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ABSTRACT

Background: Healthcare costs for the treatment of mCRPC continue to rise year on year.
However, with the advent of targeted Nuclear medicine and continued treatment with standard
chemotherapy regimen for the treatment of mMCRPC the costs are still not known.

Aim: We sought to compare the costs of treating mMCRPC with standard chemotherapy regimen
versus targeted Nuclear Medicine.

Methods: We conducted a retrospective and prospective inferential study on patients, diagnosed
with mCRPC, aged >18 years at Steve Biko Academic Hospital (SBAH), Pretoria and Inkosi
Albert Luthuli Central Hospital (IALCH) in Durban, South Africa. The patients were referred to
the treatment centres between the periods 1 January 2017 and 24 November 2019. We employed
the International Classification of Diseases, 10" Revision Code system to identify mCRPC patients
and match them with their Medical Record Number using MediTech™ computer Software
program at IALCH, and a thorough patient file audit at SBAH was used to identify patients who
were treated for mCRPC in this hospital during the study period. Treatment, Imaging, Screening,
Out-patient and hospitalisation costs were extracted from the MediTech™ system using the
Activity Based Costing Model and costs were compared to the costs derived from the patient files
for the Nuclear Medicine patients.

Results: A total of 60 patients (n=49, Chemotherapy Cohort, and n=11, Nuclear Medicine Cohort)
with mCRPC, Mean ages at diagnosis 66 and 61 years respectively. The most common
chemotherapy used were Bicalutamide, Goserelin and Docetaxel, compared to one comparator Lu-
PSMA-Radioligand. The total healthcare costs for Chemotherapy were estimated at 500 000USD
(%), whilst the costs for Lu-PSMA-Radioligand averaged 184 000USD ($). Imaging costs for
chemotherapy were 37% higher than Lu-PSMA costs, in- hospital and out-patient costs accounted

for 88% of the total healthcare costs.



Conclusions: For the treatment of metastatic resistant Prostate Cancer, patients treated with
Chemotherapy regimen incur more cost for chemotherapy (43%) and imaging (37%) than patients
treated with targeted nuclear medicine. Chemotherapy treated patients experience more in-patient
and out-patient days compared to patients treated with targeted nuclear medicine. There are
significantly more chemotherapy cycles and drug combinations that contribute to the higher

chemotherapy costs.



CHAPTER 1: Introduction and Literature Review

1.1 Cancer

The World Health Organization (WHQ) defines cancer as a large and diverse group of deadly
disease, which is characterised by the abnormal multiplication and growth of the body’s own cells
(WHO, 2018). Cancer is expected to rank as the leading cause of death and the single most
important barrier to increasing life expectancy in every country of the world in the 21% century
(Bray et al., 2018). This disease constitutes a major public health burden globally. An increasing
trend has been observed over the past 20 years in the new cases and deaths from different cancer
worldwide, especially in low-and middle-income countries (LMICs), owing to varying lifestyles,

behavioural patterns and geographic and environmental factors (Adeloye et al., 2016).

Carcinogenesis is recognised as a multistep process in which a series of genetic alterations occurs
within a cell, and through processes of promotion and progression, leads to malignancy (Rubin &
Williams, 2001). It is also reported that cancer cells do not respond to the normal processes that
regulate cell growth, proliferation, and survival, and they cannot carry out the physiological

functions of their normal differentiated (mature) counterparts (Koda-Kimble et al., 2009).

Cancer can be classified as benign or malignant. Benign cancers are usually localised to the organs
or sites where they occur, and they are generally easier to manage and are less fatal. However,
malignant cancers have the ability to migrate beyond their usual boundaries and can cause death
(WHO “2018”). Malignant cancer cells have been observed to exhibit self-sufficiency in growth
signals. They are also due to insensitivity to apoptotic stimuli such as the apoptotic protease

activity factor-1 (APAF-1), as was reported by Sun & Peng (2009). The apoptotic protease activity



factor-1 usually binds to cysteine aspartate protease enzymes 9 (caspase-9), which activates cell
death. Thereafter, caspase-3 is believed to play a critical role in execution of cell death (Sun &
Peng, 2009). As a result of weakened inhibitory signalling pathways in aberrant cells, proliferation
becomes uncontrollable. Furthermore, a sustained pathological angiogenesis causes cancer growth
by enabling capillary blood supply, with oxygen and nutrients, to the tumour area (Vassilev &
DePamphilis, 2017). This brings about unsustainable tumour growth and metastasis to distant sites
utilising unusual metabolic pathways to generate energy needed by the cells in order to survive

and to thrive (Warburg, 1931).

1.1.1 Cancer Aetiology

The WHO and numerous other researchers reported that there are at least five groups of factors
that are considered as the main causes of cancer; environmental factors (i.e., “modifiable risk
factors”), genetic predispositions (WHO, Fact Sheet No: 297, 2015), some medical therapies (e.g.
cytotoxic chemotherapy, immunosuppressive therapy or radiation therapy, (Koda—Kimble et al.,
2009), chronic inflammation and “cancer stem cells” (CSC). The latter was espoused recently by
Tomasetti & Vogelstein (2015). Recently, Vassilev and colleagues (2017) reported that some
tissues give rise to human cancers millions of times more often than other tissue types either
through random mutations (intrinsic factors) or due to exposure to viruses, chemical carcinogens

and radiation (extrinsic factors), during a person’s lifetime (Vassilev et al., 2017).

1.1.1.1 Environmental Factors
Youlden and colleagues (2008) have cited environmental factors such as smoke, asbestos, air

pollution, coal heating, combustible material, tobacco use, alcohol use, infection (bacterial and



viral) ionisation irradiation and outdoor particulate matter to be associated with a variety of cancers

which include lung and liver cancers (Youlden et al., 2008).

Key (1994), described cigarette smoking as a major cause of lung cancer. Dietary factors such as
high intake of meat or animal fat have been associated with colorectal and prostate cancers. Other
than diet, sedentary lifestyles have also been linked to many cancers including the prostate and
liver cancers. Torre and colleagues (2016), listed occupational exposure such as asbestos and air
pollution amongst the causes of lung cancer. Importantly, smoking has been widely accepted as

one of the main causes of lung cancer and colorectal cancer.

Predisposition to bacteria and viruses such as Helicobacter pylori and human papillomavirus
(HPV) cause stomach and ovarian cancer, respectively. Viruses such as Hepatitis B and C

predispose individuals to liver cancer (Torre et al., 2016).

1.1.1.2 Genetic Predisposition

Over recent decades, a number of genes that cause predisposition to cancer have been identified
(Turnbull & Hodgson, 2005). These authors further have also reported that in the majority of
families, the increased incidence of cancers is due to multifactorial aetiology with a number of

lower penetrance cancer predisposition genes interacting with environmental factors.

Genetic mutations due to dietary habits and certain medications (e.g. hormone replacement
therapy) have been found to be associated with a variety of cancer (Youlden et al., 2008). In a
study conducted by Torre et al. (2015), genetic makeup, being overweight/obesity, growth,

ethnicity, and ageing population and changing reproductive patterns associated with urbanisation



and economic development were reported to be associated with certain cancers such as breast and

ovarian and prostate cancers.

Ethnicity, such as being black or African American, has been associated with predisposition to
prostate cancer (Key, 1994). Turnbull & Hodgson, (2005) have also reported that alterations in
germ line cancer predisposition genes, namely; tumour suppressor genes (TSG) and oncogenes

(OG), have been found to be associated with inherited cancer predisposition.

It was reported by Koda-Kimble and colleagues (2009) that damage to cellular DNA can result in
mutations that lead to the development of oncogenes and loss or inactivation of tumour suppressor
genes. These authors further stated that oncogenes arise from normal genes called proto —
oncogenes through genetic alterations such as chromosomal translocations, deletions, insertions
and point mutations. It is their over activity or presence in certain forms that may lead to the

development of cancer (Koda-Kimble et al., 2009).

Rubin and Williams (2001) also reported that intrinsic cellular oncogenes, growth suppressor
genes and the dysregulation of steps that control cell cycle, cell proliferation, and differentiation
through gene expression play interactive roles that transform normal cells into a premalignant state

and ultimately into malignancy.

The tumour suppressor genes have been defined by Koda—Kimble et al.,(2009) as normal genes
that encode for proteins that suppress inappropriate cell division or growth. It is reported by these
authors that gene losses or mutations of these genes can cause these proteins to become inactivated,

eliminating the normal inhibition of cell division. It is therefore believed that multiple genetic



mutations, including activation of oncogenes and loss or inactivation of tumour suppressor genes

within a cell, are necessary for malignant transformation (Koda-Kimble et al., 2009).

Injury to cells and microbial infection initiate a cascade of inflammatory processes. However,
inadequate anti-inflammatory response or repeated infections may predispose human cells to
chronic inflammation (Medzhitov, 2010). The events that lead to chronic inflammation are

discussed below.

1.1.1.3 Chronic Inflammation

It is estimated that the underlying infections and inflammatory responses cause 15-20% of all
deaths from cancer worldwide (Mantovani et al., 2008). Therefore, numerous studies have been
conducted dating back to the 19" century to elucidate the link between cancer and chronic
inflammation. Observations of infections with a number of microorganisms such as Helicobacter.
pylori, Epstein Bar virus (EBV) and Schistosoma species, to name a few, have been associated
with various cancer types and there is a strong suggestion that chronic inflammation is involved in
tumour initiation, promotion and progression (Lin & Karin, 2007). Immune deregulation and

autoimmunity have also been found to precede tumour development (Grivennikov et al., 2010).

Medzhitov (2010) describes the inflammatory process as a pathway that consists of inducers,
sensors, mediators and target tissues. An infection or injury to the cell initiates the inflammatory
response, and this induction is detected by the sensors such as Toll-like receptors (TLRs) expressed
on tissue, resident macrophages, dendritic cells and mast cells (Medzhitov, 2010). The receptors
recognise pathogen-associated molecular patterns (PAMP), such as cell wall components and
nucleic acids (Lin & Karin, 2007). Microbial detection is achieved through germ line-encoded

pattern-recognition receptors (PRRsS). These receptors survey both the intracellular and



extracellular space for microbial determinants that serve as indicators of infection and induce the
innate immune responses to protect from infectious threats (Medzhitov 2010). Lin and colleague
further stated that PPRs include TLRs, nucleotide-binding oligomerization domain like (NOD-
like) receptors, C-type lectin receptors (CLRs) and triggering receptors expressed on myeloid cells
(TREMSs) (Lin & Karin, 2007). The interaction between PAMPs and PPRs results in the activation
of inflammatory cells and initiation of host responses whose major purpose is to eliminate and kill
invading organisms. However, inadequate pathogen eradication, prolonged inflammatory
signalling, and defects in anti-inflammatory mechanisms can all lead to chronic inflammation and

benefit tumour development (Lin & Karin, 2010).

In the main, the production of mediators such as cytokines, chemokines (CCL2 & CXCLS),
bioactive amines, eicosanoids and products of proteolytic cascades such as bradykinin, as well as
prostaglandins have been associated with cancer. Notably, Interleukin-1 (IL-1), Interleukin-6 (IL-
6), and Interleukin-17 (IL-17) are potent inflammatory cytokines that have been linked with
tumourigenesis (Medzhitov, 2010). In particular, IL-6 promotes inflammation, tissue damage,
compensatory cell proliferation and ultimately formation of tumour (Grivennikov et al., 2010). It
has also been observed that the downstream mediators us as STAT3 and NF-«B, activate genes
that control cell survival, proliferation, angiogenesis and invasion. More importantly, Calcinotto
and colleagues (2018) have recently demonstrated that Interleukin-23 (IL-23) is the inflammatory
cytokine that play a major role in the development of resistant prostate cancer (Calcinotto et al.,

2018).

1.1.1.4 Cancer Stem Cell
In a study by Tomasetti and VVogelstein (2015), it was reported that many genomic changes occur

simply by chance during normal deoxyribonucleic acid (DNA) replication, rather than as a result



of carcinogenic factors. This is because most cells in tissues are partially or fully differentiated
cells and are typically short-lived, and unlikely to initiate a tumour. Therefore, cancer results from
genetic mutations that are either inherited or acquired through DNA replication errors and
environmental insults (Vassilev et al., 2017). However, it can also be as a result of stem cells that

retain their ability to proliferate repeatedly (Vassilev et al., 2017).

The stem cells are the only cells that can self-renew and are responsible for the development and
maintenance of the tissue’s architecture. Therefore, they have the capacity to initiate the tumour
(Tomasetti & Vogelstein, 2015). It was also stated by Tomasetti & Vogelstein (2015) that three
mutations occur every time a normal human cell divides, as a result an inference was made to
conclude that the root causes of the correlation between stem cell division and cancer incidences

were the driver gene mutations that randomly result from these cell divisions.

1.1.2 Epidemiology and Global Burden of Cancer

Globocan (2018), data indicate that cancer incidences and mortality are rapidly growing
worldwide, and the reasons are complex, with aging, growth population as well as changes in the
prevalence and distribution of the main risk factors for cancer, several of which are associated with
socio-economic development, being at the centre of this epidemic (Bray et al., 2018). In 2012
alone, there were 14.1 million new cases and 8.2 million deaths from cancer globally, and this
burden is expected to rise with over 75 million prevalent cases, 27 million incident cases, and 17
million cancer deaths expected globally by 2030 (Adeloye et al., 2016). Recently, Fitzmaurice
(2018) reported that 7.2 million cancer cases were reported in 2016 worldwide and 8.9 million
deaths. Most new cases of cancer are now found in Africa and LMICs, increasing from 15% in

1970, to 56% in 2008, and projected to reach about 70% by 2030 (Adeloye et al., 2016).



Cancer constitutes an enormous burden on society across the world. Recent studies have reported
that the prevalence of cancer is increasing mainly because of the growth and rapid aging of the
global populations (Torre et al., 2015; Martins, 2016). Smoking, obesity, physical inactivity, and
changing reproductive patterns, urbanisation and economic development have also been associated

with high incidences of cancer in the western developed world (Torre et al., 2015).

1121 Cancer Incidences Globally

Globally, cancer is the second leading cause of death and accounted for 8.8 million deaths in 2015
(WHO, 2017). Lung, prostate, colorectal, stomach and liver cancers are the most common types
of cancer in men, while breast, colorectal, lung, cervix and stomach cancers are the most common
among women (WHO, 2017). Over the years, the burden has shifted towards the less developed
countries, which currently account for about 57% of cases and 65% of cancer deaths worldwide
(Torre etal., 2015). It is reported that lung cancer is the leading cause of cancer death among males
in both more and less developed countries, and has surpassed breast cancer as the leading cause of

cancer death among females in more developed countries (Torre et al., 2015).

1212 Cancer Incidences in sub-Saharan Africa

Lorenzino and colleagues (2018), recently reported that there were 626 399 new cancer cases in
sub-Saharan Africa in 2012 (Lorenzino et al., 2018). This represents 4.4% of the 14.1 million new
cancer cases globally. This is almost the same number (i.e., 667 000) of cancer cases that was
estimated to have occurred in 2008 for the whole of Africa. Meaning, the sub-Saharan region

accounts for the bulk of cases and deaths due to cancer in Africa.

10



1.2.1.3 Cancer Incidences in South Africa

South Africa, in particular, has been ranked 50" on the World Cancer Research Fund’s list of
countries with the highest cancer prevalence rates (CANSA, 2018). Furthermore, the South
African Medical Research Council reported that in 2012 cancer was the fifth leading cause of death
in South Africa, causing 8.7% of all reported deaths (CANSA, 2018). However, prevalence
patterns of cancer in South Africa are similar to global trends although local data is insufficient
due to under-reporting (Singh et al., 2015). For example, prostate cancer is also the leading organ-
specific cancer diagnosed amongst South African men followed by lung, oesophagus,
colon/rectum and bladder cancer. Amongst South African women too, breast cancer is the most
prevalent cancer, followed by cervical, uterus, colorectal and oesophageal cancers (CANSA,

2018).

In South Africa, 6807 cases of prostate cancer, 1839 of colorectal and 1743 of lung cancer were
reported in 2012 in South African men, accounting for 18.45%, 4.98% and 4.72% respectively.
8203 cases of breast cancer, 5785 cervical cancer cases and 1558 colorectal cases were reported
in South African women, accounting for 21.79%, 15.37% and 4.14% of cancer cases respectively

(CANSA, 2018).

1.2 Prostate Cancer (PCa)

Underwood & Cross (2009) defined prostate cancer as an adenocarcinoma that occurs in men
usually above 50 years of age. It is reported by the authors that the tumour is rare below the age of
50 years of age, with the peak incidence between the ages of 65 — 75 years (Underwood & Cross,
2009). The prostate is a gland in the male reproductive system, located below the man’s bladder

and is responsible for the secretion of the seminal fluid (Shalini et al., 2011). This fluid acts as a
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nutrient rich transport medium for sperm, produced by the testes. The hormone testosterone
influences the prostate. The prostate is about the size of a walnut, estimated to weigh 20g to 259
as reported by De Vita et al., 2015). The authors further state that the seminal fluid is rich in
Prostate Specific Antigen (PSA). It is reported by the same, that the prostate is located deep in the
pelvis between the bladder and the external urinary sphincter, anterior to the rectum below the
pubis. It is because of this location, which is a critical anatomic juncture, that it is believed that
cancers of the prostate and the treatment thereof, place urinary, sexual and bowel function at risk

(De Vita, et al., 2015)

Rubin & Williams (2001) reported that the normal anatomy of the prostate is considered to be
made up of anatomic zones, namely, the peripheral zone (makes up 70% of the glandular tissues
of the prostate gland), the central zone (surrounds the ejaculatory ducts), and the transition zone
(surrounds the urethra). In addition to these zones, there is a non-glandular anterior fibromuscular

stroma (Rubin & Williams, 2001; De Vita, et al., 2015).

The peripheral zone has been reported to be the region most prone to the development of
carcinomas, whilst very few cancers originate from the central zone and only 15% of cancers

originate in the transition zone (De Vita, et al., 2015).

In patients with cancer, the prostate gland enlarges and squeezes the urethra, and may slow or stop
normal urine flow. Prostate cancer is a hormone-dependent and epithelial-derived tumour, which
result from uncontrolled growth of genetically unstable transformed cells (Shalini et al., 2011).
High androgen receptor (AR) level in primary tumour predicts increased prostate cancer-specific

mortality. However, the mechanisms that regulate AR function in prostate cancer are poorly known
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(Shalini et al., 2011). It has been reported that infection with sexually transmitted infections

chlamydia, gonorrhoea, or syphilis increases the risk of PCa (Mustafa, et al., 2016).

1.2.1 Epidemiology of Prostate Cancer

In a recent study conducted by Dong and colleagues, it was reported that approximately 160 000
new diagnosis of PCa and over 29 000 deaths were estimated to occur in the United States in 2018.
The authors also reported that in 2012, 400 000 European men were newly diagnosed with PCa
out of a global 1.1 million new cases. (Dong, et al., 2018). Wen et al. (2019) also reported that of
men diagnosed with PCa, 6 in 10 are men aged 65 years or over. It was also stated by Wen and
colleagues that the median age at the time of PC diagnosis is 66 years, with the rates of death

highest among men aged 75 -84 years.

The incidences of PCa vary across the globe (Le Roux et al., 2015). Prostate cancer is the second
most common cancer an