessed October 7, 2022.

WHO | SDG Target 3.1 Maternal mortality.
https://www.who.int/data/gho/data/themes/topics/sdg-target-3-1-maternal-mortality.
Accessed November 10, 2022.

Lyszczarz B. Production losses associated with premature mortality in 28 European Union
countries. J Glob Health.2019;9(2). doi:10.7189/JOGH.09.020418

Ozawa S, Evans DR, Higgins CR, Laing SK, Awor P. Development of an agent-based
model to assess the impact of substandard and falsified anti-malarials: Uganda case study.

81



88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

Malar J.2019;18(1). doi:10.1186/S12936-018-2628-3

Attaran A, Barry D, Basheer S, et al. How to achieve international action on falsified and
substandard medicines. BMJ. 2012;345(7884). doi:10.1136/BMJ.E7381

Bizimana T, Kagisha V, Nyandwi JB, et al. Investigation of the Quality of the 12 Most-
Used Antibiotics Available in Retail Private Pharmacies in Rwanda. Antibiotics.
2022;11(3). doi:10.3390/ANTIBIOTICS11030329/S1

Xie Y. Values and limitations of statistical models. Res Soc Stratif Mobil. 2011;29(3):343-
349. doi:10.1016/j.rssm.2011.04.001

Thabane L, Mbuagbaw L, Zhang S, et al. A tutorial on sensitivity analyses in clinical
trials: the what, why, when and how. BMC Med Res Methodol.2013;13(1).
doi:10.1186/1471-2288-13-92

World Health Organization. Trends in Maternal Mortality 2000 to 2017 : Estimates by
WHO, UNICEF, UNFPA, World Bank Group and the United Nations Population
Division: Executive Summary.; 2019. https://apps.who.int/iris/handle/10665/327596.
Accessed January 15, 2023.

World Health Organization. Maternal mortality. https://www.who.int/news-room/fact-
sheets/detail/maternal-mortality. Published September 19, 2019. Accessed January 15,
2023.

Say L, Chou D, Gemmill A, et al. Global causes of maternal death: A WHO systematic
analysis. Lancet Glob Heal.2014;2(6). doi:10.1016/S2214-109X(14)70227-X

World Health Organization. HRP Project Brief. WHO Postpartum Haemorrhage (PPH)
Summit.; 2022. https://www.who.int/publications/m/item/who-postpartum-haemorrhage-
(pph)-summit. Accessed January 27, 2023.

Khan KS, Wojdyla D, Say L, Giilmezoglu AM, Van Look PF. WHO analysis of causes of
maternal death: a systematic review. Lancet (London, England). 2006;367(9516):1066-
1074. doi:10.1016/S0140-6736(06)68397-9

Say L, Chou D, Gemmill A, et al. Global causes of maternal death: a WHO systematic
analysis. Lancet Glob Heal.2014;2(6). doi:10.1016/S2214-109X(14)70227-X

Bohren MA, Lorencatto F, Coomarasamy A, et al. Formative research to design an
implementation strategy for a postpartum hemorrhage initial response treatment bundle
(E-MOTIVE): study protocol. Reprod Health. 2021;18(1). doi:10.1186/S12978-021-
01162-3

Dept. of Reproductive Health and Research W. WHO recommendations for the prevention
and treatment of postpartum haemorrhage. World Heal Organ. 2012:41.

http://www .who.int/reproductivehealth/publications/maternal_perinatal_health/978924154
8502/en/. Accessed January 15, 2023.

UNFPA. UN Commission on Life-Saving Commodities for Women and Children.; 2012.
https://www .unfpa.org/publications/un-commission-life-saving-commodities-women-and-
children. Accessed January 15, 2023.

World Health Organization. WHO Model Lists of Essential Medicines.; 2021.
https://www.who.int/groups/expert-committee-on-selection-and-use-of-essential-
medicines/essential-medicines-lists. Accessed January 23, 2023.

Ammerdorffer A, Rushwan S, Timms R, et al. Quality of oxytocin and tranexamic acid for
the prevention and treatment of postpartum hemorrhage in Kenya, Nigeria, South Africa,
and Tanzania. Int J Gynaecol Obstet. 2022;158 Suppl 1(S1):46-55.
doi:10.1002/1JGO.14197

82



103.

104.

105.

106.

107.

108.

109.

110.

I11.

112.

113.

114.

115.

116.

117.

Torloni MR, Freitas CG, Kartoglu UH, Giilmezoglu AM, Widmer M. Quality of oxytocin
available in low- and middle-income countries: A systematic review of the literature.
BJOG An Int J Obstet Gynaecol.?2016;123(13):2076-2086. do1:10.1111/1471-0528.13998
Stanton C, Koski A, Cofie P, Mirzabagi E, Grady BL, Brooke S. Uterotonic drug quality:
an assessment of the potency of injectable uterotonic drugs purchased by simulated clients
in three districts in Ghana. BMJ Open. 2012;2(3). doi:10.1136/BMJOPEN-2011-000431
Zaraa S, Carlson JJ, Abwao E, Qureshi Z, Wanga K, Vodicka E, Phanouvong S,
Stergachis A. Estimating the health and economic burden of substandard and falsified
medicines: Oxytocin case study. Submitt to MDM Journal. 2023.

Cook SF, Bies RR. Disease Progression Modeling: Key Concepts and Recent
Developments. Curr Pharmacol reports. 2016;2(5):221. doi:10.1007/S40495-016-0066-X
Caceda SI, Ramos RR, Saborido CM. Pharmacoeconomic study comparing carbetocin
with oxytocin for the prevention of hemorrhage following cesarean delivery in Lima,
Peru. J Comp Eff Res. 2018;7(1):49-55. doi:10.2217/CER-2017-0012

Gil-Rojas Y, Lasalvia P, Herndndez F, Castafieda-Cardona C, Rosselli D. Cost-
effectiveness of Carbetocin versus Oxytocin for Prevention of Postpartum Hemorrhage
Resulting from Uterine Atony in Women at high-risk for bleeding in Colombia. Rev Bras
Ginecol Obstet. 2018;40(5):242-250. doi:10.1055/S-0038-1655747

Henriquez-Trujillo AR, Lucio-Romero RA, Bermudez-Gallegos K. Analysis of the cost-
effectiveness of carbetocin for the prevention of hemorrhage following cesarean delivery
in Ecuador. J Comp Eff Res. 2017;6(6):529-536. doi:10.2217/CER-2017-0004

Higgins L, Mechery J, Tomlinson AJ. Does carbetocin for prevention of postpartum
haemorrhage at caesarean section provide clinical or financial benefit compared with
oxytocin? J Obstet Gynaecol. 2011;31(8):732-739. doi:10.3109/01443615.2011.595982
Luni Y, Borakati A, Matah A, Skeats K, Eedarapalli P. A prospective cohort study
evaluating the cost-effectiveness of carbetocin for prevention of postpartum haemorrhage
in caesarean sections. J Obstet Gynaecol.2017;37(5):601-604.
doi:10.1080/01443615.2017.1284188

Anderson JM, Etches D. Prevention and Management of Postpartum Haemorrhage. B/JOG
An Int J Obstet Gynaecol.2017;124(5):e106-e149. doi:10.1111/1471-0528.14178
Philippine Obstetrical and Gynecological Society (POGS). Clinical Practice Guidelines .
https://pogsinc.org/clinical-practice-guidelines/. Accessed January 15, 2023.

Royal College of Obstetricians and Gynaecologists (RCOG). Prevention and Management
of Postpartum Haemorrhage (Green-top Guideline No. 52) .

https://www .rcog.org.uk/guidance/browse-all-guidance/green-top-guidelines/prevention-
and-management-of-postpartum-haemorrhage-green-top-guideline-no-52/. Published
2016. Accessed January 15, 2023.

Kayem G, Dupont C, Bouvier-Colle MH, Rudigoz RC, Deneux-Tharaux C. Invasive
therapies for primary postpartum haemorrhage: a population-based study in France.
BJOG.2016;123(4):598-605. doi:10.1111/1471-0528.13477

Briones JR, Talungchit P, Thavorncharoensap M, Chaikledkaew U. Economic evaluation
of carbetocin as prophylaxis for postpartum hemorrhage in the Philippines. BMC Health
Serv Res. 2020;20(1). doi:10.1186/S12913-020-05834-X

Roberts TE, Tsourapas A, Middleton LJ, et al. Hysterectomy, endometrial ablation, and
levonorgestrel releasing intrauterine system (Mirena) for treatment of heavy menstrual
bleeding: cost effectiveness analysis. BMJ. 2011;342(7804). doi:10.1136/BMJ.D2202

83



118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

Hurskainen R, Teperi J, Rissanen P, et al. Clinical outcomes and costs with the
levonorgestrel-releasing intrauterine system or hysterectomy for treatment of
menorrhagia: randomized trial 5-year follow-up. JAMA. 2004;291(12):1456-1463.
doi:10.1001/JAMA.291.12.1456

Vos T, Allen C, Arora M, et al. Global, regional, and national incidence, prevalence, and
years lived with disability for 310 diseases and injuries, 1990-2015: a systematic analysis
for the Global Burden of Disease Study 2015. Lancet. 2016;388(10053):1545-1602.
doi:10.1016/S0140-6736(16)31678-6

Pettersen S, Falk RS, Vangen S, Nyflgt LT. Peripartum hysterectomy due to severe
postpartum hemorrhage: A hospital-based study. Acta Obstet Gynecol Scand.
2022;101(7):819-826. doi:10.1111/AOGS.14358

Wingo PA, Huezo CM, Rubin GL, Ory HW, Peterson HB. The mortality risk associated
with hysterectomy. Am J Obstet Gynecol. 1985;152(7 Pt 1):803-808. doi:10.1016/S0002-
9378(85)80067-3

Borruto F, Treisser A, Comparetto C. Utilization of carbetocin for prevention of
postpartum hemorrhage after cesarean section: a randomized clinical trial. Arch Gynecol
Obstet. 2009;280(5):707-712. doi:10.1007/S00404-009-0973-8

Stalberg V, Josefsson A, Bladh M, Lilliecreutz C. The risk of postpartum hemorrhage
when lowering the oxytocin dose in planned cesarean section, a pilot study. Sex Reprod
Healthc.2021;29. doi1:10.1016/J.SRHC.2021.10064 1

Huque S, Roberts I, Fawole B, Chaudhri R, Arulkumaran S, Shakur-Still H. Risk factors
for peripartum hysterectomy among women with postpartum haemorrhage: analysis of
data from the WOMAN trial. BMC Pregnancy Childbirth. 2018;18(1).
doi:10.1186/S12884-018-1829-7

Ngwenya S. Postpartum hemorrhage: incidence, risk factors, and outcomes in a low-
resource setting. Int J Womens Health. 2016;8:647. doi:10.2147/IJWH.S119232

Fawsitt CG, Bourke J, Greene RA, Everard CM, Murphy A, Lutomski JE. At What Price?
A Cost-Effectiveness Analysis Comparing Trial of Labour after Previous Caesarean
versus Elective Repeat Caesarean Delivery. PLoS One. 2013;8(3):e58577.
doi:10.1371/JOURNAL.PONE.0058577

Institute for Health Metrics and Evaluation. Global Burden of Disease Study 2017 (GBD
2017) Data Resources | GHDx. Thee Lancet . 2017:1-7. https://ghdx .healthdata.org/gbd-
2017. Accessed January 15, 2023.

Briggs AH. Handling uncertainty in cost-effectiveness models. Pharmacoeconomics.
2000;17(5):479-500. doi:10.2165/00019053-200017050-00006

Akehurst R, Anderson P, Brazier J, et al. Decision analytic modelling in the economic
evaluation of health technologies. Pharmacoeconomics. 2000;17(5):443-444.
doi:10.2165/00019053-200017050-00003/METRICS

Ameh CA, Meka RJ, West F, Dickinson F, Allott H, Godia P. A synthesis of clinical and
health system bottlenecks to implementing new WHO postpartum hemorrhage
recommendations: Secondary data analysis of the Kenya Confidential Enquiry into
Maternal Deaths 2014-2017. Int J Gynecol Obstet. 2022;158(S1):14-22.
doi:10.1002/1JGO.14270

van der Nelson HA, Draycott T, Siassakos D, Yau CWH, Hatswell AJ. Carbetocin versus
oxytocin for prevention of post-partum haemorrhage at caesarean section in the United
Kingdom: An economic impact analysis. Eur J Obstet Gynecol Reprod Biol.

84



132.

133.

134.

135.

136.

137.

2017;210:286-291. doi:10.1016/J. EJOGRB.2017.01.004

Tsu VD. Postpartum haemorrhage in Zimbabwe: a risk factor analysis. Br J Obstet
Gynaecol. 1993;100(4):327-333. doi:10.1111/J.1471-0528.1993.TB12974.X

Nyflgt LT, Sandven I, Stray-Pedersen B, et al. Risk factors for severe postpartum
hemorrhage: a case-control study. BMC Pregnancy Childbirth.2017;17(1).
doi:10.1186/S12884-016-1217-0

World Health Organization. SDG Target 3.1: Reduce the global maternal mortality ratio to
less than 70 per 100,000 live births.
https://www.who.int/data/gho/data/themes/topics/topic-details/GHO/sdgtarget3-1-reduce-
maternal-mortality. Accessed January 22, 2023.

Owolabi O, Riley T, Juma K, et al. Incidence of maternal near-miss in Kenya in 2018:
findings from a nationally representative cross-sectional study in 54 referral hospitals. Sci
Reports 2020 101.2020;10(1):1-10. doi:10.1038/s41598-020-72144-x

Al-Zirqi I, Vangen S, Forsén L, Stray-Pedersen B. Effects of onset of labor and mode of
delivery on severe postpartum hemorrhage. Am J Obstet Gynecol.2009;201(3):273.e1-
273.e9.doi:10.1016/J.AJOG.2009.06.007

Bateman BT, Berman MF, Riley LE, Leffert LR. The epidemiology of postpartum
hemorrhage in a large, nationwide sample of deliveries. Anesth Analg. 2010;110(5):1368-
1373.doi:10.1213/ANE.OBO13E3181D74898

85



Appendix

Figure 1. A-D Tornado diagrams generated by the adaptable model to assess the impact of parameter uncertainty on model’s results
1.A. Incremental YLLs
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Figure 2.A-G. Tornado diagrams generated by the oxytocin-specific model to assess the impact of parameter uncertainty on model’s
results
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Figure 3. Monte Carlo simulations for the health burden of SF oxytocin generated by the oxytocin-
specific model
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