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Abstract

Background: Dose-escalated external beam radiation therapy (EBRT) provides better tumor
control for prostate cancer patients, however even with modern radiation delivery techniques,
there is a risk for patients to develop gastrointestinal and genitourinary toxicities and erectile
dysfunction (ED). Hydrogel rectal spacer SpaceOAR® is a medical device that might prevent
developing adverse effects that occurred as a result of radiation therapy of prostate.

Research objective: The main objective of this thesis was to determine the cost-effectiveness
of treating prostate cancer patients with SpaceOAR® in conjunction with the EBRT compared
to the EBRT alone based on the potential of SpaceOAR® to reduce radiation-induced
gastrointestinal and genitourinary toxicities.

Methods: A decision tree and a state-transition Markov model were constructed to compare
the costs and health effects from the provider’s perspective of SpaccOAR® in adjunct to
standard care and standard care alone with a lifetime horizon. The subgroup analysis was
conducted for three different proportions of patients suffering from ED (with ED prevalence
of 62%, 100% and 0%) before the radiotherapy. Transition probabilities and relative risks were
collected from the randomized clinical trial on SpaceOAR®. Costs and health utilities were
obtained from the literature. A willingness to pay (WTP) threshold was estimated using
absolute shortfall approach. To decrease the decision uncertainty value of information analysis
assessed the expected value of additional evidence. The budget impact analysis was performed
to estimate the financial consequences of implementing the device in healthcare practice.
Results: Given the lifetime horizon the incremental costs for SpaceOAR® were 13 813 NOK
and the incremental effectiveness was 0,01 QALYSs. This resulted in an incremental cost-
effectiveness ratio of 1 382 413 NOK per QALY gained. If all patients had good erectile
function prior to the EBRT, the incremental cost-effectiveness ratio was 238 990 NOK per
QALY gained.

Conclusions: The results of this analysis suggests that the application of SpaceOAR® is not
cost-effective considering its potential to reduce radiation-induced toxicities. Investigation of
structural uncertainty performed by subgroup analysis concluded that HRS can be cost-
effective if offered to the patients with good erectile function prior to radiation therapy.
However, prioritizing a particular patient group with regards to health state may raise ethical

considerations.
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1 Introduction

Prostate cancer is one of the most frequent types of cancer in Norway and it is a leading
cause of deaths due to cancer for men in Norway. Annual report on prostate cancer in Norway
estimated 5253 patients diagnosed with prostate cancer, 934 prostate cancer-related deaths and
47 270 patients living with the disease in 2016 (Kreftregisteret, 2018). Due to improved treatment
options available to the public, prostate cancer mortality rates are slightly declining.
Traditionally, treatment options for prostate cancer are chemotherapy, hormonal therapy,
radiotherapy, prostatectomy, and active surveillance.

To eliminate cancer cells, radiation therapy uses gamma rays, x-rays and other types of
radiation sources. Radiation therapy (RT) can be delivered internally, mainly known as
brachytherapy and externally, also referred to as external beam radiation. Under brachytherapy
source of radiation is placed directly in or near the tumor. External beam radiation therapy
(EBMRT) is mainly used in modern radiation therapy and is delivered from an external beam
machine to the area of interest. Technical advances introduced in recent years, such as intensity-
modulated radiotherapy techniques and image-guided radiotherapy, increased the precision in
delivery of radiation therapy and lowered the exposure of adjacent tissues to radiation (reduced
planning target volumes).

Dose-escalation is required for optimal tumor control. However, even when modern
techniques are applied, a part of the anterior rectal wall is exposed while delivering elevated
doses of radiation to the prostate. The anterior rectal wall is included in planning target volumes
due to the spatial proximity of the anterior rectal wall and prostate (Pinkawa, 2015). Thus,
delivering a high dose of radiation may result in a rise of gastrointestinal and genitourinary
toxicities, both short-term (acute) and long-term (late) ( Kuban et al., 2003). Therefore, the
rectum is considered as a dose-limiting organ at risk and there is a need for sparing the anterior
rectal wall in order to deliver escalated doses of radiotherapy (Wolf et al., 2015).

The application of spacers between rectum and prostate can be used to decrease the part
of rectal wall exposed to radiation and improve the therapeutic effect of high-dose radiotherapy
(Mok, Benz, Vallee, Miralbell, & Zilli, 2014). A number of studies evaluated the usage of an
inflatable biodegradable balloon, human collagen, rectal rod, hyaluronic acid and polyethylene
glycol hydrogel in separating prostate and rectum and, as a result, possible reducing morbidity

related to the treatment (Lawrie et al., 2018).



In 2015 U.S. Food and Drug Administration approved the usage of commercially
developed polyethylene glycol hydrogel rectal spacer (HRS) SpaceOAR® (Augmenix, Waltham,
MA) to increase prostate-rectum space prior to the radiotherapy of the prostate. Hydrogel
SpaceOAR® was approved in Canada, Japan, and Australia. In Europe, hydrogel met the
requirements of the European Economic Area on health, safety and environmental protection and
received CE certification mark (Schérghofer et al., 2019).

The results of recent studies with 3 years of follow-up on comparing the hydrogel rectal
spacer application prior to radiation therapy to no hydrogel rectal spacer for the patients having
localized prostate cancer has demonstrated favourable clinical outcomes in terms of preventing
rectal and genitourinary toxicity and preserving erectile function after radiation therapy (Hamstra
etal., 2017, 2018; Mariados et al., 2015).

Several studies in North America and Europe were assessing the cost-effectiveness of
HRS (Forero, Almeida, & Dendukuri, 2018; Hutchinson, Sundaram, Folkert, & Lotan, 2016;
Levy et al., 2019; Vanneste et al., 2015). No cost-effectiveness analysis that would take into
consideration stratification patients on the risk groups, lifetime horizon and perform value of
information analysis was identified.

The main objective of this thesis was to perform cost-utility analysis (CUA) of hydrogel
SpaceOAR® (Augmenix, Waltham, MA) for patients with prostate cancer undergoing radiation
therapy in the Norwegian setting. Following the objective, the major research question is
whether HRS SpaceOAR® is cost-effective in preventing gastrointestinal and genitourinary
toxicities after dose-escalated external beam radiotherapy of the prostate based on the data at
hand. The secondary objective was to capture structural uncertainty by performing subgroup
analysis considering that a part of patients has good erectile function at the baseline based on
the study by Hamstra et al. (Hamstra et al., 2018) with prevalence of erectile dysfunction of
62% and as well consider possibility of prevalence of ED being 0% or 100% .

The following paper is organized into Background, Theoretical framework, Methods,
Input parameters and materials, Results, Discussion, and Conclusion sections. Section 2
explains background information on prostate cancer and adverse events which follows dose-
escalated external beam radiation therapy of prostate, risk factors, etymology, and available
treatment alternatives. Moreover, it also presents a brief overview of the National
reimbursement scheme and priority setting in Norway. Section 3 presents a theory of economic
evaluation in the healthcare sector and provides terminology definitions applied in this field.
Section 4 provides an overview of the methodology utilized for the cost-utility analysis and
study design, including model structure, target population, perspective and time horizon.

2



Section 5 gives a detailed description of the model input parameters. Section 6 presents the
results of the analysis in terms of costs, effects, ICER, value of information analysis and budget

impact analysis. In section 7, the findings of the study are interpreted and discussed together
with study limitations. Section 8 concludes this paper.



2 Background

2.1 Prostate cancer

Prostate cancer is cancer that occurs in the prostate, a small walnut-shaped gland in the
male reproductive system located between penis and urinal bladder. Prostate secrets a fluid,
which contributes to nourishment and transport of semen. Prostate cancer mainly occurs later
in life, after the age of 50, and its prevalence in men’s population increases with aging
(Kreftregisteret, 2018). Prostate cancer is mostly slow-growing and the exact causes of it are
not known. Risk factors include age, ethnicity, genetic background, family history and possibly
dietary habits (Perez-Cornago et al., 2017). Several factors are considered to identify treatment
options appropriate for a particular patient. Among them are stage and type of cancer, side
effects, patient preferences, and health condition. After prostate cancer was diagnosed, patients
are stratified accordingly to the risk group.

Division on risk groups in this paper is based on EAU guidelines on prostate cancer
(Mottet et al., 2017) and represented in Table 1. At clinical tumor stages T1a-c the tumor is not
apparent on the imaging tests or digital rectal examination. At stages T2a-c tumor is localized
only in the prostate and can be palpated under digital rectal examination. At stages T3a-b tumor
grown outside the prostate into the adjacent tissues on the one side. At stages T4a-b cancer

developed to the other areas (bones, bladder, rectum, lymph nodes, etc.).

Table 1. Risk stratification based on EAU guidelines on prostate cancer.

Criteria Risk groups
Low risk Intermediate risk High risk

PSA (Prostate specific antigen) < 10 ng/ml 10-20 ng/ml > 20 ng/ml  Regardless PSA
And Or Or

Gleason score 6 7 >7 Regardless PSA
And Or Or

clinical Tumor stage (cT) cT1-2a cT2b cT2c cT3-4 or cN1
Localized | Locally advanced

High level of a protein called prostate-specific antigen (PSA) in the blood may indicate
both benign and malignant tumors, as well as prostatitis; therefore, the PSA test is applied for
early diagnostic of prostate cancer. To predict patient outcomes and aggressiveness of cancer
used Gleason grading system, which lower grades represent well-differentiated cells of

histological examination, therefore the cancer is more likely to be less aggressive. Higher



grades indicate a low level of differentiation and are thought to give worth prognosis (Sehn et
al., 2018).

As well tumor progression can be classified by TNM (where T — tumor, N — nodes, M
— metastasis) staging system. T (T1-4) indicates the development of the primary tumor. N (NX,
NO-3) represents the presence of cancer in lymph nodes. M (MO0-1) indicates the presence or

absence of distant metastasis (O’Sullivan et al., 2017).

2.1.1 Treatment options for prostate cancer

Curative treatment of prostate cancer includes surgical removing of the prostate
(prostatectomy) and dose-escalated external beam radiation therapy that can be often combined
with hormone therapy. Choosing the treatment option depends mainly on the age of the patients
and cancer stage. Older patients with high-risk cancer are frequently treated with radiation
therapy (median age is 69 years, mean PSA-value is 10.1 ng/ml), whereas younger patients are
treated with low-risk with prostatectomy (median age is 63 years, mean PSA-value is 14.8
ng/ml) (Kreftregisteret, 2018). To decrease potential overtreatment and side-effects associated
with the curative treatment of prostate cancer active surveillance is commonly offered to men
with low-risk cancer.

Palliative treatment is not aimed to cure cancer and is mostly seeks to improve and
prolong life by treating the symptoms associated with discomfort, pain, and stress.

Being the standard treatment option as a curative treatment for men with intermediate,
high localized and high locally advanced prostate cancer in Norway, dose-escalated EBMRT is
associated with improvement in overall survival (Mok et al., 2014), local and biochemical control
(Mottet et al., 2017).

2.1.2 Adverse effects of radiation therapy

Prostate cancer patients may suffer from gastrointestinal toxicity, genitourinary toxicity,
and erectile dysfunction, as organs at risk are rectum, urinary bladder, and vessels participating
in penile erection. Side effects caused by inadvertent irradiation of adjacent organs can be
divided into acute (from receiving radiation therapy up to 3 months) and long-term or late (more
than 3 months after radiation therapy) side effects. Adverse effects to bladder and rectum can

be graded using Common Terminology Criteria for Adverse Events (CTCAE), or the modified



Radiation Therapy Oncology Group (RTOG) criteria (Table 2) (Cox et al., 1995). Some authors

point out the issues of CTC grading system with regard to rectal injuries, as it is unable to

concord with a level of rectal injuries at all the time points (Capp et al., 2009).

Table 2. RTOG acute and RTOG/EORTC late radiation morbidity scoring for the lower Gl tract and urinal bladder.

Toxicity grade

Type Grade0 Grade 1 Grade 2 Grade 3 Grade 4 Grade 5
Gastrointestinal toxicity
Diarrhea requiring Acute or subacute
Increased frequency, parasympatholytic Diarrhea requiring obstruction, fistula or
hange in bowel habits, or [drugs, mucous discharge | parenteral support, severe | perforation, Gl bleeding
rectal discomfort not not necessitating bloody or mucous requiring transfusion, Death
requiring sanitary pads, abdominal| discharge necessitating pbdominal pain or tenesmus | directly related
No medications or or rectal pain requiring | sanitary pads, abdominal requiring tube to radiation
Acute | changes analgesics analgesics distention decompression or diversion effects
Mild diarrhea, mild Moderate diarrhea or
cramping, bowel olic, bowel movement > 5 Death
movement 5 times daily, | times daily, excessive directly related
No  [slight rectal discharge or rectal mucus or Obstruction or bleeding Necrosis, perforation, or | to radiation
Late |changes bleeding intermittent bleeding requiring surgery fistula effects
Genitourinary toxicity
Frequency with urgency
Frequency of urination | and nocturia hourly or
or nocturia that is less more fequenty / dysuria, Hematuria requiring
Frequency of urination frequent than every hour. | pelvis pain or bladder  |transfusion / acute bladder
or nocturia twice Dysuria, urgency, spasm requiring regular, obstruction Death
pretreatment habit / bladder spasm requiring| frequent narcotic / gross not secondary to clot | directly related
No dysuria, urgency not local anesthetic (e.g. hematuria passage, ulceration, or to radiation
Acute |changes | requiring medication Pyridium) with/without clot passage necrosis effects
Severe frequency &
Moderate frequency; dysuria; severe
Slight epithelial generalized telangiectasia (often with Necrosis/ Death
atrophy; minor telangiectasia; petechiae); frequent contracted bladder directly related
No telangiectasia intermittent macroscopic | hematuria; reduction in  |(capacity < 100 cc); severe | to radiation
Late |[changes |(microscopic hematuria) hematuria bladder capacity (<150 cc) hemorrhagic cystitis effects

In short, for both CTCAE and RTOG Grade 0 denotes no adverse effect; Grade 1 indicates

light or mild symptoms, which require no intervention. Grade 2 describes moderate symptoms
with an indication for minor non-invasive or local intervention. Severe adverse effects of Grade
3and 4 limit self-care abilities and indicate the urgent need for intervention. Grade 3 is associated
with severe, may require hospitalization, but not immediately life-threatening symptoms,
whereas Grade 4 denotes a life-threatening condition, which implies urgent interventions.

The definition of gastrointestinal toxicities comprises a broad variety of symptoms such
as constipation, loose stool, blood in the stool, fecal inconsistency, rectal bleeding (Frazzoni,
2015).

Urinal toxicity can outburst with such symptoms as hematuria, dysuria, urinary stricture,
obstruction, and frequency. Some symptoms have a tendency to gradually arise after radiation

therapy, reaching plateau 3-8 years after treatment. The most commonly reported Grade 3
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symptoms are radiation cystitis, obstruction, and incontinence (Rancati, Palorini, Cozzarini,
Fiorino, & Valdagni, 2017).

Due to the anatomic proximity of erectile tissues to the field of radiation, ED is a common
sequelae of radiation therapy of the prostate. Penile erection can be defined as a vascular
phenomenon of elevated blood supply to the erectile tissues. This complex process is highly
dependent on the interaction between vascular, psychological, neural and hormonal factors. When
the penile erection is not obtainable, or erection is not sufficient for sustaining satisfactory sexual

intercourse it is defined as erectile dysfunction (Levine, 2000).

2.1.3 Risk factors and etiology of adverse effects of radiation therapy

The main determinant of the severity of acute and late toxicity is the radiation dose
(Shadad et al., 2013). The pathogenesis of radiation-induced side effects to urinary bladder and
rectum is not yet clearly elucidated. In both cases occurs the inflammation process, which may
result in tissues ischemia, cellular demolition, and edema (Shadad et al., 2013). This gives both
genitourinary and gastrointestinal symptoms. “Target cell” theory explains acute adverse
effects by epithelial damages to the tissue, whereas late toxicities are associated with injuries
to fibroblast and endothelial cells. However, it was suggested that interaction between other
factors such as microbiota and enteric nervous system can as well influence GI toxicity
(Frazzoni et al., 2015).

A common gastrointestinal complication is radiation proctitis, additionally referred to
as radiation proctopathy or pelvic radiation disease. There are some disagreements in the
literature on the terminology of a common name for the constellation of GI symptoms that
occurred after radiation therapy (Frazzoni et al., 2015). Thus, often damage to the rectum due
to radiation therapy is named both as radiation proctopathy and radiation proctitis. Acute
symptoms may debut during radiation therapy or within six weeks after radiation therapy. Acute
symptoms are characterized by abdominal pain, rectal bleeding, occasional constipation,
urgency, diarrhea, mucous discharge (Phan et al., 2009). Chronic radiation proctitis is
associated with pain, rectal urgency, rectal bleeding, strictures, rectal fistula or perforation,
constipation, fecal incontinence. Patient-connected risk factors are diabetes, smoking, body
mass index, history of prior operations in the pelvic area, age, hemorrhoids, connective tissue
disease and inflammatory bowel disease (Crohn’s disease and ulcerative colitis) and rectum
size. Treatment-related risk factors are the volume of irradiated tissues, dose of radiation and

fractioning parameters of radiation therapy (Frazzoni et al., 2015). Acute GI and GU toxicity
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may as well predetermine late toxicity (Vranova et al., 2011). History of Diabetes mellitus is
also considered as a predictor for Gl (Zelefsky et al., 1998).

Regardless of recent developments made in radiation therapy, approximately three-
quarters of patients who underwent radiation therapy continue to experience acute radiation
proctitis and around 20% suffered from late adverse events (Grodsky & Sidani, 2015). In the
randomised control trial (RCT) investigating dose-escalated external beam radiation therapy
for intermediate-risk prostate cancer patients conducted by Michalski et al. in 2018, authors
reported 8.4 years outcomes of 2% of Grade 1, 11% of Grade 2, 3% of Grade 3 and less than
1% for Grade 4 for GU toxicity and 4% of Grade 1. For Gl toxicity it was 4% for Grade 1, 16%
of Grade 2, 5% of Grade 3 and less than 1% for Grade 4 and less than 1 for grade 5 (Michalski
etal., 2018).

In the 2019 study by Weg et al. (Weg, Pei, Kollmeier, McBride, & Zelefsky, 2019) with
15 years follow-up after dose-escalated IMRT (dose of more than 80 Gy) was concluded that
Gl toxicities resolved in majority (83 %) of patients who experienced them. On the contrary,
GU toxicities may have more chronic form with just half of the patients experienced GU
toxicities had a resolution of the symptoms.

The major risk factor of urinary toxicity is urinary function before the radiation (Rancati,
Palorini, Cozzarini, Fiorino, & Valdagni, 2017). For this reason, estimating urinary function at
the baseline should be obligatory before treatment planning, as it can be considered a dose-
limiting factor for some patients. The dose and specific areas of radiation have an association
with different symptoms that may occur to the damaged tissue (Rancati et al., 2017). As well,
it is suggested that some areas of the bladder are more sensitive to the radiation and thus
irradiating them may lead to particular risk escalation of having particular acute and late
symptoms. Other risk factors of having acute and late GU toxicity are the history of vascular
disease, age, diabetes, use of cardiovascular drugs, antihypertensive medication, prior
transurethral resection of the prostate (Rancati et al., 2017).

ED is acomplex problem, which can have organic, psychological or mixed causes. Even
though the probability of having ED is not predetermined solely by age, ED has a positive
association with the age of the patients. When it is not radiation therapy-induced, ED can be as
well caused by a number of systemic diseases, which prevent sufficient blood flow to the penis
(Levine, 2000). The other risk factors include depression, diabetes, hypertension, smoking, drug
abuse, etc. Norwegian pharmaceutical manager states that absolute about 5% of 50-years old
men, 10% of 60-years old man and 25-30% of 70-years old men suffer from a complete absence
of erection (Legemiddelhandboka, 2019). Radiation causes neuronal, muscular and vascular
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damage (reduction of smooth muscle contend) resulting in an increased risk of ED. EBRT can
cause ED in 36-59 % of patients (van der Wielen, Mulhall, & Incrocci, 2007). Prevalence of
radiation therapy-induced ED highly correlates with age, comorbidities and baseline function

(state and health of erectile tissues before radiation therapy), radiation therapy technique.

2.1.4 Management of radiation therapy adverse effects

The severity and symptoms of the patient’s condition determine toxicity management.
Despite causing a significant effect on the patient’s quality of life, frequently occurred toxicities
of grade 1 require no or little treatment. Grade 2 GU toxicity includes incontinence, which
requires pads; urethral obstruction, which requires urinary catheterization; symptomatic
haematuria, which requires urinary catheterization or bladder irrigation; fistula requires non-
invasive intervention. Grade 3 GU toxicity includes haematuria requiring hospitalization,
hyperbaric oxygen therapy, eventually radiological or operative intervention; urinary
incontinence requiring collagen injections, surgery or clamps; urinary tract obstruction
requiring surgical intervention; urinary retention requiring elective radiological or operative
intervention; fistula with indication for endoscopic, radiological or surgical intervention,
eventually urinary diversion (Rancati et al., 2017).

The main treatment options of radiation proctopathy are medical, endoscopic or surgical
therapies (Grodsky & Sidani, 2015). Medical therapy includes anti-inflammatory agents (active
component of the drugs is 5-Aminosalicylic acid) (Do, Nagle, & Poylin, 2011), antioxidants
(vitamin E, A and C), sucralfate and steroid enemas, formalin therapy, sodium butyrate enemas,
hyperbaric oxygen therapy, misoprostol, probiotics, short-chain fatty acids (SCFA) enemas and
others. Hyperbaric oxygen (HBO) therapy may improve compromised blood flow to the rectal
wall by neovascularisation. Antioxidants are claimed to have a limiting effect on tissue damage
in radiation therapy. HBO is mainly not widely available treatment option used mostly by
specialized centers. SCFA enemas are associated with stimulating proliferation of colonic
mucosa and arteriole wall vasodilation and thus improving blood flow (Do et al., 2011). Among
endoscopic treatments are argon plasma coagulation, laser therapy, cryoablation,
radiofrequency ablation. Argon plasma coagulation is thought to have an ability to control
superficial bleedings. Surgical procedures are used as a last resort in severe cases of rectal
bleedings, perforation, obstruction and fistulous disease (Bansal, Soni, Kaur, Chauhan, &

Kaushal, 2016). To improve symptoms control appropriate lifestyle adjustments are required



such as active life-style and high-fiber diet. Even though there is a vast variation in treatment
approaches of radiation proctitis, general management strategy acquires using non-invasive
options first and then gradually progress following the symptoms. Grade land 2 of chronic
proctitis mostly require medical therapy using anti-inflammatory agents, antioxidants as a first
choice and with SCFA and HBO therapy if symptoms proceeds. Treatment of grade 3 may
include the same options as grade 1 and 2 plus formalin and argon plasma coagulation. Grade
4 will usually require surgical intervention (Do et al., 2011). However, some controversy in
disease management is present due to low quality of evidence on treatment options of radiation
proctitis (few RTC, small sample size, short follow-up and high clinical heterogeneity in
studies) (Denton, Andreyev, Forbes, & Maher, 2002; van de Wetering et al., 2016). It should
be noticed, that episodic nature of symptoms, absence of the diagnostics criteria for the radiation
proctopathy complicates the common perception of the treatment options.

The first-line treatment of ED is oral PDE-inhibitors: sildenafil (product name is
“Viagra®”), tadalafil (marketed under the trade name “Cialis®”) and vardenafil (marketed
under the trade name “Levitra®”). The other treatment choice includes penile injections,
surgical interventions (penile prostheses are applied when PDE5-Is are ineffective) and vacuum
devices (Mahmood et al., 2016). However, neither the first nor second line of ED treatment is
not subject to reimbursement in Norway as a treatment for ED.

Application of HRS SpaceOAR® between rectum and prostate allows to avoid acute

and late side effects of irradiation of prostate and to maximize tumor radiation dose.

2.1.5 Product applications technique, indications and adverse events

Injection of HRS SpaceOAR® can be performed in the ambulatory setting under local,
general, or spinal anesthesia. Hydrogel injection is usually combined with other procedures,
such as brachytherapy or placing fiducial markers to improve prostate targeting. The choice of
anesthesia is mainly determined by the procedure hydrogel injection is combined with.

After the patient is placed in a lithotomy position 18-gauge needle is injected
transperineally. Procedure is performed under transrectal ultrasound (TRUS) guidance (Mok et
al., 2014). To separate the anterior rectal wall and Denonvilliers™ fascia hydrodissection
technique (injection of saline water or lidocaine mixed with saline) is used in a volume of 10-
20 ml. Successful hydrodissection is a binding prerequisite in order to proceed with hydrogel
spacer injection. When the 10 ml of a liquid hydrogel is injected into hydrodissected space, it

polymerises within 10 seconds and forms a soft, flexible gel-like structure. The solution of a
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hydrogel is obtained by simultaneous mixing of accelerator solutions and polyethylene glycol
powder when it passes Y-connector before proceeding into the needle (Mller et al., 2016). The
procedure technique is described in detail by Montoya et al. (Montoya, Gross, & Karsh, 2018).
Separation achieved by injecting the spacer varies from 7 to 15 mm (Mok et al., 2014; Weber
et al., 2012). The hydrogel remains solid for 3 months and later degrades by hydrolysis leaving
the body via renal filtration (Mok et al., 2014). Under the procedure, there is a risk of penetration
of adjacent tissues with the needle.

Hydrogel spacer can be used for patients with intermediate and low-risk prostate cancer
undergoing high-dose radiation therapy. It is also possible to use a spacer in the T3 stage of
cancer patients if the tumor is advanced in the opposite direction from the rectal wall (Muller
etal., 2016).

Patients with locally advanced prostate cancer (when dissemination of tumor cells is
possible), patients who have active bleeding disorders should not be offered the spacer. Patients
who had prior prostate surgery, or any other previous treatment of prostate (for example RT,
cryotherapy), patients with active inflammation or infection process near the area of injection
(perineum, urinary or gastrointestinal tract), chronic renal failure, ongoing anal or perirectal
disease should be offered the procedure after thorough evaluation of clinician (Mariados et al.,
2015; Miller et al., 2016).

In the RCT conducted by Mariados et al. (2015) there were no device- or procedure-
related adverse events, infections or serious bleedings. The study population included 222
patients, with 149 in the spacer arm. This study included patients with T1 and T2 stage of
prostate cancer, Gleason score lower or equals 7, Zubrod performance status between 0 and 1
and prostate-specific antigen (PSA) concentration of lower or equal 20 ng/ml.

Studies by Whalley et al., Picardi et al., and Schérghofer et al. on HRS application prior
to the radiation therapy included patients with stage T3 and even few cases of T4, Gleason score
higher than 8 and PSA higher than 20 ng/mL (Picardi et al., 2016; Schoérghofer et al., 2019;
Whalley, Hruby, Alfieri, Kneebone, & Eade, 2016).

To investigate adverse events associated with HRS insertion several studies were
detected. Three articles (Song et al., 2013; Uhl et al., 2014, 2013) were produced on the same
perspective, multi-center, single-arm study. Out of 52 patients included in study 4 were
excluded from further analysis. For two patients there was no hydrogel injection, for one it was
inadvertent rectal wall injection and in one case it was improper polymer reconstruction. The
thickness of the spacer at the midgland was bigger than 5 mm for 44 out of 48 patients. Three

patients experienced procedure-related events such as rectal wall penetration, urinary retention
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and bladder penetration, which resolved without further sequelae. One patient experienced a
device-related event (proctitis). Procedural modifications were made after these events occurred
resulting in no further device or procedural adverse events.

The study by Whalley el at. reports that in 29 out of 30 patients intervention was
performed successfully. In one case hydrogel was injected in the rectal wall (Whalley, Hruby,
Alfieri, Kneebone, & Eade, 2016).

In study designed to assess the late grade 2 toxicity rate after injection of by Chapet et
al. one out of 36 patients included in the study developed hematoma behind the bladder, which
was removed by laparotomy. However, authors are uncertain if it was due to the injection or
placing the fiducial markers (Chapet et al., 2015).

In a retrospective analysis by Schorghofer et al. (Schorghofer et al., 2019) were
evaluated patients after implantation of a balloon or gel spacer, where 139 received gel and 264
a balloon. Spacer option was not random and depended on the availability of the device. The
insertion of the spacer was originally planned for 494 patients, but in 4.45% of patients
hydrodissection was not successful.

Prospective phase 2 clinical trial by Chao et al. had 31 participants reported no adverse
event connected either with the procedure or with the device (Chao, Lim Joon, et al., 2019)
after injection of hydrogel spacer prior to radiation therapy.

Another study by Chao et al. with 76 participants included patients with clinical stage
T1-T3 prostate cancer and reported that all of the patients successfully underwent hydrogel

injection with no adverse events related to the device or procedure (Chao et al., 2018).

2.1.6 Review of effectiveness of HRS in literature

The literature review resulted in the identification of several relevant observational
studies on the topic of the clinical effectiveness of HRS. This includes tree systematic reviews
and one RCT, three guidelines (one by Cancer Care Ontario (CCO), another by National
Comprehensive Cancer Network (NCCN) and the third one by National Institute for Health and
Care Excellence (NICE)) and one summary with critical appraisal.

Three systematic reviews on usage of spacers in radiation therapy were performed in
Canada by Forero et al. (Forero et al., 2018), the UK by Lawrie et al. (Lawrie et al., 2018), and
Switzerland by Mok et al. (Mok et al., 2014). Mok et al. (2014) focused on polyethylene-glycol,
hyaluronic acid, biodegradable balloons, and collagen implants. The study concluded that

increasing prostate-rectum distance is associated with reducing the volume of rectum exposed
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to radiation and maximum dose delivered to rectum under radiation therapy. Forero et al. (2018)
reported that injecting SpaceOAR® hydrogel spacer lowers exposure to radiation of the rectal
wall. However, the review concluded based on the collected evidence it is unclear if the
lowering of rectal-dose volume contributes to a better quality of life and decreased levels of
toxicities. In a systematic review by Lawrie et al. (2018), it was reported that there is low-
certainty evidence on the association between both balloon and hydrogel spacer application and
reduction or other differences in gastrointestinal toxicity outcomes.

Mariados et al. (2015) first published 15-months findings from single-blinded, multi-
institutional RCT in 2015. The study included 222 patients randomized in spacer and control
arm with 149 patients in spacer arm. Mariados et al. report no difference in acute (less than 3
months after radiation therapy) adverse events between the two groups. Outcomes of late rectal
toxicity (3-15 months) favour spacer arm (2% vs 7%, P = 0.044) (Mariados et al., 2015). 3 years
results of RCT published by Hamstra et al. and Karsh et al. involved 63% of patients from the
original patient population. Studies found lower incidence rate of grade >1 and grade >2 rectal
toxicity in spacer arm (2% vs 9.2%, P=0.028; 0% vs 5.7%, P=0.012, respectively). There was
no difference between study groups in incidents rates of urinal late toxicity of grade >1 and
grade >2. Results on quality of life in three publications from the same RCT were measured by
EPIC questioner (Hamstra et al., 2017; Karsh et al., 2018).

In the retrospective study by te Velde et al. with 125 patients in total and 65 of them in
the hydrogel spacer arm was found that reduction of rectal dose resulted in the reduction of
diarrhea. However, there was no evidence found that SpaceOAR® improves the outcomes for
the patients in terms of proctitis, hemorrhoids and fecal incontinence (te Velde, Westhuyzen,
Awad, Wood, & Shakespeare, 2017).

The study conducted by Pinkawa et al. with 167 participants, 101 of them was in HRS
arm showed that hydrogel spacer injection has no effect on acute rectal toxicity, but improves
outcomes of late rectal problems. Patients were selected into HRS arm depending on their
preferences and responsible radiation oncologist. Outcomes were measured with a validated
guestionnaire (Expanded Prostate Cancer Index Composite, EPIC) (Pinkawa et al., 2017).

In a non-randomized study by Walley et al. with 30 patient in the spacer group and 110
in the control group was reported no difference in incidents of grade 1 and grade 2
gastrointestinal toxicity (43% vs 51% and 0%vs 45% in spacer and control group, respectively).
There were fewer incidents of grade 1 late toxicities in HRS group (16.6% vs 41.8%, P=0.04)
(Whalley et al., 2016).
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Guidelines by CCO in Canada concluded that preselected patients with prostate cancer
usage of HRS may result in the lower toxicities incidence rate and preserve the quality of life
(Chung, Brown, D‘Souza, Koll, & Morgan, 2019). NICE guidelines in the UK resumed
sufficiency of current evidence for insertion of spacer to decrease toxicity for prostate cancer
patients (NICE, 2017). NCCN guidelines in the USA suggested the usage of HRS to improve
the immobilization of prostate in cases when it is not possible to lower side effects or increase
oncologic cure rate with other techniques (NCCN Guidelines, 2018).

In 2019 the report by Canadian Agency for Drugs and Technologies in Health (CADTH)
stated that the current evidence is not adequate to assess the benefits of HRS usage and to reduce
present uncertainty further high-quality studies needed. As well, the report points out the other
possible options to reduce adverse events after radiation therapy for prostate cancer patients
(high-fiber diet, optimization of radiation dose, radiation therapy technique) (Chao,
MacDougall, & de Nanassy, 2019)

Several other studies have been published on the use of SpaceOAR® with different
radiation therapy options and with comparison to other spacers (M. Chao et al., 2018; M. Chao,
Lim Joon, et al., 2019; M. Chao, Ow, et al., 2019; Fischer-Valuck, Chundury, Gay, Bosch, &
Michalski, 2017; Hedrick et al., 2017; Juneja et al., 2015; Pinkawa et al., 2011; Rucinski et al.,
2015; Ruggieri et al., 2015; Schorghofer et al., 2019; Trager, Greenberger, Harrison, Keller, &
Den, 2018; van Gysen, Kneebone, Alfieri, Guo, & Eade, 2014; Weber et al., 2012; Wilton et
al., 2017; Wolf et al., 2015). However, their quality can be argued due to various sorts of bias,
small sample size, and short follow-up. It was detected a vulnerability of not randomized studies
to the confounding and selection bias. Thus, there is a possibility of prior selection of patients
with better health for participating in HRS arm. From the published RCT it was unclear whether
the patients were blinded during all the period of trial or just at the randomization. As well, it
was unclear whether the clinicians were unaware of the randomization between treatment
groups.

There is no available at hand clinical data on the effectiveness of SpaceOAR® with
other prostate cancer therapies (i.e. hormone therapy, surgery). However, clinical opinion

suggests that there should be no impact on those mentioned above.
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2.2 National Health Care system and the National
Reimbursement Scheme

Based on the principals of equality, fairness, quality of services and free choice of the
provider Norwegian National Health Care system is predominantly publicly owned and mainly
financed by taxes. National Insurance Scheme, membership in which is universal and
mandatory, covers all residents of the state. The possibility to purchase private insurance is
limited. The municipalities, the four regional authorities, and the State form three levels of the
National health care system. Both Parliament, as a legislative body, and, as an executive body,
Government along with the Ministry of Health and Care Services are responsible for the
provision of national health policy, budgeting, and licensing institutions at the national level.
While four regional authorities are in charge of provision, planning, and financing of specialist
care, municipalities are responsible for social services and primary health care provision in
correspondence to local demand. Thus, the provision of health care services is decentralized.
Health care expenditures per capita in 2017 in Norway were 10.4 % whereas average amongst
European Union countries is 9.6 % (OECD & European Union, 2018).

To ensure equal access to medication regardless of income and economic status
preapproved medicines are subjects for general reimbursement. Preapproved reimbursement
through the National Insurance Scheme bases on the disease severity and treatment duration.
Patients partly bear the cost burden of treatment with out-of-pocket payments, which are set up
to a certain limit by a parliament each year and in 2019 the limit is 2369 NOK (HELFO, 2019).
Once the out-of-pocket limit is reached, the exemption card will provide the patient with a free
health care service. To be a part of the national reimbursement scheme pharmaceuticals require
approvement by the Norwegian Medical Agency (NoMA). The reimbursement for medicines
that are not covered by general reimbursement for individual patients is decided by the

Norwegian Health Economics Administration (Helsegkonomiforvaltningen, HELFO).

2.3 Priority setting

In the light of increasingly constrained budgets in the healthcare sector worldwide
including Norway, together with increasing demand for health care due to technological
innovations and growing population, the need of priority setting to ensure equal access to
treatment across patient groups has become evident. Priority setting within health care is
especially hard due to its complexity and quantity of stakeholders. On an individual level,
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healthcare professionals make decisions regarding the patients' health and have a primer contact
with a patient and his relatives, whereas strategical decisions regarding resource allocation
within the healthcare sector are made by politicians. The Framework for the priority setting
within health care sector was established by governmental commissions such as the Lgnning |
(1987), the Lanning 11 (1997), the Norheim Commission (2014), and the Magnussen Working
Group (2015) (Norwegian Ministry of Health and Care Services, 2017). The overarching aim
of priority-setting in the Norwegian healthcare sector is achieving “biggest number of healthy
life years for all people, fairly divided between them”(Ottersen et al., 2016). The first
commission represented five levels of priority setting, grading mostly on the severity of the
condition (NOU 1987: 23). In later report Lgnning Il it was recommended three bases for
priority: expected benefit, criteria of severity and cost-effectiveness (NOU 1997: 18). Norheim
Commission came up with three revised after Lgnnings Il priority setting criteria, which were
recommended to apply ubiquitously to the health care sector and considered collectively. The
recommended criteria were: the health-benefit-, the resource- and the health-loss criteria (NOU
2014:12). While the health-benefit criterion suggests that an increase in expected health benefit
results in higher priority, resource criterion states that intervention with fewer resources used
should be prioritised. Expected health benefit can be measured by prolonged patients life
(increased survival) and improved patients quality of life (pain reduction, improvement in
psychological and physical state, a decrease of psychological and physical discomfort). Thus,
quantification of the benefit criterion can be done using the term “healthy life years”, which
accommodated the abovementioned points. The resource criterion is suggested to be widely
used especially at the clinical level, where health care professionals continuously are making
decisions about resource allocation and prioritization. The health-loss criterion recommends
that increase in expected health-loss over the lifetime of the patient will lead to a higher priority
of intervention. Thus, the intention was that this criterion reflects previous, current and future
health state of the patient or group of patients. Cost-effectiveness analysis takes a major place
in this framework (NOU 2014:12).

However, the health-loss criterion was vastly criticized, as it potentially may result in
unequal access to health care for the patients with nearly equal future health loss and needs.
Therefore, a new working group, known as “Magnussen group” was appointed by the
government in 2015. Its task was to work out a framework on assessing the severity of the
disease in priority setting within the healthcare sector. The report was issued later in 2015
suggesting recommendations for assessing severity and willingness-to-pay thresholds
contingent on the levels of severity (Magnussen, 2015).
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2.3.1 Quantification of severity and absolute shortfall

While in the clinical setting qualitative measurement mostly defines severity, in priority
setting for the health care sector severity becomes quantitative assessment with the practical
application in health economics calculations. Operationalizing quantitatively the severity
criterion enabled the possibility of evaluating whether the intervention is within the budget of
interest, as well referred to as willingness-to-pay (WTP) threshold — the maximum amount of
money that can be spent to gain additional healthy life year. WTP threshold enhances following
the increase of severity grade.

The Magnussen group recommended that priority of intervention should raise following
the increase of conditions severity. The severity assessment is based on:

- risk of death or loss of function;

- the degree of physical and mental function loss;

- level of pain, physical or mental discomfort.

To operationalize severity four approaches were considered by the Magnussen group.
The concluding recommendation was to incorporate “absolute shortfall” of healthy life years
as a key characteristic of conditions severity. “Healthy life years” defines both health losses
and health gains in terms of both improved quality of life (QoL) and increased survival
(Magnussen, 2015). Thus, the absolute shortfall can be explained as how many healthy life
years are lost as a result of early death or decreased QoL under the disease duration, or the
future loss of healthy life years. A staircase model was suggested by the Magnussen group
includes six severity levels with six thresholds for each group accordingly. The overview of the
absolute shortfall is represented in Table 3. Thus, for the severity group 6 with an absolute
shortfall of 20 + healthy life years, the maximum WTP threshold equals 825 000 NOK (per
life-year). And accordingly, for the severity group 1, with absolute shortfall ranging from 0 —
3.9, maximum WPT threshold equals 275 000 NOK per healthy life year.

17



Table 3. Relationship between absolute shortfall of healthy life years, and willingness-to-pay (WTP) threshold per
additional healthy life years.

Severity group

1 2 3 4 5 6

Absolute shortfall of healthy life years 0-39 4-79 8-119 12-159 16-199 20+

WTP threshold per additional
1ealthy life years, NOK 275000 385000 495000 605000 715000 825000

*Source: P4 ramme alvor, alvorlighet og prioritering (2015)
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3 Theoretical framework
3.1 Economic evaluation

Decision-makers in the healthcare sector on all levels, for instance, policymakers,
hospitals, and other stakeholders, daily face the situation when they need to make a decision
choosing one alternative course of action above the other, keeping in mind budget constrain
and opportunity cost. Since resources are scarce, a decision made on financing a particular
intervention results in not financing the other intervention, which potentially may be a better
deal for the money. Thus, there is a need to have a framework to inform the choice. Economic
evaluation enables to inform and advise the decision-making process by a comparative analysis
of alternative interventions in terms of consequences and costs of both of them (Drummond,
Sculpher, Torrance, O'Brien & Stoddart, 2005). It allows identifying whether the use of money
on the intervention being efficient and on policymakers level whether the intervention is eligible
for reimbursement. The opportunity cost of prioritizing one intervention can be assessed in the
health benefits (for instance quality-adjusted life years (QALYS) gained, life-years saved)
which might have been gained had the next best intervention was prioritized.

Economic evaluation has a common format approaching cost, but the approach to the
consequences or benefits differs. Hence, it can take the form of the cost-effectiveness analysis
(CEA), where effects are quantified in natural units — life-years gained, cost-benefit analysis
(CBA), where effects are expressed in monetary units or cost-utility analysis (CUA), where
effects are estimated in quality-adjusted life years (QALYS). In this way, when two or more
interventions are compared, economic evaluation explicitly defines the opportunity cost of the
alternatives.

Economic evaluation can be either trial-based or model-based. Trial-based studies
generate data on costs or resources used alongside with data on health effects, which provides
a possibility to assess the cost-effectiveness of the intervention. It is extensively debated that,
even though being a “golden standard” in regards to bias and confounding, randomized
controlled trials may contain some weaknesses in terms of limited time horizon, external
validity, they are costly, limited choice of compotators, they may not provide all evidence to
estimate cost-effectiveness and they are not always possible to conduct. Following vast
consideration on the appropriate trial framework, pragmatic or “real world” studies were
suggested to replace or support RCTs (Coyle, Davies, & Drummond, 1998; Briggs, Claxton &

Sculpher, 2011). Model-based economic evaluation represents simplified reality and uses a
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wide variety of data sources as RCTSs, various kinds of registers and administrative databases,
clinical experts, observational, clinical and other studies and therefore can perform an
extrapolation from intermediate to final endpoints, incorporate evidence for head-to-head
comparison of alternatives, extend the result of a clinical trial. However, due to the complexity
of the “real world” and limited capacity to simulate multiple complexities it is argued that
models are not able to correctly reflect reality.

There are several decision-analytical models, which are frequently used in economic
evaluation, including discrete event simulation, decision tree, and Markov model. Being the
simplest form of modeling technigue, the decision tree has some issues including not explicit
time definition and while modeling chronic conditions with multiple numbers of possible
consequences decision trees may become very complex (Drummond et al., 2005).

Based on a series of states in which patient can be at a certain time, Markov model
allows handling the issues of the increased complexity (Briggs et al., 2011). The probability of
staying in a particular state may change over some time period, termed cycle. “No memory” is
the main disadvantage on Markov model, which is usually solved by adding additional states.

Depending on the viewpoint from which costs and effects are evaluated, economic
evaluation can be performed from the provider, societal, industry and international perspective
and the choice of the perspective is a matter of aim and context of the study. NOMA
recommends to apply provider perspective, thus including if relevant the costs for transportation
to the treatment, out-pocket payments of the patients and their relatives, patients and relatives
time consumption connected to the treatment. Effect on the mortality, patients and relative's

quality of life should also be included if relevant (Statens legemiddelverk, 2018).

3.2 Health outcomes

There are several instruments to measure the quality of life, which can be divided into
two categories: disease-specific and generic. Enabling to measure the effect, disease-specific
instruments limit the possibility of comparing intervention within a particular disease. Generic
instruments, such as EQ-5D, SF-6, HUI, measure a variety of dimensions both social, mental
and physical well-being and mostly express measurements in quality-adjusted life years
(QALYs). When effects are measured with a common tool, it allows comparing interventions
across the diseases and thus, defining the opportunity cost. QALY accounts for both quality of

life, measured from 0 to 1 and referred to as weights, and length of life, estimated in years.
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While measuring utility, O represents “death” and 1 “perfect health”. However, some conditions
may result in values below zero, if one thinks that experiencing this health state is worth than
death. QALY is obtained by multiplying the quality of life by the time the patient was in a
particular health state. Utilities can be collected from the general public, patients or health care
professionals. Pursuing the same goal of measuring the quality of life, instruments differ in the
way they are constructed by the number of severity levels and dimensions. Weights can be
obtained by the direct method, using, for instance, visual analog scale (VAS), standard gamble,
time trade-off (TTO), or indirectly using multi-attribute health state classification (QWB, EQ-
5D, HUI, SF-6D) (Drummond et al., 2005). Additionally, QALY as a measure of effect has
been approved by NoMA. Different instruments and patient populations from which utilities
were elicited may be a source of uncertainty and variability in the model.

NoMA recommends, as a rule, to use EQ-5D to report quality of life outcomes. If
outcomes are reported with other instruments they should be converted into EQ-5D. Outcome
data should as well be age-adjusted, as the quality of life deteriorates with increasing age
(Statens legemiddelverk, 2018).

3.3 Cost-utility analysis

The method of economic evaluation when QALY is applied to measure the effect is
called cost-utility analysis and can be classified as a type of cost-effectiveness analysis (CEA).
The CUA is commonly used to guide resource allocation policy of decision-makers with respect
to both budget constrain and benefit maximization. The CUA, as a preferred method for cost-
effectiveness analysis, was recommended by the National Institute of Health and Care
Excellence (NICE, 2012) in the UK and NoMA in Norway (Statens legemiddelverk, 2018).

The primary results of CUA are estimating incremental 