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Abstract

Abstract

Introduction

Cushing syndrome and disease are classified as rare diseases. The estimated incidef228f @8s 10 to

15 per million people worldwide per year and can occur in any age,gragly diagnosed in females with a
median age of 41 years. The mortality rate is reported to be betwketmes higher than the general population.

This study was conducted following my diagnosis of CS to compare other patients experiences of these medical
conditions with my own, and the clinical consequences following a diagnosis and treatment of CS

Methods

A HRQoL survey was conducted on members of the Pituitary Associations using a-dsszfe online
guestionnaire. Quantitative and Qualitatarelysis was performed.
Semistructured interviews were also conducted on a range of Health Professions disciplines.

Results

The study population was 86. The 71 female members median age was 42 and the 15 males was 39.4 years. The
results showed strong correlation between age and QoL scoreg, P < .03). The median length of time for

a diagnosis of CS was 5.4 yedentale$, and 3.7years for the maléBhe median number ohiysicians consulted

prior to a diagnosis was Zhe results showed strong correlation between the numbelPbfsicians and their

QoL scores, (r .78, P < .05 Both genders reported physical and psychological conditions.

Conclusions

The wide clinical spectrum of &£produces medical dilemmas as symptoms vary and therpédrents can be

sent to a range ofhiysiciansprior to a definitive diagnosisThe prolonged consequences of excess cortisol
affected my own and their HRQoL, even after remissimainly due to the persistence of physical and
neuropsychological morbidityrhere remains a lack of psychological support and Health Professionals awareness.

A patient’s perspective should be recognised to be an integral part of the managed&nt of

11



Chapter 1 Introduction

Title of Study: Cushing syndrome and disease: A study of the diagnosis, treatment, clinical consequences,

and Health-related Quality of Life associated with these medical conditions.

Chapter 1

1.0Introduction

Cushingsyndrome CS and Cushing Diseas€D), a baffling portmanteau of symptoms, each often ascribed to
other medical conditions, but together representing diagnostically, challenging medical conditions which can
occur if the body produces too much of the hormone cortisometimes, but not always, due to long term use

of steroid medicines. With amstimatedincidence of around 10 to5Imillion worldwide per yegrand often
coming, ‘disguised as other stanglone conditions such as hypertension, obesity, psychological disorders,
diminished libido, infertility, osteoporosis, and even domestic altlisetd skin which bruises at the tbin CS

can be present bundiagnosedor many years.

This Doctor of PhilosophyRhD), study aims to conduct a systematic search for reliable knowledge to identify

the main clinical reasons which can delay the diagnosis and subsequent treatmenlifef-thesatening medical
conditions and to measure the impact that it has on its victims. The objectives being to assess the efficacy of the
current clinical working practices i.e., the decisiaaking related to the diagnostic and therapeutic practices
reliability of these and the impact these medical conditions have on patients’ retsthid- quality of life

(HRQoL), before and after diagnosis and treatment.

1.1 What is Cushing syndrome?

Firstly, clarification of the distinction between the/tllrome’ and the ‘Disease’.

Cushingsyndrome refers to the rare condition caused by excess camtit@ body, regardless of the cause.
WhenCS is caused by a pituitary tumour, as opposed for example, to theéetamgise of exogenous
corticosteroids, it isalledCD. Cushing’s is mobt causedby glucocorticoidsGCg prescribed for therapgn
example being prednisolone which is prescribed for a wide range of medical conditions including certain types of

cancer.Topical corticosterals prescribed for example for skin infections can also cause CS.

Symptoms usually develop gradually and so the diagnosis may not be clear for some time. Another reason for
CD is primary hypercortisolism which has resulted from an adrenal gland tumaehr edn be benign or
malignant. If the hypercortisolism is untregtéden it carlead to diabetes mellitu®M), and suppression of the

immune systenCS and CD are said to be rare, and are clever, deceitful, invasive endocrine disorders that changes

12



Chapter 1 Introduction

thehuman body’s defence mechanisms. The clinical manifestations of this disorder vary creating challenges for
clinicians as patients present with varying symptoms which can be mild tepecific. Due to this diversity in
clinical presentation, it can sidicantly delay diagnosis and patients may be at a late stage of the disease process

before they are diagnosed.
1.2 Background

The condition, CS was first identified by, and named after Harvey CushB@g {939, an eminent American
neurosurgeon in 1912 His description was based on a case in 1902 and his experiences which followed. He

stated that, “we may perchance be on the way tathedrecognition of the consequences of hyperadrenafism.”

Over the subsequent years, his theoreligpbthesis was proved to be correct, i.e., that CS is, “linked to minute
basophilic adenomas of the pituitary gladd.The pluriglandular syndrome became known as CS. Harvey
Cushing published an article in 1932 which described the syndrome that was caused by a basophil pituitary
adenoma which in turn is caused by hypersecretion from the adrenal cortex. He described these rare tumours of
the anterior pituitary gland and their striking clinical manifestations in an article. The manifestations we refer

to as Cushingoid features, examples being facial hair, weight gain, hypertension, fatigue, muscle weakness and

an increase in the blood cholesterol level. The medical journals of that era named the condition CS.

The patient who most influenced Harv€yshing, was a sixtegrearold seamstress, “Minnie G.'Cushing

removed her pituitary tumour, which was his first neurosurgical experience of this nature, but unfortunately, he
failed to remove all the tumour and hence she subsequently died. Howswégtdrimination to learn by this
experience made him exercise due diligence in ensuring that all specimens taken during his surgical procedures
were analysed and the results documented. This is said to have been one of, “Cushing’s major legacies to

neurosirgery.

He was nominated for the Nobel Prize in surgery and medicine 38 times but never won it although he was one of
the foremost neurosurgeons, a world leading teacher of neurosurgery in the first decadetéméu? and

expert in his field. Hi main aims were to improve the survival rates of patients after complex neurosurgical
procedures for intracranial tumours. Cushing himself often discussed CS in its milder form as being not so rare,
but a century later the diagnosis remains a challeogenény Pysicians and is classified as a rare medical

disease.
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1.3Incidence and Prevalence of Cushing syndrome and disease.

Most figures quoted for the incidence and prevalence of CS and CD are extrapolated from hospital and endocrine
organizations databases, insurance companies and National patient registrnare dependent on the
methodology of analysing the data which can vary between countries.

The prevalence of CS in Europe is said to be estimated between 1.2 to 1.7 milligrer year and of these, 0.6

million have CD. The CD patients presenting with benign adrenal adenomas and 0.2 per million of those with
adrenal carcinomas.

Pituitary micro adenomas account for approxima#loin adults, CD is estimated to occur therefmn 10 to

15 million of the population worldwide, women are more likely to have CD thar? ieese figures extrapolated

from the Lindholm et al, 2010 study however were based on the crude incidence rate of CD owing to the
uncertainties in establishinpe location of the underlying tumour in some of their studies of patients with
endogenous CB.The figure quoted for pituitary adenomas @8%-70%in children.

A 2015, United States of Americll$A), study examined the incidence of hypercortisolisimgua commercial

claims database, and found the incidence wa§ 6.21ew CD patients per million population per year. Their
resultsverealmost49 cases per millioper year for patients’ <65 years old, and substantially higher than previous
estimates, which were based primarily on European“data.

Using similar methods, the study estimated the incidence of CD at nearly 8 cases per million USA population.
This study concluded thaidgse estimate# further studies were undertakemuld suggest that the incidence of

CD is higher than previously thought.

A Swedish study published in 2019 condudigdRagnarsson et al, asssdthe annual incidence in a nationwide

cohort of patients with presumed CD.The authors suggested that thasonsvhy few studies are undertaken

into the incidence of CD is due to the limited number of patients who have this medical condititneir AB17

study cohort wasonfirmed as having CD. Their clinical, biochemical, imaging, and histopathological etata w
accessed via the Swedish National Patient Registry. The findings showed that the incidence of CD in Sweden was
1.6 cases per million whickgreesvith most previous European studida.the Swedish study, a comparison of
incidence was made between 2€TB.3 and compared with the 198304 figures. Reflecting on their results

the authors wondered if there was a definite increase in the incidence of the disease or was there, “simply an
increased awareness, early recognition, and earlier diagrtoeigs'they could not answer. It was also interesting

that this study highlighted the importance and need for validation of the diagnosis of CD in epidemiological

research. The latter could suggest that this would be a more accurate method of collecting data.
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“Recent studies have advanced the current knowledge on the pathogenesis of a pituitary adenoma, the precise
mechanisms and causes have remained elu&iMais statement agrees with most current books and publications
includingtheNiemanet alpaper in 15, whereby she stated tila¢ aetiologyof the causes of Cushing’s can be,

“mysterious”, and its, “origin complex®’

As previously mentioned, approximat&@%to 70%of CS patients are found to have developed a small pituitary

gland adenomanguroendocrine tumolr(NET). This gland produces a hormone named adrenocorticotrophic
hormone ACTH) which is released into the bloodstream and stimulates the adrenal glaoderproduce

cortisol. One or both adrenal glands may then need to be surgically remibiedften also necessary to remove

a NET, and as previously stated, this is then referred to as CD. These NETs are often referred to as spontaneous

CS and CD.

Pituitary adenomas are said to be the most common types of neurological neaptitsm third most common
type of intracranial tumourand, “a proportion of them exhibit invasive growth towards the surrounding normal
structures, including the skull, cavernous sinus, dura, sphenoid bone, the third ventricle, and even the pharyngeal

cavity.””

According toProfessoiNewell-Price et al, 2016), who is an eminent British Endocrinologithe statistics for

CS are dependent on the population studied anfdeeency of the incidence and he estimated that the range for

the world isbetween0.7 million to 2.4 million per year. The sourcesfeevidence, however for these figures

were dated from the early ninetig$990, 1994, to the early twentyirst. century 2001) and undoubtedly the

current statistics show an increase in the prevalence of CS arab @&ported earlier in this sectiorilThis 2016
publication, however, accurately describes CS, its causes, the pathogenesis, the biochemical diagnosis of
hypercortisolaemia, the diagnostic tests including imaging and the current medical swagdrig®erapies.
Middle-agedpatients i.e.ages. >460 more commonly have adrenal carcinonéhe Cushing Support and

Research Foundatio€8RH estimatsthat 1615 of every million people are affected each year.

There are therefore variations in the current statistics related.tdrC&18, according to the Virtual Medical
Centre,the prevalencavas approximately 40 per million and the incidende?2 cases per million of the
population® The World population is presently reported to be an estimatedilli@ people. The sugroups

from their datashowed CD accounts f60% of hypercortisolism, being more common in women than men with
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a ratio of 8:1, and their ages betweerdB0 1t is rare in infants and children. In men, ectopic ACTH production

is 10 times more frequently fodrthan in womef.

Lacroix et al previously in 2015, reported a global incidence ob(iillion/year and a prevalence of 39-
million in various populations, with the average age of onset being 41.4 years and a female to male ration of 3:1.
Interestimgly, Lacroix et al quoted an incidence of approximately 20 per million population in Africa which was

extrapolated from the USA Census Buréiu.

The Pituitary Foundation, United Kingdom @), is a national support and information organization for
pituitary patients, their families, friends, and caférBhe PF is a leading UK charity which provides support to
people affected by disorders of the pituitary gland such as acromegaly, CS/CD, prolactinoma, DM, diabetes
insipidus DI), and hypopituitarism. Th PF statistics are provided by their clinicians which, includes
Endocrinologists Psychologists and &urosurgeons who are membef the PF committee. ThEF quoted
incidence of Cushing'’s in the UK is 1 in 200,000 &émely claim that it is now diagnosed more frequently when it

is specifically investigated. Like other studies, they also claim that the most common reason for CS overall is GC
treatmengas previously mentioned, for example the use of a steroid creams. Tim@est cause of spontaneous

CS (@round 70%, is a small benign tumour of the pituitary gland. The PF currently estimates that there are

approximately 70,000 people with a pituitary condition in the'UK.

1.4 Why do we get it?

As previously explained, @3hing’s develops because of an excess of the cortisol hormone GC, which is produced
by the adrenal glands, which are located at the superior surface of each kidney. Their purpose is to assist in
regulating blood pressure, the immune system, and the batdirihe effects of insulin which keeps the blood

sugar levels normal and helps the body to respond to stress. The “clinical consequences,” of this overproduction

of GCs result in CS, “irrespective of the underlying cauSe.”

The endogenous causes of CS are said to behayenclude excess production of the ACTH causing a pituitary
adenoma D) but, “more commonly the prolonged administration of supraphysiological GC treatménts.”
These can be in the form of medication suctabtets, inhalersskin creams andasal spraysand isalso known

as exogenous or iatrogenic CushingThe incidence being 3Z.4 million population per year.

Being cortisolbased these GCs increatfas exposure to cortisol thus leading to the development of CS. Patients

who are prescribed steroids containing GCs for ailments such as arthritis and colitis are said to be the most at risk

1€
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of developing Cushing’s. Notably, exogenous CS represents the majority of those diagnosed with CS

worldwide

It is interesting that as previously stated, that more women present with Cushing’s than men, in the age range
between 26b0years. Perhaps this is not surprising as they experience hormonal changes which take place from

birth, pregnancy and throughout therimenopausenenopause and beyond.

CS is said, in most cases not to be congenital or due to any stimulus in our envirdiovester, some patients
may develop CS due to an inherited tendency to develop tumours of one or more of the adrenal glands. These
conditions may include primary pigmented micronodular adrenal disease or multiple endocrine neoplasia type 1

(MEN 1).4

Undoubtedly, the pathophysiology of Cushing’s is complex and some of the answers to the origin presents
challenges for Endocrinologistsxd Health Professionals, particularly as the biochemical tests are not always

accurate and require careful interpretation.
1.4.1 Genetic Mutations in Tissues (somatic mutations).

Patients, according to Professor J Newell Paceoften asked if CS is a genetically inherited medical condition.
Indeed he suggests th#iere are several genes which are known to contribute to the pathogenesis of CS, but there
are also new genes being discovered that relate #6 A®is has beethe subject of debate and study for many

years
1.5 Mortality

Hypercortisolism, according to a number of studies including Lindholm @04Dj, is associated with excess
mortality because of cardiovascular disease, stroke and infécliothe era of Harvey Cushing the survival rate

was reported to be 5 years but during the 1980’s with the advent of adrenalectomy surgery the 5Syear survival rate
exceeded5%. Recent studies however for Transsphenoidal surd&g,(for pituitary adenomsmhave shown

an encouraging survival rate of up88.23%to 99%:26 17 According however to Lindholm, et al, the mortality

rate in CD, “remains significantly higher than in the general populatfolt.8hould be noted however, that the
diagnostic critea used to establish remission varies among individual sttidisssome of these studies, patients

in remission are said to occasionally experience, “subtle, recurrent hypercortisolism, thereby raising their
mortality risk.”*8 The other possible mortsl risk is the use of supraphysiologic GC replacem&r@ studying

these findings, it is clear that speedy diagnosis and effective management of CD patients is crucial in order to,
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reducethe detrimental effectsof hypercortisolismand thus reduce mtatity.r” Unfortunately, many studies
suggest that the comorbidities associated with CD in all probability continue to persist in patients in remission

and subsequently reduce thgirality of life (QoL).'®

A multi-centre, multinational, retrospective stud30092014) found a median survival rate of cure was
approximately 40 years in remission. However, patients who had been in remission for more than a period of 10
years were found to have an increased risk of mortality when compahethevgeneral population. This study
published in 2016, suggested that the complexity of treatment, number of treatments and varying range of the
disease processes created a difficulty in controlling the disease, which appears to have a negatinaheffect o
survival of CS patient¥: “Overt CS is a severe condition responsible*fmultiple comorbidities and increased
mortality.” 2° Therefore it is critically important that effective treatment is essential to reduce mortality and reduce

the comorbidies associated with CS for lotigrm QoL.

*Chapter 2,Pages 453, literature reviewexploresthe comorbiditiegollowing a Cushing’s diagnosend how

theseadditional medical conditiongnpact on the patients HRQoL prend post CS.
1.6 Who makes the diagnosis?

The variations in the signs and symptoms of CS and CD can create difficulties for clinicians but the normal
pathway for diagnosis is via the General Practitio®®)( who refers the patient to an Endocrinologist, who
normally confirms the definitive diagnosis. However, due to the rarity of this condition, many GPs’ have little

or no experience of patients with thesenplexconditions. This in turn can cause a major déday definitive
diagnosis to be made. Patients often mention to their GP one or two or more of their symptoms which are treated
but often are not linked to¥> However, Cushing’s can be identified often via incidental findings if the patient

is referrel to hospital clinicians for other reasons. The condition can be found in patients who are referred for
example to a psychiatrist for treatment for depression or serious psychological changes, example, hypomanic
attacks. Other symptoms can be degeiverathanges in bones, examples, rheumatoid arthRi#s),@nd
osteoporosis in which case an orthopaedic surgeon may trace the underlying cause, for exairgtenaeging

of the spine whereby an adenoma of a kidney may be repBagdnts often gaiaxcessive weight, particularly

in the abdominal region. There may be weakening of the muscles and the face may become red and rounder, the
latter being known as, ‘moon face,” and an excess growth of facial Hiegut(sn), particularly in women.

Patiens are often easily bruised and eye conditions such as twitching can be the result of muscle spasms.
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A study in 2016 named the ‘Patients’ Perception on Clinical Outcome and Quality of Life after the diagnosis of
Cushing’'s Syndrome,’ is one of the largest studies of its kB&f) patients The main aim of this study was to
measure th&oL, based on the patients’ experiences from diagnosis to treatment and the short d@adrlong
effects. Interestingly, the results reported that the time (metiikah for confirmation of a diagnosis was 5
years?® The authors recommended that Health Professionals and healthcare providers should be taught to
recognise the signs and symptoms of CS and concluded that this would lead to earlier diagnosis which would

subsequently improve their Qott.A furtherreview of this paper is featured in ChapteiPages 8-65.

Cushing’s is often accidentally diagnosed in patients who have been referred for diagnostic medical imaging for
other reasons, as previoushgntioned. For example, a Magnetic Resonance ImagiRd) 6can is recommended

for brain scanning and maycidentallydetect a pituitary adenoma. Computed Tomogra@fy, @nd Ultrasound

(U9, of the abdominal region often identify adrenal adenorkiasdyy. X-rays show arthritic changes in the
skeletal system caused by Cushing’s, including osteoporbéit is a common comorbidity of CShe latter

conditionbeing confirmed using a Dual Energyry Absorptiometry[DEXA) scanner

Section 2.0Pages B-35, of this Chapte discusses in more detail the main imaging modalities for the diagnosis
of CS and CD and the reasons for their choice. There is also a review of literature in Cl{8ptera®s 34,5,

Pagesr1-84), which highlights the latest developments in imaging for CS and CD.

The Endocrine Society have producelkhical guidelines for the treatment of @#ich are aimed at reducing
mortality and the associated comorbidifiésRecommended treatments include the use of drugs for hypertension
(antihypertensivgsand surgery fothe removal otausal lesion(s}his normally beinghe firstline approacit.
Surgical procedures includgSS for pituitary adenomas and adrenalectomies for adrenal adenomas. Medication
follows and an oncologist may recommend radiother&¥ &nd/or chemotherapy if a tumour is found to be

malignant.

1.7Hormone Disorders and Cushing syndrome and Pregnancy.

Hormone disorders are abnormalities related to the chemical signalling and the subsequent interaction in the body.
For example, high cholesterol levels if left untreated can cause cardiac disedséfpddgsugar levels which

lead to diabetes. The endocrine glands which secrete hormones includes not only the pituitary and adrenal glands
but the thyroid, pancreas, testicles, and ovaries. Physical and often mental changes occur when therd is hormona

in-balance. This is more prevalent in females, particularly during their reproductive years. The hormone



Chapter 1 Introduction

oestrogen, for example is a sex hormone and varies throughout the reproductive cycle and progesterone plays a
role in producing these sex hormones and assists in regulating the menstrual cycle. Progesterone levels are found
to be high during pregnancy and this hormone is said to aid sleegiosterone is widely known as the ‘male
hormone’ but isalsopresent in women and aids muscle growth and libido. Overproduction of this hormone leads

to a gain in weight, excess facial and body hair in women and changes the monthly menstrual cycle. It is rare
that pregnant women develop CS, but if theyitloan create, “a real medical challenggThe sympoms of
pregnancy can closely resemble those of CS and create complexities in screening tests due to an increase in plasma
cortisol levels throughout the gestation ped®@Sduring pregnancy can endanger the lives of both mother and
foetus Theoverall foetal loss is said to be approximately 2&8%the pregnancies. According to Caimari et al,

(2018), “there is no consensus as to the most effective treatment in these circumstances in terms of improving
maternal and foetal outcomeg® These autbrs concluded that this may be due a dearth of stwdnish

compaed the different modalities of treatment for CS in pregnantfie changes therefore in the maternal
hormones and their binding proteins cause difficulties for the conventional testi@& fand complicates the
assessment of GC hormones during gestation. Theaffas¢nt test is the urine free cortisol (UF@nd late

night salivary test, (LNg;Twhich are recommended in the European Clinical Guidelines.

The difficulty in diagnosing CS in pregnancy is because pregnancy is a state of, “hypercortigblism

Adrenal adenomas are the most frequent reason for the onset of CS in pregnancy and ACTH hypersecretion from
the pituitary gland, less frequenthe low incidence of reported cases during pregnancy and the changes which
occur in the hypothalamigituitary- axis HPA), in a normal pregnancy means that there is a higher risk of
maternal and foetal complications. A recent study showed that the management of pregnant women with CS is
similar to norpregnant women. The authors of this study Kim et al, recommended that any surgical intervention
should be performed during the second trimester, &éfigr 24 week of gestationNotably, ACTHindependent

CS accounts fds5%o0f the CS case@drenal surgery is suggestdbe more successful than meditherapy?®

For CD, TSS and metyrapone is recommenidedhose who have other comorbiditie€luding diabetes and
hypertension, antb ensure better outcomes for mother and child.

The diagnosis and the correéatment of hormonal thalance which includes CS and @herefore essential

to reducemortality and associated comorbidities. Effective treatment includes the normalization of cortisol levels
and includes the normalization of comorbidities via directly treating the cause of CS and by adjunctive treatments
(exampleantihypertensives Surdcal resection of the causal lesion(s) is generally recommended. The choice

of secondine treatments, incluganedication, bilateral adrenalectomy, and ROF, corticotropic tumours.A
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wide variety of current literature agree with Nieman, et2018), in that the course of treatment(s), “must be
individualized to each patien€”

1.7.1 Survival rates

For patients with CD due to a pituitary adenoma and CS due to benign adrenal adamnmeiaakrates “have
relatively good survival outcomes often mirroring that of the general populdfiétoivever, ectopic CS and
Cushing’'s caused by an adrenocortical carcinoma, “confer the highest mortality risk among Cushing's
etiologies.?” To decrease the burden of mortality from Cushing’s therefore requires not only a prompt diagnosis
followed by treatment but regular cheggs in order to monitor associated comorbidifes.

On referral to an Endocrinologist, he/she will perform a series of biochemical tests as des@dmihim1.8.1,
Pages22-25 of thisChapter The evaluation of these tests can take time and the medical conditions that a patient
can be experiencing can be due to a range of reasons. For examplagktteds anorexia, alcoholism,
pregnancynfertility, thyroid enlargement, insomniarthritis, weight gainand a lifethreatening illness, for
example, cancer, cognitive impairment, and mental illnesses. The latter being referred to a€ sPCH.

Most PCS patients are usually found to have some degree of hypercortisolisimayabjochemically mimic

that observed in patients with true G3.” This, makes diagnosis complex according to Krystallenia’s who
presented a paper at the™Buropean Congress of Endocrinology in 2018. In his paper, he stated that “no
biochemical suppression or stimulation test and no individual clinical feature may wafi@®¥ealiagnostic
accuracy,” for discriminating between a CS diagnosis and’T& recommendation being that a combination

of tests would enable, “physicians to challenge the differential diagrf®sis.”

Although aproximately78%of CD patients following pituitary surgery remain in remission during-gekd

period. Aroundl3%of patieris’ relapse andimost a third of thegeatients experience in the lotgrm a

failure of surgery and require an additional seclimel treatment?

It is therefore important that clinicians need to identify the symptoms early, gatieaittscanbe refered for the
diagnostic tests. The wide variations in symptoms, as previously stated, create difficulties in-deaidgnas

to the cause and subsequently delays treatment as the symptoms can be associated with other medical illnesses.
In endogenouslgeveloped CS the signs and symptoms make take years to appear.

Patients may therefore be seen by a myrigéhgéicians making it a long, painful, and expensive journey before
they are referred tanEndocrinologist whose specialty is to diagnose and treat disorders of the endocrine system
and in the case of CD, they may need to be referredNteusosurgeon. This highlights the need for awareness

of the signs and symptoms within the medical professions.
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1.8 The Diagnostic Tests for Cushing syndrome and disease

The diagnostic pathway is decided by the endocrinology team either as a hospital outpatient or inpatient. On
studying the main organizations which includes the Endocrine Society. who reconviaghes guidelinesthe

CS and CD tests, they appear to unanimously agree on the methodologies of testing to confirm a CS and/or a CD

diagn05i56.’27’28’29’30’31

1.8.1Biochemical Testing

The guidelines recommended by the Endocrine Society have not significantly changed sin&eF200s.

diagnosis of hypercortisolism at least 3 biochemical tests are initially recommeAdBHysician should be

alerted to look for biochemical evidence of CS as afliinstscreening approach if a patient preseritis any of

the Cushingoid features including easy skin bruisfrigowever, no single Cushingoid feature is 100%0

predicting CS and therefore this is the reason that it is important to penforenthan biochemical test.

Figure 1, Page26, displaysan illustration of the typical Cushingoid features that affenidentified during a

clinical consultation.

The biochemical testing includes blood, and saliva samples which are normally taken by the endocrine nursing

staff. The patient, under instruction is responsible for the collection of th€itd#E, the salivary test and self

administration of the dexamethasone and corticotropieasing hormone tabletS€RH). All test samples are

sent toa hospital laboratory for analysis.

The choice of tests are as follows:

a) A dexamethasone and CRH wherescribedhave the physiological effect of suppressitige

production of the hormone, cortisol. The test is named the overnight dexamethasone suppression test,
(ODST). 1mg of dexamethasone, is orally taken by the patient between 23.00 and 00.00 hours. The
patient therhas a blood test normally at their GP surgery early the next morning. This test is a measure
of the serum cortisol taken between 81@O0am. The blood sample is then sent to the hospital for
analysis. Cortisol level <%0nol/L is the appropriate response afteiministration of the@ODST in
normally functioningHPA.

However, inadequate cortisol suppression with higher cortisol levels has a sensitivityar85specificity of

80%for initial diagnosis of CS. If the cutoff value<140nmol/Lis usedthe specificity for thiseaches>95%,

although sensitivity falls significant§Unfortunately, if a patient is taking various types of medication, then this

can affect the test.
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b) A low dose ODSTLDODST), is conducted in the hospital and can be moreifipen the results
regarding the exclusion of conditions which are associated with PCS. Dexamethasone is administered
over 48 hours in OrBgdoses at 6 intervals over this period of time. On day 3, 6 hours after the previous
dose a serumortisol measurement is performed. Suppression of cotigbhmol/Lshows a normal
response for noGS patients. The LDODST has a sensitivity and specificity in diagnosing CS and is
said, “to be 100%nd88% respectively,” and, with a positive predictive value, (PPVR2# and
negative predictive value (NPMof 89% respectively?® Any additional factors which may interfere
with the results should be considered by the endocrine team.

c) Bilateral Inferior Petrosal Sinus Samplir®)PSS can also help to establidrereason for endogenous
CS and identify the root of its cause, example, pituitary or elsewhere. The petrosal sinus veins drain
the pituitary gland. In a recent metaalysis of published literature, the results showed that BIPSS
was found to have, “a high diagnostic value for detecting A@d&pendent CS3* It is also valuable
for lateralizing small hormonproducing adenomas within the pituitary gland.IPBS may be
particularly useful when the laboratory evaluation suggests a pituitary source for ACTH, but none can
be identified by MRI scanningSedation is required for this procedure. The catheter tubes are inserted
bilaterally into the femoral veins drby advancing the catheters into the inferior petrosal sinuses via
the internal jugular veins, the ACTH levels are measupett@sal sinusgsand a blood sample is
taken from the forearm. Baseline ACTH values are obtained from the periphery and tioe infe

SHWURVDO VLQXVHV ERWK EHIRUH DQG DIWHU &5+ VWLPXODWLRC
the petrosal sinus to the periphery before CRH stimulation, or 3.0 afterwards is felt to be consistent
with pituitary CD. In ectopic disease, theioais typically less than 2.0 both before and after CRH
stimulation® Following this test, it can be established that if the ACTH level is higher from the
petrosal sinus sample, then Cushing’s has developed from the pituitary gland. However, if both
sanples are similar then it is highly likely that the source of the problem is elsewhere. According to
Vaughan et al,2012),the experience of the practitioner influences the utility of the test, and even
some large medical centres may not be able to petfumrocedure reliabRp.

Hypoplastic, ectopic pituitary tumours or anomalous inferior petrosal sinuses can often result in false negative

tests. “IPSS results can lateralize those findings and may therefore be misleading and are rsptfighli?!

According to Kyritsi et al, (2016 “bilateral sampling of the internal jugular vein is a more simple and safer

technique, and it may be used in centres without expertise of BRPI®i% is due to the possible complication
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of BIPSS whichcan range from a hematoma of the gr@a of cases rare complications being deep venous
thrombosigDVT), pulmonary thromboembolism pontocerebellar junction stroke, brain stem injury, cranial nerve
palsy, venous subarachnoid haemorrhage, and obs&ingtilrocephalu®.

Notably, acording to Nieman2017), approximately only 50%f tumours are identified by MRI pituitary

imaging?® If a tumour is not identified on the MRI images, then BIPSS should be recommended.

d) Adrenal venous samplind\{/9 is the goldstandard test used for identifying patients with surgically
curable subtype of primary aldosteronisRAjf, which is the primaryause for hypertensioRA is
said to cause between 1528% of drugresistant hypertension. By measuring the aldosteronism
levels from both adrenal veins enables a diagnosis of the adrenal source of excess production. This
would be conducted prior to surgery but is also technically challenging and only experienced, ‘hands’,
should perform AVS which is said to B8%reliable in diagnosing the aetiology of PA.
Various centres throughout the world use different technigiesording to a recent survey, twiokds of them
are using a sequential catheterisation technigiNe.evidence currently suggests which technique is superior and
there is no standardizgatotocol. A recent review of AVS however, showed that this procedure identifies
aldosterongoroducing adenoma#&PA9 and other subtypes with aldosterone production for 1 adrenal gland and
this is of great value for surgical plannitfdn the case of bilateral hyperaldosteronighl) it is suggested that

this should be treated medlity with mineralocorticoiereceptor antagonistéRA9.4°

e) A 24-hour urine UFC), sample is collected in a special container which is supplied by the hospital
with strict instructions given as to how to satfminister this test efficiently so that thample is
accurate and clear of any faecal matter.

The UFC measures the unbound cortisol filtered in the urinary system, which according to
Pappachan et aRQ17), “provides an integrated assessment of the total urinary cortisol
excretion over a 2thour period, unlike measurement tftél) serum cortisol measuring both
freehormone and cortisol which is bound to cortisol binding glob@R®).” 4*
The lattermay,however vary with thealteration inthe CBG levels in ¢sease states or the
associatedise ofdifferent types of drugs

There are, however, variations in the reported efficacy of UFC sanmpéindy due tqprocedural difficulties, for

examplechildren and older patients, contamination before and during processing
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A number of researchers including Guaranotta e2@ll§), have found that the degree of urinary hypercortisolism
excretion is not correlated with severe €8ccording to Persenn et #q13), there exists a high variability in
baseline UFC values in patients with €SA study also by Aranda et aR{16, showed poor diagnostic utility
for UFC levels of only 53%ensitivity andB6% specificity for initial screening test of CS, thus suggesting that
this test is less reliabfé. These statistics were also quoted in the Pappaathapaper, 2017, which discusses
CS and a practical approach to diagnosis and differential diagnosis. Cortisol levels higherlib@amisfograms
per day in adults suggest the presence of!'CS.
f) A latenight saliva test INST) is taken and submitted tohespital laboratory to also measure the
cortisol levels. This is carried out late evening as the levalsrtifol can vary throughout the day.
This issaid to be highly sensitive test. Plasma cortisol levels in a healthy patient starts rising between
03.00am and 04.00am. At night however, these can be high, and patients are asked to chew a
cylindrical cotton swab for a few minutes between 280M0. The pants are then requested to
store the swab in a sterile container -&degrees Celsius. Most studies have reported the sensitivity
and specificity of this test a95% whichwould suggest the presence of €%: 46
The LNST has a better performance than the UFC in the diagnosis of CS, according to Elifs lefisahlso
important that more than 1 sample should be taken, and clinicians should be aware of, “the importatnestof pre
probability, any preanalytical error(s),” and that, “testing/methods/assay differences can significantly influence
results accuracy.® It is important to note, that there can be cases where ankdggive or fals@ositive can
occur in these diagnostic tests, if sampling conditions are not adhered to. A 2021 paper has suggested that steroid
profiling may supplement or improve the ekigtbiochemical tests to diagnose CS and mild autonomous cortisol
secretion, MAS. The authors Athimulam et al, in their paper, discuss this method as having diagnostic potential,
combining it with customized computational analysis and madbdsed leaing (MBL). This they claim will
simplify the hormonal workup and disease subtyping ofCS8lotably,50% of patients with incidental adrenal
adenomas are found to have MAS.
Display 1

A typicd route for aCSdiagnosticto treatmenpathwayis displayed below:

Biochemical Tests‘ UltrasouHCT scan ‘ AVS ‘ PET Scan

Adrenal Surgeryr Medical Therapyr Radiotherapyandbr Chemotherapy
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Figure 1 Cushingoid Features

Medical Pictorial lllustration: Courtesy of Quora

Figure 1 displays the Cushingoid features witigh be identified during a clinicaksessment arsthouldlead to

further investigatiosto establish a CS or C#llagnosis.

2.0Diagnostic Medicallmaging

Following biochemical testing and depending on the results the patient will be asked to attend the radiology
department for imaging of the glands associated with CS and CD, i.e., the pituitary or adrenal glands. The reason
for this is to establisthe presence of any cysts or adenomas within the pituitary gland and/or adrenal glands. By
measuring the size and shape of these glands on the resultant images eRablietogist to determine the
presence of a tumour. Normal practice is for tliBogists to report the resultant images and then send the
results to the endocrine teamth a copy tahe patient's GP.

A radiographic image essentially presents visuabrinftion of the patients’ anatomy and physiology. The
observer of the image(s) can for examipéea Radiologist,Radiographer or medical doctor who is qualified to
undertake the task of making a diagnosis. With the introduction of workstation systems and specially designed
software, which enables the productionteb dimensional ZD), or threedimensional D), imaging these

images when displayed, can be manipulated by the operator, and enable anatomical measurements, a prime
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example being tumour size and volunsaftware is used in CT, MRI, Nuclear Magnetic ResonahidéR),

Positron Emission TomographRET), andultrasoundS), and aids not only diagnosis but {aurgical planning.

X Appendix4, Pages243-245 featuresexamples of Imaging Modalities and ApperfdliPages 28-254,

Anatomicalillustrations, radiographic images, and case studies

2.1 RadiologyHistorical Background

Prior todiscussing the radiological imaging modalities for a CS and/or CD diagnosis, similar to acknowledging
the historical beginnings of CBis also important to acknowledge the background of medical imaging as it plays

a vital role in the diagnosis of thesedical conditions.

Wilhelm Conrad Roentgen in 1895 discoverehys while experimenting with a Crook’s tube and noticed that

“a new kind of rays were emitted that could expose photographic plate even when optically sifeteddmed

the rays, xrays and decided to take a radiograph of his wife’s hand to view her skeletal anatomy. Shortly after
his discovery, xays were used in clinical practicEepruary,1896f° Since Roentgen’s discovery, enormous
technological advancements have taken placeeitical imaging.

The twentyfirst century could be described as the era of the technological revdtutitowever, with any
invention and advancement in technology there is a ‘price to pay’, not only in terms of financial costs for the
research and devglment, acquisition, installation, and overhead costs of medical devices, but also in the
biological effects of ionizing radiatioR). These are the reasons why today’s Health Professionals must be
compliant with rules and regulations to ensure safe and efficient practice. During their diagnostic journey CS
and CD patients are exposed to high doses of radiation, particularly when referred for example for CT

examinationgind RT.

2.2 Safety Measures for the use of Medical Devices and Prescgilbitedical Therapy.

With this in mind, prior to embarking on the literature review for this st@iyapter 2), a critical appraisal of the
current European and UK Government regulations and laws related to prescribing medication and the use of
medical devies for the diagnosis and treatment of CS and CD was conducted. This also assisted in the collation
of information for this Chapterwhich included the application of the ionizing radiation medical exposure
regulations IR(ME)R 2017 52 The rationale for this was to not only understand the risk benefits for patients who

undergo not only biochemical testirtgyt also medical imaging and sometimesiich both u® IR, and the
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prescribed medications and treatments, which can include chemotherapy. This process of study also enabled the
author of this thesis to plan the design of the structured questions for the HRQoL survey, i.e., some of the questions
were designed to focus on the justification for the diagnostic tests and treatmentsvaaddhif these had
influenced their HRQoL. This knowledge was also thought to be helpful in preparation for thtreetmied
interviews with Health Professionals, which took place during this study.

Thepresent studgims,and objectives of this studye fully described in Section Pages43-44, of this Chapter

(1), and the researainethods are fully explained @hapter 3Research Methodologiageso4-101.

2.3 lonising Radiation (Medical Exposure) Regulations, 2017.

The IRME)Regulations,Z017), informs practitioners on the justification for referral of patients. Justification for
individual exposures, according to these regulations must show, “a sufficient net benefit, “and that, “the total
potential benefits, including diagnostic and therapeutic, including the direct health benefits to the individual and
the benefits to society of the exposuré.”

On referring patients for diagnostic medical imaging, the referrers must therefore consider the reasons why a
particular imaging modality is theast appropriate for imaging the area of the body under investigation. During
their decisioamaking processes, they should firstly consider using d@arning radiation modality, examples,

MRI or US. The regulations state théthe referrer must supplthe practitioner with sufficient medical data,

such as previous diagnostic information or medical records, relevant to the exposure requested by the referrer to
enable the practitioner to decide whether there is a sufficient net benefit as requiredldtiored1(1)(b).”>?

The practitioner being the person who delivers the radiation dose, examples being a Radiographer, Assistant
Radiography Practitioner, Radiologist, or a Surgeon.

However, if norionizing imaging modalities are unsuitable for an amétal area of the body under investigation

or a particular pathology, then an IR modality should be chosen. The decisions that referrers and practitioners
make regarding their choice of imaging modality should be based on the evidence produced digahtyials

prior to being used in daily clinical practice. The Royal College of Radiolo§&tB)( evidencebased guidelines

help referrers to make the right choice of modality for each radiological investigation, thus providing safe and
bestpractice3® Referrers and practitioneranust ensure that doses arising from the exposure are kept as low as
reasonably practicable consistent with the intended purpgsé.”

The approximate effective radiation dose from CT for example, is 20milli$éefds\), for an abdomen and

pelvis repeated with and without contrast media. A PET/CT scan would be approximately 25mSv for a similar
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examination. Spine ray’'s approximate radiation dose is 1.5mSv. Dose calculation is, however, complex due to
many fat¢ors. These doses are the typical values for an avsiagg patient therefore, the dose can vary
substantially. The effective dose is a calculation which assesses the total risk to the body from IR. This therefore
enables medical staff to assess thetaghke patient for each individualray referral. A radiation patients’ profile

should be kept within their medical records to assess overall the patients’ accumulative dose.

The safety aspects related to diagnosing a condition such as CSijiaiitant for physicians and surgeons and

all those who are referrers to acknowledge. In the case of CS/CD, due often to the large number of radiological
investigations required to reach a definitive diagnosis, the radiation dose can be substantiainateifg this

does not cease post diagnosis as RT and additional CT scans,-destird other radiological investigations

due to the longerm comorbidities may be required. Notably, CS and CD patients are given a surveillance plan
by their endocrinéeam to monitor any changes in their health and to ensure that their Cushing’s remains under
control. Itis important therefore that all referrers are not only trained in the IRR but also understand the rules and
regulations pertaining to the Europeandital Devices Directivé?

On May 2%" 2017, the new European Medical Devices (BMDidelines were published which marked the
commencement of the transition period for the manufacturers selling medical devices in Europe, thus allowing
them to make changes before selling them to health services. The importance of safety and meeting the
standards requires those using medical devices to comply with these safety measures and are of the utmost
importance for staff who manufacture, sell, install, and operate the equipment and for patients who are diagnosed
and treated using such equipment.

*MDR replaces the Medical Devices Directive (93/42/EEC) which has a transition period of three years, thus

allowing technical documentation and processes to meet the new requirefénts.”

2.4 Biological Effects of Medical Exposure to lonizing Radiation.

The effects and human risk from exposure to IR is dependent on the absorbed dose, dose rate, quality of radiation,
specifics of the tissue irradiated and other factors suttheagje of the patient. It can take many years for the
effects of exposure to IR to manifest itself and cancer can be a result of the stochastic effects of absorbed doses
of less than 1GrayQ@y).>® This is a derived unit of IR in the International Systefroits (SI). It is defined as

the absorption of 1 joule of radiation energy per kilogram of matecording to Stakiewicz Sherer et al,
(20187), “the risk of cancer induction varies widely across different tissues: however, the risk of fatal radiation

induced cancer for a general population following chronic exposure is B#dsievert 8v).” > The Sv is also
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a derived unit of IR dose in Sl units and is a measure of the health effects of low levels of IR on the hurtfan body.
High doses of IR, i.eqver 1Gy, can kill cells within the human body and causes deoxyribonughf) lamage
which results in what is known as the deterministic effects. Genetic changes and cancer are examples of the
stochastic effects. The n@tochastic effects include, skérythema, cataracts, bone marrow depression in which
case immunosuppression becomes critidg&posure to IR induces, “various types of DNA damage, including
DNA doublestrand breaks{SB3.” %° This damage is normally repaired by the corresponding DNA repair
system. However, according to Shi L0(8, there is substantial evidence that, “if mistakes are made in the
repair of the damaged DNA, then the genetic information may be changed leading to health effects,” as previously
mentioned® The human bdy’s defence mechanisms may repair damaged cells caused by IR, severely damaged
cells may however die or proliferate in a modified form of capiter.
Each time the exposure button is pressed onray system during a radiological investigation the IR pates
the patients’ skin and passes through the tissue and organs. The energy of the radiation imparted along its track,
‘excites’, the electrons of the molecules within a human cell into motion. The rebdéiogic effectiveness
(RBE is a ratio whichdescribes the amount of biological damage that a radiation dose can incur, therefore the
guality and amount of the radiation is important in determining potential chromosomal damage to & patient.
The biological reactions to IR can therefore result umarous different effects to the human body and the
following examples are summarized:

x Damage to the skin due to low photon energy examples being leukaemia, breast cancer and genetic

damage.

x  Sterility or the production of mutations.

x Gastrointestinal, cerdl nervous system syndromes.

x Radiation induced cancers.
In Chapter 2 the author of this thesis reviews several published works whose authors have studied the types of
medical imaging modalities, including IR and rAiéhfor the diagnosis of CS and CD. Beepapers discuss the
details of the ‘goldstandard,” modalities used for these conditions and the justification for their use and focus on

the possible side effects which they may induce.
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2.5 Advancements in Technology.

“Medical diagnostic radiography is the science of producingyximages of the human body to aid

diagnosis.”® The growth in radiology services over the past five decades has been exponential, particularly with
the intoduction of sectional imagindC{, NMR, MRIPET), and US which is also used extensively in many
branches of medicine examples are abdominal, cardiology, gynaecology, obstetrics, and the urinary tract.

Since the early nineties, MRI has been the modafitshoice for pituitary adenomas and is still the Caggue

to their size it is crucial, “to visualize the pituitary gland with the highest spatial resolution, which enables correct
delineation of small anatomical structures and pathological lesins.”

The use of 3Tesla magnet MRI scanners was hoped to provide a better resolution for minute adenomas but has
been found to be in some cases disappointing. However, the recent introduction of the 7T magnet MRI scanners
is proving to be hopeful but contragél and is reviewed i@hapter 2 Section3.4, Pageg5-77.

* Both MRI and CT, are thought to now be the ‘gold standard,’ imaging modalities used currently within radiology
departments for the diagnosis of CS and CD. The following sections are an overview of these and other imaging
modalities which are also used, often as complimentary to obtain and confirm radiological evidence of tumour

growth and metastatic spread.

2.6 Adrenal Gland Imaging

Computed Tomography is used to study adrenal massesestingly, prevalence of adrenal masses is reported
regularly byRadiologists and is betwedn3%and8.7%among adults with the prevalence increasing ufDéb

as age increases. These incidental adenomas according to Manter2080a),dre of, “mild, clinical importance

in CS,” which is reported in approximate®@o-10% of these patient®. Sherlock et al4020), in their study

found that adrenal incidentahas are now, established as a common endocrine diagmassiggestethat it
requires a multidisciplinary approach for the effectivanagemensf CS® These authors concluded thhe
advancement of surgical techniques have improved clinical ouscam# new radiological technologies and
urinary biomarkers wilachieveearly detection and patient stratification in future years to &me.

A recent 2021 publication in the British Journal of Radiold3H), suggested that contrast enhanced CBUS

is currently being evaluated to assess its usefulness as a screening modality to differentiate between benign and
malignant adrenal mass¥s.This article describes, CEUS as a relatively safe alternative for patients who perhaps
react to contrasnedia andmay have renal dysfunction or allergy to CT contrast medliath reference to

imaging of the adrenal glands, US is normally requested to identify the presence of a benign, or malignant

31



Chapter 1 Introduction

adenoma$&® Depending on the result, a CT may be requested to establish tumour volume and the extent of the
malignancy Figure 39, Appendix 4Page244,shows a photograph of an Ultrasonographer scanning a patient,

an Ultrasound. Portable unit. Appendix5, Figure 41, Page246, displaysa CT image of the right adrenal
adenoma. Appendkx Figure 42, Page47,displays a CT of the adrenal glands (Normabfamy). Appendi%

Figure 43, Pag 248, displays CT of an adrenal cortical carcinoma.

2.7 Pituitary Gland, Imaging
X Since its introduction in the 1970s and 1980s, MRI is now widely used in brain scan imaging. The

scanner consists of a very large magnet which creates a “strong magnetic field, the nucleus of the
hydrogen atomprotontends to align itself with the fig@l” ¢ In the human body there are many
hydrogen atoms and therefore, this tendency results in a net magnetization of the body. The hydrogen
atomsgenerate a detectable radiofrequerRfy {hich is received by antenniasclose proximity to the
anatomy king examined’ The pulses generated by the radio waves excite the nuclear spin energy
transition, and magnetic fields localize the signal in sp&t¥driations in, “the parameters of the pulse
sequence, different contrast may be generated between tissues based on the relaxation properties of the
hydrogen atoms thereint®

Notably, current research studies are focusing on the MRI techniques tzgistiaroadenomas of the
pituitary gland®® A prime example of this is the Grober et al stu2@1(7) whichevaluated the use of

the 3D volumetric interpolated bredtiold examination, a spoilegradient echo 3DT1 sequen&3B
characterized by superisoft tissue contrast and improved resoluiodcomparedhis with dynamic
contrastenhanced MRI IMRI), and conventional MRIGMRI) for detecting microadenomas in
patients with C¥¥ These researchers concluded thatSGE should be part of the standard MRI
protocol for patients with CE® One could argue however, that this underlines the need for the
availability of a stronger magnetic field scanneri.e. 3T or 7T. Apart thelack ofavailability within

smaller hospitals, there is also argming debate as to which level of magnetism is the most efficient

for the identification of micro changes in the brain structure.
Whilst researchers generally agree that MRI is the safest aricffexdive method of imaging used for

the identification of a pituitary tumour, there are also those who have found false negative and false
positive results during their studies, particularly with the use of 1.5T. Vital @04l)( noted in their

study for example, that the smallest of tumours may not be detected by any of these MRI $€anners.
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Rotte et al previously in their 2016 study of the clinical evaluation in CD using 7T, found when it was
compared with 1.5T that 3 out of 5 microadenomas wetected when the 1.5T scanner failed to do
so®  Appendix4, Figure 47, Image 7, Pages1, displays an MRI scan of the pituitary gland.

2.8 Computed Tomography

x CT is similar in its structural outward appearance to MRI but uses IR to privdaiciimensional 2D)
images which appear on the resultant images as-seations. This modality for example, is used for
cardiac imaging, skeletal imaging, suspected brain damage, tumours, and cysts. Similar to MRI, contrast
agents are used to demontdrphysiological changes and functional irregularities. MRI and CT both
use a computer and keyboard to display the digital images. Once the full processing of the images and
data has been storedRadiologistfor examplethen reportsheir findings, as previously discussed.
Appendix4, Figure 37, Pag@42,displays a photograph of a CT Scanner.

2.9 PositronEmission Tomography.

x PET scanning is regularly used in cases where adrenocortical carcinoma is suspected which could be
based on a sugpous imaging phenotype, large tumour volume, the signs and symptoms for example
being hirsutism, hypertensialue toCS. A PET scan exampl¥F-glurodeoxglucose, is often requested
prior to an adrenalectomy to evaluate the possibilitnefastase¥.

For pituitary gland adenomas, due to the difficulty in proving tumour localization, despite biochemical
identification of ectopic-ACTH syndrome EAS) physicians normally request further imaging to
ascertain the presence of a primary tuneprime example being thengs which are reported to make
up55%of these. Further imaging can therefore be in the form of NMR as well as conventional imaging.
CT chest imaging has an overall sensitivitys8%6-66%and for lung tumours/4.9%,7*
2.10Ocular Coherence Tomography
Another form of imaging is Ocular Coherence TomograpgD¢€T), which is used foICS patients who may
develop visual impairments due to a pituitary gland adenomay(s). This iscaftead byressure of a pituitary
mass on the optic/retinal nerve.

X OCT is also said to be, “quite useful,” assessing the thickness of the retinal nerve fibre layer in the
optic nerves when they are compressed or distorted by a pituitary téfmour.

The Massachusetts Institute of Technology is presently developing-®&ihidevice which is leading
to another possibility which will add to the imaging modalities for pituitary gland imadihg. device

is to measure choroidal thickness which increasehe eyes of patients with active CS. A novel
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modality is enhanced depth imagirg]-OCT), which enhances the resultant images and allows eye
specialists to measure the anatomy and thickness of the choroid to be assessed and is now being routinely
usal by many opticians in their clinics.

A research study conducted by Abalem et28116), compared the choroidal thickness measurement
using OCT in patients witBAS, their aim being to evaluate the occurrence of retinal abnormalities in

the same group @fatients”® Their results found thdt8.8%of patients presented with macular changes,
possibly secondary to choroidal thickening. Their recommendation wesnthct furtheresearch

studies which would support their findings. The authors suggtsteekcess corticosteroid levels seem

to have a significant effect on the choroid and might be associated with secondary retinal diseases.

Notably, PET and SPECT are used for the detection of peripheral NETs and can provide an ectopic source of

ACTH or CRH, which mimics CD.

Chapter 2alsoreviews publications which assesses pituitary and adrenal gland imaging using MRI, CT, US and

NMR and tle latest advancements in PET scanning.

2.11. Radiotherapy Modalities for the Treatment of Cushing syndrome and disease.

Diagnostic medical imaging also plays an important part in the planning ofrdifment for CS/CD.

Radiotherapy is a treatment option for patients who have invasive tumours which are uncurable and have failed

to achieve remission. This is hormally decided for patients who hawenisadcessfulr'SS or are not considered

to be suitable for this type of surgergxamples being older patients, and those with serioustéong

comorbidities?

However, some patients who undergo i&verachieve biochemical remissiéh.

X

In 3D MRI-guided RT multileaf collimators are used to shape the RT beam to closely match the shape
and volume of a tumour, thus reducing the dose to the healthy surroundingtidmfedoses of RT

are used to destroy cancer cells in pituitary malignant adenomas. Side effects unfortunately occur during
and after RT and its use can also damage healthyagellissues near the treatment area. Today, major
advances in radiation technology have made its use more precise in defining tumour volume, leading to
fewer side effect® The side effects include, cerebrovascular evedN&§, discomfort in swallowing

and secondary intracranial tumoutsy mouth, tooth decay, nausea, lymphedema, stiffness in the jaw
and longterm arteriosclerosis of the he&t’ Patients with recurr¢iCD after surgery are often referred

for gamma knife radiosurgersK-RS. However, according to Cohénbar et al 2016), ‘Patients with
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adenoma in the cavernous sinus are more prone to develop loss of pituitary function aR8F.GK

This means that there is a risk of letegm hypopituitarism for patients with CD.

2.12 Matrixassisted laser desorption/ionizatiohlass Spectroscopy (MALDI).

Many pituitary tumours invade other areas of the brain causing catastrophic consequences and are
sometimes inoperable. New intraoperative techniques are being developed and tested such as MALDI
mass spectroscopy. This is used in mapping of the exposgtnyitgland intraoperatively. MALDI
geographically mapthe glandor the location of clusters of the different types of hormexgressing
cells andtumours composed of these céflsThis visualization technique therefore can assist
neurosurgeons to daé the location of pituitary tumours in near réale. Calligaris et al, performed
imaging analysis using MALDI mass spectroscopy of pituitary adenomas during their 2015 study and
were optimistic regarding the potential of this diagnostic method ofysingl specific hormones,
including growth hormoneG@H), and prolactin in tissues. The study conclusion suggested it may be
possible to, “determine the composition of such hormones in less than 30 miffutésus, giving the
surgeons critical informati to assist in distinguishing a pituitary tumour from a normal ¢ff&#td.

In Summary: Multi-modality imaging plays a large role in diagnosing CS and CD. Clinicians find it beneficial in

their diagnostic assessment to use a combination of thedalities to look for specific patterns associated with

the disease processes, and this depends on both the, pet#gihg modalityand the expert eye of the image

reporter.

The number and frequency of imaging examinations and RT treatmergslelyeependent on the referring

clinicians who must be mindful of the dangers involved, particularly in the use of IR and therorigjelogical

effects. As previously stated, the justification and benefits must outweigh these dangers. Modalities such as MRI

and US should based as frequently as possible when physicians are striving to make a definitive diagnosis in

the safest possible way.

3.0 Surgical Techniques for Cushing syndrome and disease.
3.1 Adrenal Surgery
According to Dalmnazi and ReinckeZ018), “Recent advances in molecular pathogenesis and the natural history

of CS have improved the understanding of the management of this di§éase.”
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In their paper, the authors discuss the current evaluation efftbecy oftreatmentsn the long term, including

several cortiselowering medicallterapie$? However, drenal surgergontinuego be the safesthoice, for the
treatment of CS. In the cases of adrenocortical adenomas which are the result of hypercortisolism, unilateral
adrenalectomy is said to be the ‘gold standard’, treatfh@iatdeal with ineffective treatments for CD or CS, i.e.,
patients who are suffering from elevated serum comayrequire radical surgery, i.e., bilateral adrenalectomy.

This surgery is viewed as, “a last resoaiccording to LawZ017)8Cortisolis secreted from the adrenal glands,

thus when they are surgically removed the disease is eliminated, but not withsetjgenced'he key points
extrapolated from the Dalzi and Reincke update paper on adrenal surgery is, that laparoscopic surgery should
be performed for the surgical removal of adrenal adenomas and that unilateral adrenalectomy should be considered
whenpatients diagnosedglith bilateral macronodular adrenal hyperplasiguire a surgical optiof!

Figure 2 displays a medical illustration of Adren&@urgery.

Figure 3 Laparoscopic Adrenal Gland Removal (Adrenalectomy).
Medical lllustrations Courtesy of Medicine.net

Appendis, Figure 40,Page246, displays an illustration of the kidneys, including the adrenal glands.
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3.2 Pituitary Surgery

3.2.1TranssphenoidaSurgery of the Pituitary Gland.

Eighty percenibof CD patients are recommended for pituitary surgery. ®Modbcrinologists agree that a prime,
‘candidate,for TSS should have completed at least 2 dexamethasone tests including theL@B%and a 24-

hour UFC test. In addition to this, patients should undergo a BIPSS study if the initial biochemical tests are
inconclusive, and at leaatpossibility of an MRI scan abnormality within the pituitary regiior to surgery?.

The endocrine team prior to referring patients for TSS should also consider the comorbidities of individual
patients. These include for example, hypertension, cardiac status, presence of DM and glucose metabolism. A
recent systematic review by Broersen et201@, compared the outcomes of TSS according to tumour size, and
evalated the difference in conducting microscopic with endoscopic T$8ir findings showed that for CD

patients there was no difference in terms of advanfageither type of surgical techniqu&s.However, in cases

of patients with macroadenomas, the endoscopic technique was shown to yield better results regarding remission
and recurrence rates. They concluded, thathin their study period;jthese results are present despite the
presumed learng curve of the newer endoscopic technitj& These authors recommengldidat “although
confounding by indication and improved radiological investigations with time”, this technique, “cannot be
excluded.”® However, as most patients suffering frof tave microadenomas, the author of the present study
tends to agree with the Broersen et als suggestion, that there is no reason for changing techniques. The
recommendtion beingthat it is the neurosurgeon’s decision as to which surgery is best for a successful clinical
outcome.

Figure 4, Page 38demonstrates the outcomes of TSS according to tumour size and shows the remission and
recurrence rategigure 5 Page 38 shows the anatomical area of the pituitary gland and FiguRage39, a

pictorial illustration of TSS technique.

Appendix5, Figure 48, Page 253lisplays an MRI image of the pituitary gland prior to surgery and after
repeat first and second surgeries. Appendikigure 49, Pag®54, displays a Case Study of a negative MRI.
Display 2

A typical route for a CD diagnostic to treatment pathway is displayed below:

Biochemical Tests‘Pituitary MRI ‘BIPSS‘ PET Scan

Pituitary Surgeryor Medical Therapyr Radiotherapyand/orChemotherapy
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Figure 4 Analysisof Complication Rates after TSS for CBars depict: Confidence Levels.

Endoscopic vs Microscopic TSS for CD: a systematic review. Broersen et al, Pituitary, 2618

Figure 5 Demonstrates the anatomical of the area of the pituitary gland.

Medical lllustration: Courtesy of the American Cancer Society.
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Figure 6 Transsphenoidal surgery is performed through the sphenoid sinus, a hollow space in the skull behind
the nasal passage and below the brain. The back wall of the sinus covers th&apjtgland.

Pictorial lllustration: Courtesy of the National Cancer Institute

4.0 Other Treatments for Cushing syndrome and disease.

Physicians and scientists are continuously trying to reduce the mortality rates due to CS and CD. “The genetic
basis of neoplasia within the pituitary gland is under continuous investigdfion.”

Earlier in this introductoryChapter the genetic charactstics of certain pituitary tumours, including those
associated with CD which may have potential therapeutic targets were discussed. Chemfatherajpyple,

using Temozolomide TMZ), to treat refractory tumours of the pituitamhich are aggressive or malignaht.
However,TMZ, is said tdbe only used folife-threatening pituitary tumours, and the duration of therapy must be
determined on a patiebt-patient basid® There remains a dearth of prospective clinical trial data for rare
aggressive pituitary tumours whiahdoubtedlyrequire multidisciplinary patient care teamgptovidethemwith

the most informed treatment optionsccording to Bush et aRQ10), this requires a muktentre approach which
would supporfuture clinicalresearch with the aim of developiggidelines fotreatment ofiggressive pituitary
tumours® Bush et al, alssuggests that complete remission is not an expected outcome from this form of therapy,

butaredudion in tumour volumeandstabilizationhas the potential tanprovetheclinical outcomes2?
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According to Halevy et al (PL7), TMZ, has an accepted role in treating pituitary carcinoma and adenomas if RT
and surgery have failed to control tumour growth. However, the authors agree with the Bush et al study that its
use, “as a primary therapy, or in preference to RT remainsos@nsial.”8*

Treatment options in CS and CD are increasing with some Endocrinologists preferring to refer patients for medical
therapy prior to the surgical options dander to achieve control of hypercortisolism. Treatment options are

discussed itChapers 3and5.

5.0 The Validation of Clinical Practice.

The quality of care is of great importance within daily clinical practice. Health Professionals and medical
researchers continually seek ways of improving the quality of care whilst ensuring that the health policies are
delivered within their departmentalidgets. Clinical audits are conducted to measure the clinical outcomes using
standards which have been set, on the principles of evidesesl medicine. This assists in regularly measuring
clinical outcomes and assessing the competency to practice in each field of health care.

Clinical governancedG) has been implemented since 19981d,1999. Continuous Professional Practi€&PP,

Dearing, 1997) and Continuous Professional Developn@b{Henwood, 2000), weral introduced to ensure

that medical stff continually update their clinical knowledge and skilt$87

All Health Professionals as part of their professional registration must now provide evidence that they are
attending courses and keeping up to date with the relevant regulations which includes tioé¢ p@irice and
conduct set by their professional bodies.

Undoubtedly the introduction of CG has enabled clinicians to be more involved in defining the quality of service
by the development of guidelines and setting standards of cahis was the conduit that changed the
“prescriptive nature of healthcare”, and thus created, “a desire amongst staff to change as a result of benchmarking
and to balance the ideology of an improved clinical service for patiéhts.”

The rationale for disessing CG within this thesis is to ensure that, whilst engagingHeitiith Professionstaff

and CS patientduring the present study, that the guidelines and codes of practice relative for each area of clinical
practice were explored to compare theifatiénces in experiences and opinions.

Since the introduction of CG there have been many changes to the delivery of health care services. The DoH'’s
definition is that “CG is the system through which NHS organisations are accountable for continuousiyngnpro

the quality of their services and safeguarding high standards of care by creating an environment in which clinical

excellence will flourish.’8®
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The views and decisions made by the mdiiciplinary team who are involved witliagnosing and treating CS

and CD are crucial to the successful clinical outcomes. With reference to the surgeons, not only, “surgical skills
alone”, are required but the, “leadership skills of the surgeargordingto Latifi et al 2016.%° In their
publication they described the importance of leaderstrig,how the processes of managing patients should be,

“ seamless,” and how this can affect the overall clinical outcdt&hke authors also discuss hohangehat is
managed efficientlymproves organizational performancéaeteleadership skill@rerequired of today’s Health
Profession staff, includingthe endocrinology teamsvho should be encouraged to adopt a maneative
innovatve, problemsolvingapproach to the delivery of their servicasdnot onlymanage change but also seek

to improve their staff retention. The important roles played by¢ladthcare teammust include leading research
projects which focus ouasing new techniques and techogies for the diagnosis and treatment of CS.

During the present study, the demands of the delivery of endocrinology services, the quality of care and support
mechanisms for those diagnosed with Cushing’satagrvedo appreciate why it can take so lowmgdiagnose

and if and how this service can be improved.

6.0 Cushing syndromeThe Author’'s Personal Journey

The following is an account of my personal journey from diagnosis to treatment.

Diagnosis

I contractedMethicillin-Resistant Staphylococcus AuredRSA in 2007, the source was unconfirmed but
thought to be the result of an infected skin cut. This is a serious illness causing impairment of the lymphatic
system and can weaken the immune system. Shdilyracovery | was diagnosed with Barrett’'s Esophagus
(2008), which is a lifehreatening inflammatory disease and then diverticulosis and irritable bowel syndrome
(IBS) (2009/2010). The latter is often associated with stress which results in inflamfati@ bowel. In 2009,

| suffered a mild stroke which was thought to be the resulypéftension.

Before my diagnosis, | experienced psychological effects which manifested itself, in my case, with bouts of
anxiety, emotionalism, depression and hypomattacks 2014). | was hospitalized for six weeks, and my

Consultant Psychiatrist began to consider that CS was possibly the cause obmgiigp

Prior to being diagnosed with CS, | was informed by my Orthopaedic Consultant that | was sufferisgvieoen
compression of Lumber VertebraeV] 4 to LV5 which resulted in severe sciatica. | had experienced back pain

for three years and my right lower leg had begun to swell and my skin slowly developed faRagkologist’s
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report confirmed that | was suffering from degenerative spondylolisthesis which caused my severe sciatica, a
swelling was also identified in my right kidney. This incidental finding which was an adenoma in my right adrenal
gland resulted in a referral to Bndocrinologist who presibed a dexamethasone blood test, LDDST, AVS, UFC

and salivary samplef,NST), US, and CT scar2Q15).
Treatment

These tests identified that | had CS, the adenoma turned out to be benign, and was subsequently removed. My
right lower leg pain persistethd, following several-xays and eventually an MRI scan, | was diagnosed as having

a musculeskeletal aggressive soft tissue sarcoma. My leg was subsequently am@@a8ed This was not the

end of my surgical journey as my follewp biochemical test MRI pituitary scan and BIPSS confirmed a
diagnosis of CD. | was then referred to a Consultant Neurosurg@dr.( The combination of the biochemical

tests and imaging procedures therefore identified the presendeniga pituitary cyst which wagmoved and

following TSS surgery, | was informed lyear later by my Neurosurgeon and Endocrinologist that | was in
remission from CD Z018). Slowly my medicationHydrocortisong was reduced and in January 2019, my

cortisol levels returned to normal, angids withdrawn from this medication being declared, “cured.”
Recovery

On reading the evidence presented by other Cushing’s patients in numerous research papers, and my attendance
at the PF UK conferenc@19, the diagnostic odysseys resemble many of my own. My Cushingoid features
included truncal obesity, excess hair growth, hypertension, and skin bruising. | also experienced bone pain,
insomnia, fatigue, emotional lability, depression leading to suicidal ideation and gemnemaliyery weak.
Accordingto Law'® 61% of patients are reported has having emotional lab#i8®o of these have cognitive
difficulties. Most of these patients experience a lack of concentration and memory loss anti7éapef cent

of these patients, at least 1 is admitted to hospital for psychiatric care prior to their diagnosié &i@iGar to

other Cushing’s patients, | recognized that my proficient verbal skills were lacking, and | began to lose confidence
in publicspeaking and my academic activities. | was most fortunate in that | had a loving family and colleagues
who supported me through the many dark days of my illnesshi@y diseasand CS can be a devastating
diagnosis for anyone, but young adults are said to be particularly vulnerable to the ridicule and abuse they
experience due to their personality changes and physical appeardiocesl that when my diagnosis was finally

made, | knew nothing about what it really wegh as a patient and Health Professionhé Brief explanation |

was given did not reassure me that | would get better. | felt angry, confused as to, ‘Whyviost of all why
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had it taken so long to diagnose! However, similar to many patients eventually | accepted the diagnosis and it
somehow reassured me that it was this hormonbalance, i.e., my elevated cortisol levels that had driven my
body to expdence extreme pain, disorientation, psychosocial issues, hypomania, facial and body changes. |
found difficulty in accepting the loss of my right lower leg and the painful journey of having to learn to walk with

a prosthetic leg. The post amputation beer, relieved me of the excruciating pain that | had experienced for

many years. My sarcoma has not to date been associated with my Cushing’s conditions.

After my TSS these changes rapidly began to reverse, myesekct and esteem returned albeit sfowThe

effects of steroids and its withdrawal syndrome can affect patients in a wide variety of ways. [bélisrad

articles related to the remission of patients suggest often physicians can be inexperienced regarding the advice
and importance of pi@nt information in what to look for i.e., the expected post illness signs and symptoms and
the unexpectedPatients should not have to wait so long for a diagnosis and thus avoid this tortuous road to
treatment! continue to meet with my endocrine tegearly. Prior these appointments, | have a dexamethasone
blood test, LDDST and an MRPituitary) scan. My comorbidities include osteoporosis and RIAwill always

have a fear of recurrence, but | am dlappy and foundan inner peace, a needp@ss on my experiensand a

passion to raise public awareneddence my desire to use my patient experiences and this is the reason | felt

compelled to undertake this PhD study.

Although this study wa®f a personahature driven by a desire to finchawersasto why | developed CS and

CD, it gave me ainiqueopportunity to comparey experiences with other Cushing’s patients, particuthey
impactfactorsand consequences of a CS diagnody personal experiencadmittedlycould havenfluenced

the narrative within the present studyHowever, my insight into tlkese medical conditions, provided
contextuakation and support for this research study lagipedformulate theresearch methodology, including

the research questions and tiesign of the survey questionnairewould suggest that my personal experience
brought a benefit to this study in terms of understanding of the nature of this condition and a context to the clinical

evidence and outcomes, which helped inform the disseionet this study.

7.0The Present Study Outcome, Aim and Objectives.

The main outcome of this study is to add to the existing body of knowledge through my personal expétigces.

was an evidenebased study, robust in its nature and thought provoking in its processes of uncovering the range
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of opinions of the health care team, the patients’, and the public’s perceptions of this condition and their HRQoL

due tohaving been diagnosed wi@Sandor CD.

7.1 Aim of Study:

The aim of this study was to appraise the current methodology of diagnosing and treating CS and CD and to
evaluate the clinical consequences of the disease processes in terms of HRQoL.

7.2 Study Obijectives:

To achieve this aim, the following objectives are summarized below:

1. Review the current methods of diagisosnd treatments.

2. Explore the consequences of being diagnosed with CS and/or CD.

3. Conduct a HRQoL survey on members of the Pituitary Foundation UK who have been diagnosed with

CS and/or CD.

As part of the HRQOL survey:

4. Establish how aware and informe@#&th Professionals are when diagnosing and treating a patient with
CS and CD.
5. ldentify methods of accelerating the diagnostic processes which may lead to earlier reviews by-the multi

disciplinary teams.

*The recommendations which emerged from the aim and objectives of this study, are listed in Chapter 7,

Pages207-208.
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Chapter 2

Cushing syndrome and Cushing diseas@ narrative review of the past and current literature

1.0 Introduction

Since CS and CD were named after Harvey Cushing in 1902, as previously mentiGhegtar 1 (Section 1.2,

Page 9, of this thesis, there has been a plethora of books and journal publications related to the many reasons for
its diagnosis, subsequent treatments, current clinical practices, and what impact itheslaty lives of its

victims HRQol). To explore these topics a narrative review of literature, was conducted at the onset of this
study.

A narrative review, gometimes referred to as a traditional literature review), is a comprehensive, critical, and
objective analysis of the current knowledge on a topic. The review of literature being @efioeding to Fink,

(2005) “as a systematic, explicit, and reproducible method for identifying, evaluating, and synthesising the
existing body of ompleted and recorded work produced by researchers, scholars and practifibners

This definition summarises the fundamental aim of researchers and the author of this thesis sought to achieve
these valuable core elements of research by desigsingtagic research framework prior to the commencement

of this study. Using this framework, a comprehensive preliminary search strategy enabled a scoping exercise to
ascertain, “what is known and what is not knovimyelation to the research question #mel aims and objectives

of this studyset out inChapter 1, Sections 7.1 and 7Pages 434. !

1.1 Search Strategy

A search strategy requires a focused approach when reviewing a vast range of data. Reference screening and data
extractionrequires a clear methodology of search which invedverocess known as decomposition. This is used

widely by researchers as a method of breaking down a problem into more manageable parts. The author found no
paucity in acquiring published literatureatsd to CS and CD subject topics. The selection criteria were therefore
modified during the review process to be more restrictive, and systematic. This posed challenges as the computer
databases generated a generous body of published material. Henseartte included keywords, subject
headings, Thesaurus searching, and short focused questions which were related to each of the subject areas under
review. During the early stages of the electronic database search, the author studied the hierarchical order in
relation to each topic which assisted in the development of an inclusion/exclusion criterion. This proved sufficient

to cover the review focus and created an awareness that the initial data extraction was the first key step in
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identifying suitable material. This scoping exercise increased the author’s appetite to question the authenticity
and validity of the prime material which emerged from the search. The interdisciplinary nature of the study also
warranted an electronic database search of diffenedical disciplines. The search was undertaken using web-
based search engines as the gateway for accessing academic material. Google Scholar, PubMed, MEDLINE,
ResearchGate, the Cochrane Library, British National Library, Universities of St. Andrewgd)and Cumbria

libraries websites are examples of the main sources used. A range of internet sites were also accessed, examples
being the Department of HealttbgH), NHS, Government statistic databases, Society and College of
Radiographers (SC9RBritish Medical journals, National and International Radiology and endocrinology
journals and conference papers. The author found visiting the universities libraries helpful in allowing access to
current books and journals. Browsing the library shelves hedpedmously in finding new sources of
information and frequently allowed the tracking of the published work of experts in thefielelsamples of
endocrinology, radiology, othéealthcaralisciplines and HRQoL research studies.

This process assisteldet evaluation and analysis of the progress of diagnosing and treating patients with CS and
CD and the constantly evolving changes being made for the delivery of current endocrinology, neurosurgery,
psychology, and radiology services. The mission beingdtuate what impact these changes have made which

has led to the change management for staff, and the matrix of public opinions and patients’ experiences.

Being aware that potential bias might be present when studying the reading material, particblénky avithor’'s
healthcare background and having been diagnosed and treated for CS and CD, she therefore sought to ensure that
each source of information was chosen for its relevance and rigour and not based, “on an argument fabricated to
support a prior caclusion.”??

Bias can be defined as any systematic error in the design, conduct, or analysis of a study. In health studies, bias
can arise from two different sources; the approach adopted for selecting subjects for a study or the approach
adopted for collecting or measuring data from a study. These are, respectively, termed as selection bias and
information bias®® For example, Althubaiti’'s2016), paperliscusses the need for researchers to acknowledge

the, “sources of bias,” and emphasized that this, “is a key element for drawing valid conclusions, bias in health
research continues to be a very sensitive issue that can affect the focus and outcome of invesfigations.”
Information bias, otherwise known assclassification, is one of the most common sources of bias that affects

the validity of health research.

Fisher's 990), theories remain relevant today for current research methodbldgybelieves, “experimental

observations are only experienced carefully planned in advance and designed to form a secure basis for new
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knowledge.™ This statement underpins the author of this thesis belief, that the investigation and observation of
the researchers’ findings, must be pivotal during the process of mgi@veir work. Reading the experiences of
researchers in the field of endocrinology, nurtured a quest for developing this research framework strategy with
the ultimate aim of adding to the existing body of knowledge

In Chapter 3,Pages94-101, the research methods are fully explained and how empirical guidance from
experienced researchers aided this process.

The author believes that information gathering becomes knowledge and that to use the knowledge and personal
experience is a keystone for acquiring evidence and taking actions which would bequgsite for reaching

final conclusions for the present study. Ciritical thinking was indeed a process the author embraced to ensure that
her personal feelings and opinions did not affect thegraéation of the acquired knowledge. The intention of

this narrative review of literature was therefore to describe and synthesise the available knowledge objectively,
thus providing a conclusion from this evidence.

Firstly, however, and foremost was theed to unfold the theoretical evidence on which the research question
fulfilled the aim and objectives of this studyHapter 1, Section 7.1 and 7.2, Pag8s14).

After the initial literature search, the preliminary findings showed a large variation in the volume of data available

in each of the subject topics. The author therefore acknowledged the need to limit the data to manageable
proportions which required finding a balance between sensitivity and specificity. Setting the param#ters for
literature search was therefore necessary by delimiting the boundaries to retrieve relevant studies, whilst ensuring
that the search terms would be recognised by the vocabulary of the database, i.e., key words and additional words
where appropriate sgpreviously explained. The search was restricted to articles written in the English language.
*Readers of this thesis should note that a critical review of the literature wasgaingnprocess which was

undertaken throughout the entire PhD study.

1.2Summary of Results from the Literature Searches for Chapters

The initial literature search for the Chapters yielded &8itles and abstracts related to CS and CD. After
screening, 3Dfull-text articles were reviewed for eligibility. The referencediated foreachChapterin Pages
209224and theRecommendatiorend Limitations Chapter, Pages207-208.

The following sections present a narrative review of the past and current research and synthesises the information

retrieved in the literature search.
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2.0 HealthRelated Quality of Life in patients with Cushing syndrome and disease.

Numerousstudies ger the past few decades have sought to establish the reasons why CS and CD patients
experience a significant change in their QoL post diagnosis. As discussed in Chapypertortisolism
significartly impact on a patient’s health andubsequently orheir HRQoL** Remission following cure of CS

does not eliminate these systemic complications completely. Pivonello 2088, HRQoL paperfor example
discusses abdominal obesity, systematic arterial hypertension, impairment of glucose tolerance, dyslipidaemia,

and thrombotic diathesis, which increases cardiadmi€kS patient$®

2.1 Remission and Recurrence

Pivonello et al continued thetRQoL studiesn 2007 anddescribed remissioim their papeas a normalisation

of cortisol lewls and for some patientee occurrence of hypercortisolisnequires specific replacement
treatmen®® This recovery therefore can show improvement but can result in complications which can develop
post remission and over time persist. These complictifmlowing successful treatment are responsible
therefore for the relevant impairments which are experienced by CS/CD patients post remission. Pivonello et al

interestingly describes this as the “Cushing’s Cure Syndrorffe.”

Figure 7is Pivonello et als exemplary schenté.
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In 2008, Pivonello et al wrote a folleup paper which discussed the prognosis of CS and acknowledged that this
is mainly affected by the diagnostic challenges presented in each individual Fatient.

In 2016, Pivonello et al continued to emphasise the need to speed up treatment for CS patients to avoid the
detrimental effects of hypertension whose multifactorial pathogenesis contributes to the risk of cardiac failure,
myocardial infarction, and strok#. patients develop lifehreatening conditions these can be, “exacerbated by
prothrombotic diathesis and hypokalaemi&' These authors also highlighted that CS remission can also
exacerbate underlying autoimmune disease and recommended, that qeatkasrt of excess cortisol could lead

to a reduction in these serious complications and reduce the mortality rates, this being reflected in all their
publications®® 9 9798

Interestingly, earlier, Tahir and Sheeler’s in their 19@2ly, reported a remence rate 020% and previously,

Pieters et al in their 1989udy reported that 25%f their remission patients relapsed after 4.5 years for TSS
surgery®®.100

However, Rees et al in 2002 showed that in their-tengn follow-up studyof 54 patients’ postemission after

TSS, found that the initial remission rate was 7¥ith the median followup of 6 years showing only a 5%
recurrence rat&!

The remission and recurrence rates post TSS for CS patients, according to Semple arRDOHrteaies from

64% to 93%. This paper reported on the resftilidings of the success rates of TSS by reviewing many
publications. Their findings revealed that the rates of remission differed betweetesmoid longterm follow

up and that the postoive remission rates varied betwegdfoto 93%1°?The differences in remission rate
percentages reported in this paper, however, vary between authors. SonirgD@Bafdqr example, similarly
reported that the cumulative percentage of patients r@mgaim remission after 2 years was 93t after 10

years this had decreasedrafo1%3

Blevins et al previously in 2009, found that CS patients in initial remission experienced a lower rate for
macroadenomass{%), than microadenoma®91%), and the recuence rate was higher for macroadenomas
(35%), than microadenomas being% %+

Valassi et al conducted a retrospective case series at 3 tertiary care centres to study 620 TSS patients who did not
experience posturgery remission and on biochemical testing did not show a decrease to normal or low cortisol
levels without requiring further therapy,9822007).1% The data was divided into 3 groups i.e., delayed control
group, normal group, and an immediate control group for analyses.uidwre classification was based upon

the postoperative pattern of cortisol testing. Recurrence was foll3d4of the studies at a median follewp
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of 66 months post TSS, the cumulative rate of recurrence at 4.5 years was found to be significantty thigher
delayed control group vs the immediate control greiBous 14%; P>.0R The delayed control group being, 35

of the 620 patients who had early elevated or normal UFC levels. These patients had developed a delayed and
persistent cortisol decreasdesfan average of 38 50 postoperative day8® The immediate control group
contained 437 of the 620 patients with hypercortisolism and/or cortisol normalization throughout their post
surgery followup. Over 23%of the normal control patient group exjgeced persistent hypercortisolism. The
authors concluded that biochemical testing post TSS could be, “misleading,” as remission can be delayed in some
patientst®* Similar to other authors, Valassi et al recommended continuous fofjofer CD patients ah
suggested that this may avoid unnecessary further treatment and recommend optimal timing to determine the
requirement for further therapy pesirgery:°®

Hugeut et alZ015), reported that TSS with immediate pogerative remission rates, ranges frodfcdo 94%

and recurrence rate3% to 46%10

These figures quoted in the various papers, however, are difficult to compare. The limitations being the definition
of remission/recurrence criteria, the length of foHoprwhich varies between centrasd the study population

in terms of numbers and severity of the disefiseexample micro vs macroadenomas.

An interesting retrospective analysis of 61 patients with CD post TSS, was conducted by Serban et al, and
published in 2019%” The aim was t@nalyse the recovery of patients from adrenal insufficieAty (The strict

criteria included age, presence of Al, follays 2 months posturgery and a minimum followp of 3 years after

their surgery. The study findings reported that 184%), patieris had a recurrence after 6 yearediar) post

TSS. The patients who had restored adrenal function did so after a median time of 19 months, with a significantly
shorter time in the recurrence grod®.6 vs 25 months, P>.008). However, all 10 patients @#perienced
recurrence did recover adrenal function within 22 months. Al recovery rate at 3 years was found to persist in the
remission grouf37.3% and 55.8% at 5 yearsih all patients the duration of Al was negatively associated with
disease recurree. These findings suggest that the length of-poggical Al in patients who experienced
recurrenceCD is significantly shorter than patients with persistent remitted CD. The authors suggested that this
could provide, “a useful predictor of recurren@ntl recommended that surveillance of patients showing a normal
pituitary-adrenal axis, with 2 years pesirgery, must be conducted, as they may have a higher risk of

recurrenceé?’
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2.2 Evaluation of HealthRelated Quality of Life in patients with Cinéng Syndrome.

Webb et al, in 2008 designed, a disegigecific questionnaire to evaluate HRQoL in patients who were diagnosed
with CS. The authors named it the CushingQoL questiontfdir@his gquestionnaire is now widely used in
Cushing’s studies; their rationale for designing a specific questionnaire was that they felt there was ro disease
specific questionnaire available for these rare conditions. In their papeatkegwledged that pvious
researchers had used the Hospital Anxiety and Depression ldéddS( the General Health Questionna@,

the World Health Organisation QoL questionnaWeHOQOL-BREF), the SBB36 questionnaire and the Social
AdjustmentSale SAS1 and SAR2However, theauthorstook the initiative to design their own which they felt
reflected “aspects of greatest concern for the patients,” and used a scoring system to measureth& @oL.
validate this questionnaire, Webb et al conducted an internatioreal/alienal crossectional study with a study
population of 125 patients. The aim of the study was to conduct an evaluation of the psychometric properties of
the CushingQoL questionnaire, i.e., its validity and reliabgibd its correlation with the diical parameters
relevant to patients with C88

The range of questions were extensive, and the experience of previous studies had assisted in the compilation of
their questions which covered both physical and psychological conditions pre, during and post diagnosis. The
main results demonstrated the length of time for diagnosis was betveeonths to 24 years. A third of the
participants felt that they were not experiencing good hed#tof themdevelopedseveral medical conditions

which includedDM, high blood pressure, depression, and osteoporosis. On comparing the CushingQoL score
with the patients selperceived general health status and dimensions of tH&6Sthe results demonstrated a
significant correlation® >.001, Pearson correlation aefficient= r.593. A Linear Aggressionanalysis test

results showed that female patients’ health was poorer than the males and patients who had been hospitalised and
had experienced hypercortisolism showed a worse score in the CushingQoL questionnaire, experiencing
psychological and cognitivehanges. Limitations were due to the time frame, which was short for a longitudinal
study, which if conducted over a longer periadght have altered the QoL score as patients can improve or
deteriorate over time. The authoc®nclusion was that the €hingQoL questionnaire wa¥easible, reliable

and valid instrument for measuring HRQoL in patients with CS; the short unidimensionality contributes to
facilitate its scoring and interpretatiod® The scores correlated with the clinical parameterthignshort study

but longitudinal studies would validate the usefulness of this questionnaire, this being recommended by the

authors.
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2.3 Impaired quality of life in patients in longerm remission of Cushing’s Syndrome of both Adrenal and
Pituitary Origin.

In CS HRQoL research studies, the main aim is to evaluate thedongeffects from being exposed to high
levels of cortisol which ultimately redu¢¢RQoL in patients with CS5 108

Wagenmakeset al, in their 2012 paper, discuss the impaired Qopatients in longerm remission of CS of

both adrenal and pituitary origin and reported on their remaining effects oftanding hypercortisolism. These
authors stated that, “the determinants that cause impairegdongremission of CS are unknowrt®® The
Wagenmakeret al study differed from the Weblet al study as 7 validated questionnaires, including the
CushingQoL questionnairavere used. The aim of this study wagytin a greater understanding of the disease
characteristics which impact on CS patients QoL-pastission:®® The background to this study was a result of

the authors having studied previous QoL studies but found that they had major limitations. These srokitied,
study populationgQoL was not the main purpose of the stutigre were no control groups, the questionnaires
were unvalidated, missing data regarding the characteristics and no details as to the biochemicgd.follow

The authors also acknowledged that most previous research had only investigated QoL inrpegiaigsion of
pituitary CDand these studies did not include patients in remission of adrer& CS.

However, they did mention in their published report, the Tiemensa et al, 2011 study which discussed the negative
illness perceptions associated with impaired QoL in patients aftertéomgremission in CS. Tiemensa et als
publication describehow 11 @5%) of their patients who had been treated by adrenalecttwagd that after
long-term remission of CS, they unfortunately reported more negative illness perceptions when compared with
patients with other acute and chronic conditibifis.

Similar to the Web et al, and Tiemensa et al studies, the Wagenmekal study was a national cressctional

study with a study population of 123 patierit®8§ women, 17 men), all of whom were in remission. To compare
the biometric and socieeonomic characteristicd the patients and the control groups, unpairezbts and ©

tests were applied to the data. The authors also chose to apply the Kuadlimlrank test of equalitgf-
populations to compare the results of the 7 questionnaires. This test is a valid method of testing the data which
has emerged from the result oveml questionnaires where the results do not have a normal distribution. By
applying multiple regression analysMRA), to the data for example, where there are differences in the duration

of time in remission, age, sex, significant differences can lieetefined as a P>.0&alue. The results of this

study showed that 80%8 the patients were in remission from pituitary CS. A tot@3%6of them had undergone

TSS. Bilateral adrenalectomy had been performed ondf2¥e patients and onl$% had RT of he pituitary
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gland. Approximately49% of the patients had experienced persistent or recurrent hypercortisolism and/or
developed Nelson’s syndrome. The latter is a rare disorder than can occur in CS patients deenmadhef

the adrenal glandsAn edimated15%-25% who undergo adrenalectomy develop Nelsorlmfortunately, for

patients who develop this condition, the pituitary tumour continues to enlarge. In the Wagenmakers er al study
51%of thepatients in remission of adrenal CS and who hadtendbadrenalectomies experienced partial or total
hypopituitarism, even though they had been treated for pituitary CS. Blood tests taken during this study showed
that the hormonal deficiencies due to any cause, including pituitangnal insufficiencis following surgery

and primary hypothyroidism remained presen®%%6 (n=81) of all patients, 4 having been treated for adrenal

CS. A contrasting result showed that 7é%474), patients who were in remission from pituitary CS, the presence

of Growth Hornone deficiency GHD), was present iB3% of these patients. All 7 questionnaires demonstrated

that the QoL in all patient groups was lower compared with the health control groups. TH&SRpgtionnaire
however, revealed that there exists a significant difference between the patients and the control group when it
came to their educational level, which resulted in a lack of earning potentrabrasof the G patients were

unable to work. The CushingQoL questionnaire score showed similar findingsRartd86 compared with the

overall results of the Webb etstlidy®® The length of remission was found to affect the patients QoL in several
dimensions, the longer in remission the better QoL. The female population in this study scored a worse QoL score
compared with the men in remission in approximaf@yo of the items dthe QoL questionnaires.

This was a complex study in nature due to the number of questionnaires. However, comparing the different
elements contained within each of the 7 questionnaires allowed a comparative amalgam of constructive
information for future QL CS studies. The experience of previous QoL studies had focused mainly on patients
in remission of pituitary CS, but none had specifically compared patients idongemission of both adrenal

and pituitary origin. Although Webb et al in their 2028dy compared 18 patients with adrenal CS and 107 with
pituitary CS, they did not find any evidence of the difference in the QoL between the two groups. This as
previously mentioned, was a short, diseggecific study and may account for their resulstably, their results

concur with the Wagenmaker et al study in that no difference in QoL was found between pituitary vs adrenal

patients'®This cannot be conclusive however, in terms of equality in these studies populations.
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2.4Incidence and late prognosis of Cushing syndrome.
Lindholm et al in 2001, assessed the late outcome of CS, particularly in CD duringarXeriod in Denmark.
The results showed that, “the incidence wasll7Z2million/year CD), 0.6/million/year &dreral adenomasand
0.2 million/year &drenal carcinomp” 1
The Lindholm et al study found that other conditions of CD were rare. Interestingly, Wagenhetakér
referenced this study in their 2012 publication and commented that although the results from the lehdholm
study were, “sparsktheir findings however, showed that patients with a malignancy increased the mortality ratio
and that the excessamtality rate was mainly found in patients in their first year of being diagn&8ed.
The inherent weakness of the Lindholm et. al study was that there was no direct comparison with age, or a sex
matched control group and lacked details of the patiefitétal characteristics. Wagenmaget alstudyhad
concluded that patients in loitgrm remission of CS regardless of the presence of hormonal deficiencies,
treatment regimens and aetiology, had impaired QoL. The latter authors suggested that theukitaetorial,”
reasons for this and they, “remain uncfeandrecommended that additional research into the QoL in patients
with long-term remission of CS would, “provide targets for interventions that can improve their ¥bLhis
comprehensivegsomparative review of previous studies undoubtedly added to the body of evidence, i.e. that long
term hypercortisolism can cause, irreversible damage to the human body which includes not only cardiovascular
disease but also inflammatory conditions which oaly be measured over time.
A previous study conducted by Barahona et al, in 2009 for example, investigated abdominal fat in CS patients in
long-term remission, as in active hypercortisolaemia with consequent unfavourable adipokine profile. This state
leads to what is termed as kgrade inflammation and subsequently increases the chance of cardiovascular
diseasé!? Interestingly, QoL studies up until 2009 had mainly concentrated on the causes of CS and identified
the causal effects.
Researchers clegrtecognise that the comorbidities due8/CD, creates a raft of physical and psychological
differences within individual patients. To find an accurate, reliable instrument to measure, HRQoL and to
understand the precise mechanism by which Cushingstafain individual, several researchers during the early
2000s began to concentrate their studies on individual physical and mental changes in the activaeiag non-
phases of these rare diseases.

x The following sections present papers which concentmatsome of the individuabmmon signs and

symptomsand how they affect tHédRQoL in Cushing’s patients.
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2.5 Quality of Life in Obesity and Cushing syndrome patients.

As previously mentioned,ne of the clinical signs of CS is an increasaldominal fatA direct comparison of

QoL in obese®B)and CS patients was the subject of a study conducted by Abraham et al #32013.

Patients presenting with OB can often be diagnosed as genetically induced-eatmwgmand therefore this can
createa medical challenge for physicians with the question of, “whom to screen fot'€S.”

Prior to this study in 2009, Baid et al published a paper which discusseshecificity of screening tests for CS

in overweightpatientsandthe OBpopulation. The fidings demonstrated that by screening OB patients for CS
showedl6%falsepositive results!!

This study was followed up by Tirakioglue et al in 2010 whalied the frequency of CS in patients who were

OB but did not present with any other clinical signs of having Cushing’s, but often present with psychological
conditions due to their weight® By screening CS and OB patients biochemically, they found that there was a
significant proportion9.349%j of their patient populatiomg150) with simple OBwho hadCS. This led to the
recommendation to screen OB patients routinely to establish whether they had CS. This was a unique study and
identified that previous studies had not directly compared the HRQoL of OB patients with CS pitients.

It is medicallyaccepted that OB and CS patients experience similar medical conditions with subsequent impaired
QoL. The determinants found in OB patients for example, is their intolerance for exercise, pain, cardiovascular
disease and often the development of DM.

The stidy conducted by Abraham etinl2013 consisted of 327 OB patients, showing at least 2 of the typical
Cushingoid features were recruited in an outpatient waigintagement clinic in the Washington DC rsamgical

clinic. The study population age range wb&75years Those excluded from the study were patients
below159kgs, the maximum weight allowed on the imaging tables, serum creatinine 02mg./dl, pregnancy, and
any serious medical conditions affecting GC physiolg@p series of biochemical CS testeme performed
including the ODST, UFC, the measurement of INfid their Body Mass indeBMI) measurement. The SF

36 questionnaire and locally created symptoms questionnaires were used to evaluate their HRQoL with the aim
of assessingnydifferences between OB and CS patients.

The SF36 applies 8 sulscales of HRQoL; questions inclydghysicalfitness and rolgpain, general health,

vitality, social functioningemotional stategndpsychologicahealth!'*On completing the SB6, the @rticipants

then completed the locally developed symptoms questionnaires which asked them to explain their signs and
symptoms. Both quantitative and qualitative analysis were performed on the data. For assessing the difference

between OB and CS patienterh the SF36 subscald;tests were applied to examine the component scores. The
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differences in age, sex, BMI, biochemical test measurements, percentage of symptom count and DM were
evaluated as potential covariates ame included in the full modelt $hould be noted that this was only if they

were significantly associated with the physical component summary s&&€&s and the mental component

scores MCS in OB vs CS patients.

The analysis of covarianceANOVA, was also used to test the differences between OB and CS patients to
establish any significant difference in each of these. The study sample was then analysed to assess the between
group differences in the demographic variables which were examined usstg ter continuous variablescan
c?analysis for categorical variables. A high score was a better QoL. The results were clearly reported. OB
patients were found to be significantly older, with a higher BMI than CS patients, the latter group however,
showed a higher prevalence of DMhis is a surprising result as DNIype 2, is claimed to be the most common

form of diabetes and is currently a major worldwide cause of morbidity and moriiitisis type of diabetes is

most common in patients with CS. Patients with type 1 dialadésesmay develop Cushing’s. following their
diagnosis or if there is difficulty in controlling pexisting diabete&

According to Lawalmost75% of CS patients develop an insulin resistance or glucose intolerance. Prevalence
of diabetes can be weten20%to 47%of patientstherefore if they do develop diabetes then this has a profound
consequence on their therapy options and prognésis.

Biochemical testing for DM poses challenges in CS and CD patients due to the possibiitiigiaferpretation

of markers of cortisol hypersecretioit®Due to the complexities associated with controlling hypersecretion in
active Cushing'’s the therapeutic treatment must be chosen carefully for each individual patient. The presence
of DM, accordng toMazziottiet al 017), is said to be significant when referring patients for medical therapy

as drugs can have a variable influence on glucose homeostasis, regardless of controlling hypercti&isolism.
With reference to the Abraham et al studyf 3he OB patients only completed 1 of the CS tests and their results
were negative. The remaining patients were thought to have a low probability of having CS; 72 of them having at
least 1 abnormal screening test result. However, on further testing none of them were diagnosed with CS. The
surgical pathology confirmed that out of the 66 CS patients, 49 haéfOibferences were found to be significant

in 22 of the 39 individual symptoms between OB and CS groups with all 22 being more common in thgCS gro
Post adjustment of the symptoms count demonstrated that the OB patients results showed a significantly higher
mean PCS score than the CS patients which indicated that they had a better IPRQO6L)(The MCS score

for the OB patients however was lowshowing a poor HRQoLP&.0001). Notably, the Abrahaet alstudy

provided relevant information and suggests, that it could be beneficiayticRns who are seeking to find an
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individual patientspecific plan for the management of weight loss for OB patients, and that CS should be
consideredsthe differential diagnosis. This study also showed that CS patientsifaifecantly poorer physical
HRQoL when compared with the OB patient$he main strength of this study was the comparison of these 2
groups who presented with similar clinical appearanbes significantly different aetiologiesunlike the
Tiryakioglu et al study, whereby no clinical signs were identified in the OB patiBmsmeasurement of the
level of emotional tolerance in OB patients was thought to be the key to their treatment segionding to
Abraham et al. A limitation however being that the results demonstrated insufficient data regards to the
psychological impirment(s), particularly depressiéis:

This study was similar to the Valassi et al study in 20Hich found that depression in patients was less
documented in previous QoL studié&The latter study used the CushingQoL questionnaire score farssagn,

this being a negative predictor. However, for example other vesisibid as a delay in diagnosis, hypertension

or DM did not significantly affect the type of measurements applied to thé'@htterestingly, the Valassi et al
study also showed that significant weight gain in CS patients was found iof8@&tnen compared wit62%

of men P>.01).1%/

When a patient presents with a clear diagnodigsieians can choose from many protocol references that
prescribe the necessary treatment. However, in the case ofh€6,the patient presents with a symptom, as is
often the case, théhysician needs a resource which is veetjanised, straightforward and contains manageable
information that will expedite the appropriate differential diagnosis. matEesenting therefore with GiBuld

be an indicatorwhich may lead to the diagnosis of C3he Abraham et al studyrecommended the QoL

guestionnaires should be of interest to Physicians and used to assist in the screening of both CS and &B patients.

2.6 DiseasesSpecific Quality of Life evaluation and its determinants in Cushing syndrome: What we have
learnt?

Since Webb et al designed the CushingQoL questionnaire in 2008, HRQoL studies have steadily ifféreased.

A prime example is the Badia et al study published in 2014. This study was in the form of a review whose purpose
was to summarise the characteristics of 7 QoL studies which had used 2-simfe questionnaires, the
CushingQoL and the Tuebingen €15 questionnairét®

Thecharacteristics of these 7 studies wertha)determinants of the diseaggecific HRQoL in patients with CS

andb) the impact of treatment for CS on diseapecific HRQoL. Interestingly, he results found that the 25

items within the Tuebingen GR5 questionnairgrovided a study of technical literature and enabled patients via
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interviews in their study, to rate theireNrosurgeonsEndocrinologists, and a eédiropsychologist:® The
subdomains of, depression, sexual anxiety environment, eating bekawodily restrictions and cognitive
response optiowere measured on afint Likert scale having a 1D00 scoring scale. A higher score
representing a lower HRQoL. Their overall findings revealed that studying the clinical factors showed, for
example,a possible association between UFC levels and disease specific HRQoL. Currently, according to the
ERCUSYN, the diagnostic criteria that suggest CS, is that the UFC levels are greater than the normal range when
testing the assay serum cortisol measureniéhts.

As discussedor examplejn Chapter 1 Section 1.8.1, Page4e) a weakness of the UFC test is that the daily
variations both methodologically and physiologically can influence the résults.

Caloa et al previously in 2012 conductetP?amonth, 3 phase study, which was reported in the Bedireview,

of pasireotide in CB* Pasireotide is said, “to be a potential therapy, has a unique broad somatestgitor

binding profile, with high binding affinity for somatostatieeeptorsubtype 5.*'° Caloa et al described the
participants in their study as having a measurable pituitary tumour on MRI baseline. After 12 months of treatment,
12 patients showed that, “the mean percentage change in tumour volughé%e85% ClI,-46.3 to 280), in the

600-mg group-43.8%(95% ClI,-68.4 t0-19.2), in the 900mg group & The UFC levels showed that out of 72
patients 46%), with the uncontrolled hypercortisolism during the first 2 months of medication, hypercortisolism
remained uncontrollechd in 66 of those patients, 6 mon#rgicontinued in 64 patients after 1 year. The adverse
effects of pasireotide varied and was reportdeeaggsimilar to the other somatostatin analogues, examples being
gastrointestinal symptoms and gallstoiédore serious effects included hyperglycaemia and DM which was
found in31%and7% respectively. A total of 118 patients had a hyperglycaeaizied adverse effect and 6%
resulted in them discontinuing their pasireotide treatment. The study concludegigbatprtisolism was reduced

in patients with CD and that pasireotide treatment could be a potential agent as a-gipeitéfiy treatment for

CD 1™ Although Badia et al admitted that the Caloa study was another example of a small population study
(n=162), it proved to be a useful form of testing. The recommendation from this study was the need to conduct
regular blood tests and monitor UFC levéfs,

Extrapolating the findings from each of the 7 studizlia et al concluded that active Als, recent diagndass (

2 year3, depression, active hypopituitarism were factors which affected the CS patients resulting in a lower QoL
score. Interestingly however, that there was at that time no cefielence which showed lower QoL based on

the impact of aetilogy or signs and symptoms associated with"€SA limitation in each of the 7 studies was

the small population and previous studies had found that this was not always the case. The ERCUSYN data
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demonstrated for example that TSS improved QoL sigmifigaparticularly 12 months posurgery!'’ This
concurred with Santos et @012), whose study investigated the psychometric performance of the CushingQoL
guestionnaire in conditions described as, “real clinical prattoe found that post TSS patients had an improved
QoL 2% Badia et al found that 3 studies included repeat measurements with the CushingQoL questibiufmaire
examined the impact of different interventions on patispecific HRQoL*'® However, when this paper was
published ndongitudinal studies had been performed using the Tuebinge@5Cquestionnaire. One main
finding demonstrated however, that there was clinical evidence which sujtiestelevated UFC levels are
associated with poor QoL resaly in physicaland psychologicathangesNotably, his has been highlighted
within other CS QoL studigd” 1206

The forementioned authors recommended that further studies are required toracgairebust evidence into

the signs, symptoms, and aetiology of diseapecific HRQoL questionnaires to establish more significant
conclusions. In terms of clinical factors there was certainly evidence for an association between UFC levels and
diseasespecific HRQohowever the strength of this association varied between studies. Until 2012, the HRQoL
in CS patients were shown to have subsequent consequences even those patients in total remission. Generic
health questionnaire§GHQ-28, GHQ12), 12items did not address specific problems related to CS and these
problems can be, “sensitive to clinical changé&”

Arguably, the CushingQoL questionnaire, however, is specifically designed for CS patients and this is
demonstrated in the success of the Cat&@anto$’° and Valassi’studies. Santos et al for example suggested,
“the CushingQoL questionnaire shows good tesést reliability and sensitivity to change in clinical practice
conditions.”2°

The Tuebingen CE25 questionnaire is also a feasible instrument to assess HRQoL in CD in a clinical and
investigative setting and gvides normative data for all age groups and gentférs.

Both questionnaires demonstrate feasibility, reliability and are valid instruments for both physialbgy

psychometric measures of the HRQoICS studies.

2.7 From First symptoms to Final dignosis of Cushing disease.

A study in 2015 conducted by Kreitschmafindermahr et al focused on how long it can take to diagnose CD
using the experiences of 176 patierts. In their publication, the authors discussed the prevalence of CD as
quoted in the Excabe et al, 19%%study and how Lindholm et al in 2001 had studied the mortality and morbidity

and the late prognosis of C. KreitschmanrAndermabhr et al therefeconcentrated thestudy onthe length
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of time it takes in diagnosing CS and the legacy which this condition leaves post diagnosis. This retrospective
study was conducted B large German Neurosurgical University referral centres, over a period obrithan
(20132014)1% This research compared 2 groups of patients using-eepelfted questionnaire to establish how
informed medical doctors are regards CD and patients who had eventually had a confirmed diagnosis. What
emerged from this paper sugtethat there is a common theme which flows throughout CS and CD surveys, i.e.,
that there exists a lack of awareness regarding the signs and symptoms of CD, particularly from GPs and patients.
This study included a rural population wherefihdings showea significant difference between the patients in

this groupwherebysome patients consulted up to ByBicians before a diagnosis of CB>05). It took an

average of 0.9 to 2 years, befdhey soughtmedical advice an@9.9% of the 179 patients wereventually
diagnosed by afindocrinologist. Many patients described their, “general discomfort,” as a symptom, which
could be suggestedurtures a sense of confusion whehysicians, particularly GPs make their clinical decisions

as to where and whom they should be referred. Patients reported, “isolated symptoms,” and this prompted their
GPs to send them to a particular medical specialist and occasionally it was they who made the CD dfagnosis.
Unfortunately, there are limitations to this study ethincluded, Bysician bias particularly with regards to
women who present with physical changes, example weight gain, mood swings and on occasions they reported
that they were, “dismissed or belittled?® The authors recommended that further research was required to study
the difference between the, “salfidproxy observed symptoms which did not result in different diagnostic
latencies between males and femalé$.The overall results with regards to the median of 2 years from the on-

set of CD symptms were found to match those of the ERCUSYN datatiase.

In summary. The Kreitschmamfndermahr et al study sought to obtain structured informatiomhyrthere is a

delayin diagnosingpatients with Ctandhighlighted the broad variation of the-eat of diagnosis and the urgency

of aquicker diagnosis for CE?3

Interestingly, Bolland et al previously in 2011, also conducted a retrospective study but it differed in that it was
a, “symptomonset study conducted by Rysicians based on chart records and demonstrated that more than half

of the patients were diagnosed within 1 y&ar.

2.8. Neuropsychiatric Disorders in Cushing syndrome.

In 1952, Starr wrote a paper regarding personality changes, depression and mental disturbances which were

repoted as being often observed in CS patients, albeit only, “causal references,” weté®nadlgis paper, he
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referred to Maclay and Stokes and Schlesinger and Horwitz who, “were among the first to suggest specificity in
the relationship between psychosind endocrine dysfunction,” in 8128

In 1938, Maclay and Stokes acknowledged that, “both the endocrine state and mental illness may be expressions
of an underlying cause, either of pathological genetic disposition or an environémentatfi®dchulesingeand

Horiwitz in 1940 had theorized that, “mental symptoms may be a direct manifestation of the underlying specific
endocrinopathyalthough the mechanism of their production remains obscidfe. These theories have evolved

over the years, and formed the basicwifrentclinical practice whereby patients presenting with depressive
psychoses should be tested for G®wever,this issadly not always practiced and therefar€S diagnosis is
missed.

It is now well documented that excess Gfas lead to both, “structural and functional changes in the central
nervous systemQN9, which are mainly based on brain atrophy,” accordin§daio et al 2010. '*° These
changes unfortunately generate neuropsychiatric disorders. Forget et al fior2@&mple, studied the long-

term cognitive effects of GC excess in £5Pivonello et al also in 2015, conducted a brief mini review of the
commonneuropsychiatri@and neurocognitive disorders observed in patients with endogenous CS during active
disease and their development after disease remiSsibinis mini review explored the disorders that impacted

on patients QoL with the aim of highlighting the importasie rof longterm follow-up in terms of diagnostic
assessment and treatment succ@s® review also focused on the careful periodical investigation of psychiatric
and neurocognitive disorders in the management of CS. The authors found that majorotefpgsiin CS

patients is thought to be induced by stress and an¥iety.

As previously mentioned, regardless of etiology there are several psychiatric and psychological issues which in
all probability are due to an active hypercortisolaemic state.er®atin longterm remission find that their
cognitive function improves but in some it can deteriorate thus effecting their QoL and tigeingrireatment
regimes. Unfortunately, there is evidence that even post treatment irreversible physiologicaléntpzan lead

to psychiatric and psychological problems and may result in a reducedd@pkessive symptoms in some cases

can havesubtleto-severe cognitive decrementgt 108 0998

Neuropsychiatric conditions were originally observed by Harvey @gshihen he noticed that his patients
experienced mood swings, irritability, insomnia, and reduced libGt@after 1, Section 2, Page13). The
Pinovello et al review therefore served to remind Health Professionals including the endocrinology team, the
importance of recognizing not only physical signs but any psychological changes early when diagnosing CS and

CD .3 The high prevalence of neurocognitive and psychiatric disorders can, according to these authors cause life
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threatening impairments $0%-60% of the CS population. Hypomania, mental disturbances, anxiety attacks,
depression and suicidal ideation are reported in some of these patients and by many CS researchers who have
studied the HRQoL in C&ndCD patients® 102 103 106 108 113 119 1250 127 128 130 131

Moraitis et al published a paper in 2017 whiatknowledgedhe increase in CS research studies and focused on

the effects of glucocorticoid receptof3R), and their involvement with the “physiological changes with metabolic
syndrome and ceiita psychiatric illnesses.*®? This paper discusses the impact on the pathophysiology and
development of CS and CD and are presented in a review of how it can be affe't®Rl iyitations on metabolic
syndrome and psychotic depressiéit.” The review discusses howrgic polymorphism ofhe GCs, and the

large array of GR related cofactors can directly or indirectly affect the pathophysiology and evolution of these
conditionst®? The GR polymorphisms can therefore increase the sensitivity or resistance to Gssazah

directly affectpatients psychologicatate,in a range of differentomplexways, as previously discussed.

2.9 Using subscales when scoring the Cushing Quality of Life questionnaire.

CS and CD presenthisicians with a set of questions which could be suggested as having several competing
epistemologies and ontologies. Answering questions in HRQoL studies are dependent on the habituation nature
of an individual which can often create unreliable data. How to numerically evaluate HRQoL is complex as the
guestionnaire instrument must reflect all aspects of the disease processes and how it affects QoL. Prior to
commencing their 2016 study into the use of subscales when scoring HRQoL for patients experienténgnlong-
remission, Tiememsa et al studied different scoringstems and compared their performanceléternining

which method of scoring was optimal for the Webb et al, CushingQoL questiotiiaire.

Prior to their study and similar to the Webb et al study in 28@8d other QoL studies, researchers in the early
2000s, had reviewed other HRQoL studies, including the WHO QoL study which recommended in 1995 that QoL
studies, “should be “treated as a mditinensional construct containing aspects of QoL referring to physical,
psychological and social issue$®* Webb et al for example, had recommended, uliegglobal score when
assessing QoL ovex period oftime.1%8 However, the disadvantage of using the WHO global scoteatsall
constructs are combined in thbal scores, therefore this makes it impossible to extract the information which
reflects the different dimensions of Qdf?

The Tiemensa et al, 20% study accessed the CSRF database of Cushing’s members. A total of 341 members
(female=305, male=25, unknown=11), aged 18 plus years accessed-lim@ eersion of the Webb et al

CushingQoL questionnaire which as previous mentioned, contains 12 quediiohsask the participants their
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clinical characteristics. These questions were analysed usippiatd_ikert scale. A demographic survepns

also usedtontaining 20 question®art 2), which asked for details of their physical and psychological changes
and if CS had an impact on their social activities. The scoring system ranged fi@®, Bdower scale indicating

a poor QoL. The data was split into 2 separate data files so that they could fully examine the possible scoring
options for the CushingQoduestionnairé3?

An exploratory factor analysi€FA) was used for the first file tdetermine scale dimensionalifihis is applied

when there iiardly ever, ono knowledge known about the dimension of a medstire.

This form of analysis is used when a large, complex set of variable data is gathered. A confirmatory factor analysis
(CFA) was also used, “to test the hypothesis about generalizability of scale dimension as well as to compare
alternative scoring optionst®3The results of the EFA alysis revealed that 2 subscalpsychosocial issues and
physical disabilitiewereoptimalwhencompared to the global CushingQoL scb¥d he third subscale(obal),

made it, impossible toompare thghysical problems from psychosociales.*® The published results showed

good examples of the potential benefits of usinguBscale options of the CushingQoL questionnaire in
comparison with the global scores. The mefitelvas assessed to establish the degree to which each scoring
method for the questionnaire reflected the CSRF members responses to the questions. A notable example of these
results was the CFA coefficient related to the question of pain where the single global coefficient was 0.717, and
subscale dsychosocial issues was 0.716 shayiherefore a significant difference in the resBit.05). A
comparative fit index Table demonstrated that Hse&e option was found to significantly improve the detail of
information in comparison to the total score model for the CushingQoL quasiie when compared with the
two-factor model. The benefit for clinicians who wish to use this model of questionnaire was displayed in a
sample of 9 scores which was also shown in a Table which demonstrated that by ussrathe i conjunction

with the global score helped to evaluate the QoL. Tiseake CushingQolL showed, “good psychometric
properties,” particularly for the evaluation of physical and psychological condiffbdsing their 2011 study
experiences, this was the first CushingQoL survey conducted to explore different scoring options for the Webb et
al 2008 CushingQoL questionnaifé 133

The Tiemensaet al crosssectional studg aim was to explore illness perceptions as potential modifiable
psychological factors, in relation to QoL in patients in kb@ign remission of CS. The methodology adopted to
evaluate these was to use the lliness Perception QuestionR&)eRevised, and th®oL was measured using

the physical symptom checklist, the Euro@sD (EQ-5D), and the Webb CushingQoL questionnaire. This was

the first study of its kind in patients with endocrine diseases and the authors admit that the study was complex in
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nature. Apjying a range of analytical tools which measured all dimensions of the Cushing’s physical and
psychological comorbidities, the authors concluded, “that there is a strong correlation between illness perception
and decreased Qolt*® Comparing all items wiih each of the questionnaires, the CushingQoL questionnaire
results for the physical, psychological, and social issues was found to be a valuable method of highlighting the
divergent factors which influence the negative illness perceptions in CS patidiesnensa et al recommended

that doctors and researchers who wishedlifferentiate between physical and psychosocial issues,-stub-2

scale scoring solutioshould beapplied!3*

2.10 Patients Pareptionon Clinical Outcomes and Quality of Life after a diagnosis of Cushing’s syndrome.
Previous QoL studies have enabled endocrine research centres to provide evidence in relation to the QoL during
the different phases of patients’ illnesses with those, dgaghwith CS and/or CD. In 2016, as mentioned in
Chapter 1, Section 1.®agel9, a QoL study was conductdy Papoian et al in collaboration with the CSRF,

with the aim of providing patients’ perceptionistheir QoL and their clinical outcomes post treant?*

The study population consisted of 240 females, 27 males and 2 patients wibhxngpecification, all being
members of the CSR¥This study claims to be the largest study of this nature. The CushingQoL questionnaire
was used, and thresultant data analysed for, “associations between QoL and demographic treatment and disease
factors.”! The main results extrapolated from their publication was that patients who were referred to an
Endocrinologist with regular consultations, did not staow significant improvement in their QoP%.05), but

those who were regularly seen by a CS specialistRid3(7). Interestingly, no definition was given as to the
difference between a CS specialist &mtlocrinologist. The median time for remission wagars fhean of &

6yearg with a range of ¥0years. However, when 195 patients who wereirhad been imemission were
compared with 69 patients who had never been in remission, these 2 cohorts showed a highly significant difference
in their QoL scoes P>.001). Treatment for CS varied and depended orctusal effects and thseverity CD

patients {85) with hypopituitarism or hormone deficienogxperienced no significant difference in their QoL

score P>.05) as did those who were in remission but on {tergn steroid medicatioP$.05). Patients who had
undergone TSS once or more showed no difference in their reported QoL Redi8).(Similar results for
adrenalectomies were report&>(05). Notably, the published results lacked detadame of the information

and no question was asked as to whether their participants had received chemétherapy.

According to Rappana et al in 2010 an estim&837% macroadenomas were diagnosed in patients with CD

and patients with ACTksecreting micradenomas after TSS have a 69986 remission rate amparable with
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GH-secreting microadenomas85%).1%®> The GHsecreting adenomasowever, are found mostlyto be
macroadenomas and require either RT or chemotheidpiably, the biological effects of R the longterm

have a 16/ear cumulative risk 02% and a 26year risk of2.4%for secondary malignancié¥. Examples of

these malighancies are sarcomas, meningiomas and gliomas.

In 2010, Bushet al studied the use of TMZ, which is a chemical treatrfee malignant pituitary adenomas, as
previously mentioned i€hapter 1 Section 4.0Pages39-40.2% The recommendation from this study was patients
with complications possurgery and RT should be considered for chemotherapy, and TMZ but other chemical
inhibitors and, “targeted therapies,” should be explored, “urgeritly.”

With reference tdahe Papeain crosssectional study there were limitations, the major one being the inability to
longitudinally compare the QoL of individual patierdsThis meant that the QoL could not be measured over
specific time periods and had similar limitation which werend in the Webb et al, 2008 studlmportant to

note that the QoL scores were associated with the standard devi&iogsiifat ranged from 184 points and

was therefore consistent with the CushingQoL instrument in the Bfelttudy. Aninteresing recommendation

that emerged from the Pado. et al study was that healthcare providers must be, “educated,” on how to identify
the signs and symptoms and this they suggested would lead to earlier diagnosis and treatmématfldls.

this recommedation is highlighted in several publications of this nature, particularly from 2015 onwards.

The common theme of addressing and controlling excess production of cortisol is the key to improving QoL which
will undoubtedly assist in the management and GAr€S patientsThis isconducivefor example with the
Neiman et al 2015 papwihich emphasised the needttteat the cause of G8ith for example antihypertensives

and suggested that this would help to reduce comorbiflitiésiman et. al, acknowleddehat there was a dearth

of publications of this nature, particularly cresectional studies in relation to patients QoL following treatment
regimens for CS. However, Arnaldi et al previously in 2003 conducted 2 largeseasmalCS QoL studies
andfoundthat the longierm effects of high cortisol levels produced residual impairments of physical and social
functioning thus creating a poorer QoL, despite being treated. The consequences being significant in terms of their

social and working live&¥’
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2.11 The Development and Validations of the Leiden Bother and Needs Questionnaire for patients with
pituitary disease.

A paper published in 2016 written by Andela et al reported the results of their qualitative study of patients with
pituitary disease.The questionnaire which was named the Leiden Bother Needs QuestiorriBNe- (
Pituitary).'® Theauthors acknowledged that until their study period, no suitable questionnaire had been developed
to assess ayhetherpituitary patients were, “bothed,” by the consequences of their illness Bptheir needs

for support. A total of 49 questions were designed for the LBNQtary questionnaire and completed by 337
patients. Six other, validated QoL questionnaires, including the Webb et al Cushingi€stionnaire were also

used in their study. Construct validity using the EFA was conducted for 26 of the questions in parallel with
reliability testing of the subscale€rpnbach’s alphas Concurrent validity being assessed by calculating the
Spearmais correlation between the LBNR®Iituitary and the other measures. A total of 5 subscales were produced
(EFA), from the 26 questions. Examples of these questions were, mood swings, negative illness perceptions such
as fear of adenoma recurrence and anxesr sexual function and physical and cognitive impairments. This
study could be saitb begroundbreakingat this timeas it captured a more personalised approach to explore the
underlying emotions and physical symptoms that are experienced in CSioemigrior to this study, very few
studies had encapsulated the need to support these patients and to ensure that tbald @elingproved. The

author concluded that, “Exploration of the patient’s perspective is crucial in identifying potential eecetnd

aspects for improvement in Qo3

2.12 Do coping strategies have a strong impact on quality of life, depression, and embitterment in patients with
Cushing’s disease?

The recognition that psychological conditions created by hypercortisolism prompted a study in 2016 conducted
by Siegel et a which focused on CS patients’ psychosocial impairments and their coping strategies following
surgical interventions at 3 large tertiary centf@sThis study was another example of using multiple
guestionnaires to establish the emotional reactionsiégative life event. The averagears possurgery of the

study population wa6.8 r 6.66 yeas. The sefassessment inventories were the HADS Qol-36FTuebingen

CD-25, coping style, the Freiburg questionnaire on coping illnEg3/-IS), and the Bm Embitterment
Inventory BEI). Regression analysisas applied to the data, #wat the predictors of psychosocial impairment
could be identified. The resulshowed that 21.8%f the patients were suffering from anxie84,.1%from

depression anii8.7%,had an abovaverage feeling of embitterme#t?

66



Chapter 2Literature Review

The researchers acknowledged thatignts’ reactions to cope with stressful situations vary and therefore some
adapt their festyles, for example, take up spmhd hobbies. Maladaptive coping styleXY/-LIS) confirmed

that thér results wereaccurate and strong predictors of psychosocial impaismage, sex, and hydrocortisone
intakehowever the researchers failed ¢xplain thereasons for theariance in these measuremenftghe Siegel

et al study concluded that psychological training of positive coping styles could be helpful for patients with
difficulty in coping with stress and anxiety caused by '€D.

This study 6 patients’ psychological changes caused by pituitary origin is similar to the Nelson et al 2013 study,
which evaluated the psychometaispect®f the CushingQoL questionnait®Theaim of thelatter studywas to

evaluate the reliability, validity, the ability to detect change and if there was a minimal important difference,
during and after treatment. @latterstudy was also simildo the Cahoet al 2012 study, as previously discussed
where their study populatiom£162) participatedn a clinical trial having been treated with pasireoti®@0fng

or 900 mgq for their pituitary adenomas. The @alet al results showed that this type of theraipyi§icantly
reducedthe tumour volumeluring their treatment and this in turn ledingprovements in their physical and
psychological impairmentg?

In the Siegel study, theatients completed the CushingQglestionnaird times over the clinical triglear. This

enabled a robust methodtektng the reliability of internal consistencgdefficient alphas and test rdaest {ntra-

class correlatiorcoefficienty, for the patients who were experiencing hypercortisol&ignfonth°

A weakness howevevas identified with applying this type of methodology. Tisdieingthe reliability of the

patients’ answenghich can vary over time, i.e., recall bias and this can influence the research outcomes. Notably,
in this study physical measurements were also taken to measure any changes in Cushingoid features, BMI, and
cortisol levels. The results of the CushingQoL scores in the Siegel et al study showed a moderate correlation for
patients with depressive symptoms, the mean scores being significantly higher indicating a better QoL when
compared with patients who were severely depre’séed.

In summary. The findings of the Siegel et al study is comparable wiitter nonpituitary patient illnesses and

guoted multiple sclerosis and lower back paioasparativeexamples of physical medical conditions. The results
being that QoL is partially based on how patients deal with their illfedh physical and psychologicahd

should be encouraged to adopt copying strategies as part of their overak i@

CS patients often feel panic, fear, anger, jealousy, sadness and frustration, and experience mood changes and
social avoidance. However, they rarely share these psychological issues wRhyhigians, according to Andela

et al R016).2*8 Lack of time during the visit, embarrassment over their own feelings and thoughts, and concerns
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about bothering their healthcare provider with, “minor,” problems are some reasons why certain psychosocial

needs and coping strategies remain unaddré&sed.

2.13 Hippocampal volume, cognitive functions, depression, anxiety, and quality of life in patients with
Cushing’s Syndrome.

FrimodtMellor et al published in 2019, a paper which reported the results of their systematic'féVieavmain
objectives were to assess hippocampal volume, cognitive functioning, depression, anxiety, and QoL in CS
patients.Two reviewers took part arille review consisted chseeontrolled studies which compared CS patients

with healthy control groups argtudiesto assess CS patients prior to and swspery. Metanalysis of 18

studies were performed using a random effect model. When compared with the healthy group, the CS patients
right hippocampal volume was significantly redute@Standard MeaBistance §MD) of 0.68 (95% ClI; -1.12

t0-0.24; P>.002, #=0%). Interestingly, it was also found that B8 patients had a reduced HRQoL experiencing
depressive symptoms, impaired cognitive functiomiagpitetheir surgery haing favourable outcome$*? This

was interestingly defined as no clinical presence of anxietysuogerywhichwas similar to the Cole et &@11),

study, which performed a randoraffects metaanalysis to establish whether hippocampal atrophy exists from
disease onsét® The Cole et al study included MRI imaging of the hippocampal in patients with first episode
major depression disordeviDD), and compared themith matched healthy controlResults showed that the
hippocampal volume was significantly reduced in patients with first episode depression. This result was
consistent with a neurodevelopmental model of depressiorreébammendinghat hippocampal stotureis a

potential diagnostic neudoiomarker for depressiofis

In 2017, Santos et al published a paper reporting their-ametiysis study, the aim being to analyse amygdala
volume in patients with CS and its relationship with anxiety, depressiomaanbne level$**The conclusion

to this study was that CS patients in the active phase of disease have a smaller right amygdala volume when
compared to their study’s control group and the left amygdala volumes are associated with mood state in both of
their patient group¥** Santos et al previously in 2014, had studied cerebellar cortex volume in CS patients and
found that it is significantly smaller in the active phase of CS when compared with their control*gfdep.
association with visual memprand QoL was also found to be significantly changed in the CS patients,
particularly in the older patients and those with pronounced higher triglyceridet&vaimilar therefore also to

Cole and the Santos studies, their studies concur with thed#Muedlor 2019 findings in that structural changes

in the brain of CS patients cause neuropsychiatric conditfdi.145
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2.14 Elevated restingtate connectivity in the medial temporal lobe and the prefrontal cortex among patients
with Cushing’s Syndrome in remission.

Further evidence of these conditions was highlighted by Stomby 20E)( who conducted a crosectional
caseeontrol study into the lonterm cognitive deficits and affective symptonexgmples, anxiety, depressipon

in 19 CS female patients in remission for a median time of 7 y¥dise mean age of the patients was 45years,

the study population wahosen from the database of 3 university clinics. All 19 patients plunaged female

controls underwent fMRI at aingle radiology centre, the main outcome being the “measure of functional
connectivity at rest.# The reported results identified that the medial temporal lobe and prefrontal cortex
networks exhibited elevated connectivity among the Cushing’s patitvets compared with the control group.

The authors concluded that their study had revealed that in retditegfunctional connectivity within GCieh

regions, particularly the medial temporal lobe and medial prefrontal cortex, was increased in thier@S pa
Stomby et al suggested that, “these differences in connectivity may provide a neural basis for the cognitive deficits
and affective symptoms,” which are often experienced by patients with CS in renft&sion.

In contrast to this study, Wang et aD(9), explored the anatomical distaitizgendent functional connectivity
patterns in patients witlictive phase CDThe authors aim, was to evaluate the associations between hypercortisol
exposure and regional normalized function connectivity strengths using fMRI. The fMRI results of the database
of 32 CD patients and 32 healthy controls were compared for normalized functional connectivity stie@gth (

for each voxel in the brain and further divided them into lamge and shorange nFCSs. To ingégate
betweergroup differences in these nNFCSs metrics general linear models were used and the correlations between
the nFCSs and the clinicariables were calculatetf’-On comparing the fMRI, the CD patients reskriten the

imaging studies showed that the discrepant functional connectivity patterns indicated hypercortisolism, this being
associated with distangependent disruption of restisgate functional connectivity in patients wébtive CD.

The results confirminghat the patients right parahippocampal cortex and serum cortisol levels at 08.00am were
shown to remain significant after taking the anatomic distance into consideration. The authors concluded that this
study providech method of identifying the impact bypercortisolism and the pathophysiologic mechanism of

CD and suggested that thizay eventuallyfacilitate advances in CD interventidfy’

Until recently there has been limited evidence available regarding the effects of GC excess on brain metabolism.
According to Law, 2017), “primate studies using exogenous GCs show that the hippocampal changes are present
within 1 year of GC exposure,” but there remains little data which suggests exposure to GCs causes brain

atrophy*® However, interestingly a pr@us limited study in 2012 conducted by Langenecker er al using fMRI,
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indicated alterations in brain activity in adolescents with active CD. The areas of the brain affected were regions
used for perception, processing, and regulation of emdtténs.

Theexponential use of fMRI studies over the past few years have confirmed those of the limited previous studies
and provided concrete evidence in measuring brain atrophy. Cerebral atrophy in CD patients, using fMRI has
been shown to be, “at least partiakyersible.”*® Following normalization of cortisol levels, the brain volume

is said to increase but does not return to normal state.

A more recent study in 2019, conducted by Brzozowska et al reported a case of a CS female patient who had
experiencedevere cognitive defect and functional decline over geHd-period*° Following treatment for her

CS and successful cure she experienced a significant recovery in her neurocognitive function. This was reflected
in the structural brain changes reporitedier MRI scans. The patiehad presented with the longrm effects

of cortisol exposure on her brain function but Brzozowska et al, suggested that an improvement over time post
treatment could significantly improve the recovery of neurocognitive irmgat in patients with endogenous

CS* The authors acknowledged that patients may not regain their premorbid level of function and they may
experience a reduced QoL due to persistent cognitive impairment(s). Transient hypercortisolism remains a
challerge to fully understand but this study underlines the importance of early diagnosis and tr&&tment.

Several studies prior to and most recently therefore agree with Fvedidr in that patient following
biochemical remission find that there is a markedease in hippocampal volur(el0%), which correlates with

the UFC excretion levels. A decrease in cortisol levels, correlates with an improvement in memory in relationship
to an increase in hippocampal volume thus indicatingtifeeffects from prolaged cortisol exposure on the
hippocampal volume are reversible following treatniént?®

The psychological and cognitive impairments which reduce the QoL in CS and CD patients as reported in
numerous QoL studies, may improve with biochemical confrblypercortisolism, but sadly may persist. The
minor to major changes within the braanétomic, cerebraland hippocampal atrophyand in the sitespecific

cerebral metabolism, may explain the signs and symptoms associated with Cushingtho®hef thought from

this must be that further research may be important in defining the structural and clinical manifestations which
emerge fromhypercortisolism combined with interventions that may improve these findings. fMRI has a

significant part tgolay in future investigations.

In Chapter 1, Secti@?®,3.4, Pages26-40, the imaging modalities used in the diagnosis and treatment of CS and

CD arediscussed and includéhe physical principles, safety guidelines and biological hazards. The following
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section of this narrative review presents a wide range of literature which focuses on théhesaaih imaging

modalities for the diagnosis of CS and CD.

3.0Pituitary Imaging.

3.1 MRI Pituitary Studies

Many researchers over the past decade have highly recommended and validated the use of MRI for pituitary
studies. The main purpose of these studies was to develospéRific sequences, reduced contrast medium
doseand develop higliield technology with the aim of better localization of ACEEcreting microadenomas.
Kasaliwal et al, 2013), for example studied MRI volume interpolated-8Eho sequence and the results of their
study claimed that it was better thameynic contrast spin echo sequence for MRI detection of A€3dieting

pituitary microadenomas®°

Stobo et al previously published a paper in 2011 which discussed the initial experience of using 3T MRI for small
functioning pituitary tumour&®® The results of their study concluded that the stronger magnet incréssed
likelihood of detectingGH and ACTHsecreting pituitary microadenomakhe recommendations were to use
3TMRI if available andin cases where 1.5T MRlasnegative or equivocap?!

Neiman, and Gharib in 2016hen recommendethe use of structural imaging for the diagnosis of tumours
suggesting functional imaging with somatostatin analoéfiieéBhe authors also however, recommended taking a
cautious approach as they suggested that #nebest protocols do not always identify more than 808#uitary
tumoursts?

Vitale et al, in 2017 Chapter 1, Sectio2.7, Page 3233), agreed that MRI is thigold standard,” imaging
modality for the detection of pituitary tumoufs. However, they established that betw&&86-60% of ACTH-

secreting pituitary microadenomas often go unreported due to their location, enhancing characteristics and their
size. These figures are however notably lower when compared with some of the previous publications. Vitale et
al subsequently recommended that by adjusting the MRI protocols for these microadenomas leads to improving
the quality of images for the diagnosis of pituitary dise&ésedhis paper presented an overview of MRI for
pituitary disease related to CD and according to the authors, provides a protocol to be followed when an ACTH
secreting pituitary adenoma is suspect@d.

Grober et alZ018), also previously mentioned Ghapter 1, Section 2. Page32-33, evaluated the use of 3D
volumetric interpolated breatiold examination\(IBE), a spoileejradient echo 3D T1 SGE characterized by

superior soft tissue contrast, and this improved image resolt#tibime authors compared images produced with
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DMRI and CMRI for the detection of madenomas in patients diagnosed with &Mltheir study suggested

that SGE shows higher sensitivity for detecting and localizing pituitary microadenomas. However, the authors
concluded that it is rare that an adenoma is detected using DMRI alone and recomthatitiedstandard
protocol should include SGiiér CS patient§®

A retrospective study conducted in 2018 by Lang et al, comparagtatifent echo sequence, constructive
interference in steady stat€I8S) with contrastenhanced QE), T1-weighted sequence and VIBE, for the
diagnosis of pituitary adenomas in 12 patients who had undergone TSS for CD. Two Neuroradiologists took part
in the study and had no access to the patients clinical and surgical findings prior to independently reporting the
resultant image¥®¥: The results showed that the average sensitivity for the detection of pituitary adenomas was
not significantly different between C¥EIBE sequence§3%), and CISS sequence, this bebifb. Interestingly,

the PPV was 75%0Observer A), anthe CEVIBE sequence wak00%(Observer B, and64% (Observer A) and

100% (Observer B with the CISS sequené& The observers found that 2 of the patients’ pituitary adenomas
were clearly identified with the CISS sequence but on th&/[BE produced images, the adenomas were more
difficult to detect. However, in 2 of the other patients their adenomas were clearly identified orWHBECE

The authors concluded that CISS sequence twdihted MRI protocols improved the detection of pituitary
adenomas and that the CISS sequence could be a useful additionw&ighied MRI protocols for pituitary
imaging, makingan alternative option for patients with gadolinium contraindicatiofis.”

Several authors including Chatain et 2017, have sought to establish the reasons why-kdRjative pituitary
microadenomas present a challenge for accuratsypggeal localizébn in CD % The importance of recognising

the harmful effects caused by surgical inaccuracies are paramounsirgieal planning to reduce the risks. An
example being paraneoplastic syndrome of ectopic ACTH production from NETs, such asefinhatig
carcinoma?®It is widely accepted that accurate location improves remission rates and decreased comorbidities.

3D-GRE MRI identifies50%-80% of microadenomas.

3.1.1 MRI and Transsphenoidal Surgery

In Chapter 1 Section 3.2.1Pages37-39, the importance of MRI in pituitary studies was discussed and how a
subset of patients with CD who have no evidence of an adenmuiergo other radiological investigations for
example, BIPSS prior to their surgery to confirm a CD diagnosis.

Congxin et al, stied the outcomes of TSS in CD of 125 patients with negative pituitary MRI scans between

2000 and 2019 by accessing their medical records at the Peking Union Medical College Hospital. Interestingly,
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they found that the remission rate was 73&%r TSS and 1.8%of patients experienced recurrede&lhese

rates were found to be the same between patients with negative MRI findings compared with those with positive
MRI findings, recommending that TSS remains the-fir& treatment for Clpatients, even if their MRI results

are negative.

A recent novel research study into an innovative method of analysing a large and complex data set was used to
evaluate the use afiachine learningML), to identify predictors of early postsurgical and ldagn outcomes of

TSS. This study involved 151 patients, with a gitossour removalGTR) and surgery was successful in 137 of

them. The medical records which the researchers Zoli et al, at the time of their28Rd);, Ehowed that 116

patients were #kin remission possurgery and 21 their CD was controlled with complimentary thef®ddhe

tumour volume i.e., size and invasiveness, combined with the biopsy results of thes&€Eking cells were the

main 3 predictors i.e., endpoints of intere$the ML algorithms were applied to train and internally validate
robust models for all 3 endpoints., thus achieving accurate outcomes predictions in the CD cases. The authors
highlighted that this analytical method could improve patient care, includimgsetling but warned that accuracy

in clinical interpretation of the results remains important before adopting this method in clinical gfactice.

3.2 Cavernous Sinus Sampling in Cushing disease.

Cavernous sinus invasio€$§)), in patients with CD, “appantly affects the probability of complete resection,
biochemical cure and the need for adjuvant theraj¥§."Mastorakos et al2018, discuss in their paper, the
difficulties encountered in the prediction of CSI based on CD patientg®4Rlts, and had noted that they have
in the past been inconsistent and therefore unreltégbldhe Knosp classification is the most widely used
radiographic predictor of CS# This classification relates to the work undertaken by Knosp @98a83), vho
constructed a grading system for predicting CSI caused by pituitary microadéfididasever, this method is
limited in its ability to accurately predict CSI and the probability of gtots resection for microadenomas or
Knosp grade 2 macroadenmas!®®

Mastorakos et al observed that on viewing the coronal MRI images of patients with pituitary lesions, the presence
of a triangular shape of adenomas adjacent to the cavernous sinus which are often associated3#itifI@SI.
aim of their study eing to determine the correlation of this radiographic find (“sail sign” {SS}), with G%1.”
This retrospective review consisted of 115 patients wikB@mmpituitary lesion and a biochemical diagnosis of
CD post TSS Z20072017). Patients were chosenings an inclusion/exclusion criterion. CSlIs which were

inoperative were prospectively evaluated at the time of surgery by 1 Neurosurgeon and the MRI results were
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reported retrospectively by a Neurosurgical resident and a Neuroradiologist, blinded to the intraoperative results.
The results of 23 patient2@%), reported a positive SS, 9166 them had CSI compared to 1@thout a SS
(P<.001). The SS predictor of CSI showed a sensitivity result of 0.7 and specificity of 0.98, which showed a PPV
of 0.91 and NPV of 0.9. Interestingly30% of the positive SS patients did not experience immediate TSS
remission, in comparison with3%without a SSIP< .001). The conclusion to this study was that if a positive

SS is present in Cushing’s adenomas adjacent to the CSI this provides, “strong PPV, specificity, and positive
likelihood ratio for the prediction of CSI**8 According to Mastorakos et al, this is proving to be a useful method

of preoperative planninty?

As previously noted, within several similar papers, this information gives the neurosurgery team an aid to predict

the likelihood of longterm biochemical remission and the need for adjuvant radiosurgery.

3.3 Pituitary Microadenomas

Chatain et al, 2017, as previously mentioned, in their studies reported that postcontrashattierdrated
inversionrecovery FLAIR), scans may be useful for the detection of MBfjative pituitary microadenomas and
recommended that post contrast FLAIR sequences shoufttlbeéd to complement 3BRE when planning

TSS for patients with CEP*

According to Fukhara et a2019), MRI only detect836%-63% of pituitary adenomas in patients with CD, which

is less than quoted in some of the other previous publications of this.r&IUMRI is now said to provide higher
UHVROXWLRQ WSkrDKpara et @lsegearchaim therefore, was to investigate the problems and reasons
for the outcomes associated with the use of 3T MRI in identifying pituitary turandc®nducted a study of 115
patients who had initially been diagnosed with CD. Prior to their surgery 31 patients with macroad2iégnas (

and 54 47%), patients with microadenomas had pituitary 3T MRI scans which were subsequently reported.
Interestingly, pituitary denomas in 30 case®5%4), were unidentified, the smallest tumour diameter amenable to

a definitive diagnosis was 2mm. SGE was therefore found to be superior for diagnosing microad®&nomas.
Notably, this agrees witithe Grober et al, 2018 study as pi@usly mentioned® The Fukhara et al results
revealed that the introduction of 3STMRI showed a sensitiviB08band specificity ofL00%for identification of
pituitary adenomas. The authors also however, found that there was a marked de2¥@agegensitivity when
macroadenomas were excluded. 3TMRI in some cases of microadeghemfsreremained undetectable. This

was thought to & due to tumour size, location, and intensity. The authors recommended that improvement in

sensitivity can be achieved by monitoring the tumours which develop outside thé%§land.
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3.4 The Use of 7Tesla MRI in Pituitary Imaging.

The introduction of 7T MRI for pituitary adenomas is creating a growing interest from both researchers and
clinicians in pituitary diseases. Several studies have highlighted the benefits of using this typémftufiedd
scanner. 7T MRI is proving, according to Rotta@le{2016), to be a powerful tool in research and in the clinical
diagnosis of patientss previously mentioned @hapter 1, Section 2.Pages 33.52 The high increase in signal

to noise ratio and higher spatial resolution identifies minor changes in the anatomical and pathological structures,
this being vital in establishing neurological changes in the brain structures and in identifying pitutaryasle
pre-and postsurgeryé® The authors, however, admit that there are some technical issues which need to be
resolved. One of the major problems is the lack of access to 7T MRI scanners. The reason being that they are
mainly only available in large neoradiology and research centres and are extremely expensive.

An interesting article by Law et aR@19), discusses the value of pituitary gland 7T MRI in CD and its relationship

to IPSS. Tis article discusses a case report related to the findings featiant with CD post TSH?
Histopathology specimens identified a Crook’s hyaline change with ACTH positive cells suggestine of
adenoma using 7T MRI. The conclusion was that for diagnosing microadenomas, 7T MR, “ramppre

IPSS.”%62 This suggsts that 7T MRI may help in cases where standard and dynamic contrast 1.5T and 3T MRI
shows negative CD and could also be a safer imaging examifatibe patient than BPSS. This form of testing

is still currently debatablend continues to be compdreith BIPSS.

Andreggen et al019, discussed in their paper the lack of data as to BIPSS symmetry being a more successful
predictor of adenoma side in patients with AGdiependent CS.nterestingly, the findings from their study
showed that durindBIPSS, asymmetric inferior petrosal sinus drainage was frequently shown and that the
asymmetric venous outflow did not influence the remission rate folf€S.

The purpose of Beket als 2019, retrospective study of 31 patients compared the efficiency of IPSS for the
diagnosis of ACTHdependent Clio that ofMRI imaging®* Thirty of their patients had successful IPSS. The
sensitivity, specificity, PPV, NPV and IPSS accuracy of diffea¢ing between central and ectopic CS prior to
CRH stimulationwas:93.3%, 100%, 100%, 33.3&nd93%r respectively.

Comparing these results with their MRI reports, &edt al reported thathe IPSS method had the highest
efficiency indifferentiating cetral CD from ectopic CB%* The limitation to this study could be suggested that

no indication was given as to the type of MRI scanner used i.e., Tesla strength.

Cristante et al4019), conducted a retrospective study to question why TSS shoaldéaeosurgeons’ choice

for treating CS based on normal or inconclusive MRI results. The objective of their study evaduete the



Chapter 2Literature Review

performances of the MRI evolutionary changes over time and its performances following surgery in 195 CD
patients with a typicamage of adenoma vs inconclusive or normal Mf. During the period 1992018, the

CD patients had been treated initially using a translabial microscope and then a transnasal endoscopic approach.
The patients whose MRI scans had been reportedcasdlusive or normal were referred BtPSS. The
researchers found that MRI identified microadenomas in 89 patients, 18 macroadenomas, 44 inconclusive MRI
scans and 44 normal scans. The findings revealed that over a pE®@2I1996) the proportion of
inconclusive/normal MRI decreased from 6@8627% (20122018. On analysing the results of the 4 MRI
groups, preoperatory adenoma visualization rate was only slightly lower when MRI was normal
(95%;100%:;86%;79%; P>.012) and postoperative remission rates were not significantly different
(85%;94%;73;75%; P>.11.1%> Interestingly the MRI scanners used from 1993 to 2019 for this study ranged from
0.5T to 3T. These statistics showed that over the study period, MRI scanning had improved due to magnet strength,
and this had improved specificity and sensitivity when diagnosing microadenomas. The recommendation from
this study, was that patients reported with MRI inconclusive or normal scans and a pituitary ACTH gradient at
BIPSS should still be, “directed to an expBieurosurgeon for TSS rather than medically treatéél.”

A quantitative assessment study of secondary white matter injury in the visual pathway by pituitary adenomas
was undertaken by Rutland et al in 2019 usindviR1.2¢¢ The prime objectivevas to study the microstructural
damage by pituitary adenoma%his was conductédoly performing probabilistic tractography of the optic tracts

and radiations using 7T diffusiomeighted MRI DWI).1%¢ The results of 18 patientsith pituitary adenomas

were compared with 16 healthy volunteers and their MRI findings were correlated with their neuro
ophthalmological results to assess the utility of thiigh field MRI for objective evaluation of the damage to the
anterior and posterior visual pathways in the 34 patiefgsobabilistic tractography is used, “to obtain a
connectivity index along a white matter pathway, that reflects fibre organization and is sensitive to pathological
abnormalities contributing to disability!®® The main results of the Rutland et al study, was that optic chiasm
compression was found &6.7%of the pituitary adenoma patients and visual defedd4 ih%of them compared

with the healthy volunteers. The probabilistic tractography results were comyitirédeir 7T MRI results. The
diffusion indices were calculated along the projections and correlated with tumour volumes and compared with
the results from their newwmphthalmological examinatiod® The results significantly demonstrated that
imagingbased quantification of secondary neural damage from adenomas are strongly correlated with the neuro-

ophthalmological findings. The conclusion being that the diffusion characteristics elighréeld DWI in all
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probability enables the preoperative awerization of visual pathway damage with chiasmatic compreastn

the authors concluded it may be a way of predictive value for vismverability6®

3.5. Imaging in the preplanning of treatment for pituitary adenomas.

Brain imaging in pituitey disease is highly dependent on the production of-gigllity images of the sella and
parasellar region of the brain. Prior to surgery, RT and/or medical therapy CS patients require MRI investigation.
Bashari et al 019, recommend thaTl and T2 weighted sequences provides information foisyrgical
planning,RT and/or medical therapy and lotegm follow-up 167

Previous publicationguoted inthis thesis discussed that in some cases, the standard clinical MR sequences can
be indeterminate and therefore additional information is required to aid the choice of therapy for pituitary
adenomas. Christante et al as previously mentioned, emphdsizaed foNeurosurgeons tlully explore the
radiological MRI findings prior to surgery and this should be part of the overall clinical investigatioites
Bashari.et abarticle, revievedthe current recommendations for imaging of pituitary adenomas and ekiilere
potential value MR sequences and/or CT can dfepre-planning RT treatment&® 67 The latter article also
describedhe use of functional/molecular imaging and how this form of imaiflimgommended, may define the
treatmentwhichis particularly useful as some patients may not be deemed suitable for surgerdfor RT.

Modern technological advancements in brain imaging have enabtidiéyistsNeurosurgeons, arithysicians

to identify pituitary incidentalomasore efficiently and as suggested IBoguszewski et aP019), this is due to

the advanced technologies and easier access to scanning faéitiesitary incidentalomas are often diagnosed

for nonypituitary disease. The anatomical variations, tatyihyperplasia and technical artefacts can play a part

in image reporting and create challenfpeghose who report the imagéscidentaladenomasre those that fulfil
theradiological criteria for a pituitary adenoma in asymptomatic patients in the presence of subclinical tiseases.
The majority of pituitary lesions are <10mm in size and are normally benign. MacroincidentatomaB P) are

a more serious finding and require intervention as there is a likelihood of hormonal abnormalitiebgarachaya

The Boguszeewski et al publication discusses the diagnosis and therapeutic management of pituitary adenomas
and how the aetiological history of pituitary incidentalomas is relatively unknown. However, according to these
authors, the wealth of raddogical evidence indicates the differences between micro and macroadenomas and in

turn aids diagnosis and subsequent treatmi&hts.
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3.6 High Resolution multispectral imaging in identifying remission in Cushing syndrerAenovel approach.

A 2018 USA caference presentation discussed the successful use of a handhelgshlgtion multispectral
imaging device. This was presented as a novel method of studying CS patients, particularly those in remission.
Khare et al2018), presented this form of imaging to delegates at the Smart Biomedical and Physiological Sensor
Technology conference and highlighted that, “paifitare technologies have become increasingly important in
diagnostic applications%°

The use of wirelesechnology has enabled a method of easy storage and analysis of data at the point of clinical
delivery. Using iPads for example have enabledi®logistsand medical doctor® view medical images in
remote areas of the hospital. Hameld neafinfraredimaging spectroscopyN(R), systems are now available
which can determine blood volume fraction and water content in skine &tarduring this conference discussed

how the handield NIR device enabled the research team during their study, to suttgedshtify remission of
disease after treatmenitpatients with CD.

The design of this device provides 8 NIR filters with a wavelength range of 700nm to 980nm which means it can
provide a flexibility of detecting multiple chromophores in the skin siscbxy and deoxyhaemoglobin, melanin

as well as water, thus providing high resolution and information about spatial variations. The latter being an
important factor for diagnosing blood volume and water content in the skin. This is indeed an exciting
devdopment as it could provide a rapid method of diagnosing remission, reduce MRI waiting lists and be a cost

effective imaging tool.

3.7 Optical Coherence Tomography and Octreotide Scintigraphy in Cushing disease.

In Chapter 1 Section 2.10Pages 3334, the use of OCT was discussed and its role in assessing the thickness of
the retinal nerve fibre layer in the optic nerve due to compression caused by a pituitary adenoma. As quoted in
Chapter 1 the results of the Abalem et al, 2016 study found that 18fg3atients had macular changes and it

was suggested that this was secondary to choroidal thick&ning.

Two percent of all pituitary adenomas are due to the thgtiaulating hormoneTSH and are usually benign.
According to Fukuhara et al2Q15), “these tumours provoke central hyperthyroidism through releasing
inappropriate TSH secretioA’® Patients experience hyperthyroidism symptoms which are usually mild and can

be induced by anxiety.

Okuyucu et alZ016, conducted a study of a female patient who had a TSH pituitary adenoma with Grave’s

disease during and post pregnancy using Indidr Octreotide scintigraph¥@), in parallel with investigating
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the patient's symptoms of hyperthyroidism. Graves’ disease is an immune system disordesuttsatinre
producing excess thyroid hormones. The authors findings suggested, that those type of pituitary lesions should be
confirmed using functional imaging modalities and OS imaging was in this case useful in illuminating such masses
in the pituitary glad, particularlyon patients witlGraves’ diseas&?

The useand choiceof multi-modality imagiry modalitiesfor the pituitary glandireproving to be exponential in
theirgrowth and significant for the early detection of pituitary adenomas. By incgeasiralization for example

using fMRI, PET/CT images enables the changes to brain structures created by pituitary diseases, to be fully
assessed prand post TSS.

According to most researchers however, radiological imaging should be performed albiggtidmical testing

which may include BIPSS prior to asyrgical ortherapeutidntervention.

4.0 Adrenal Imaging

The management of patients with CS is said to be medically challenging and this is clear on reviewing the literature
and by interviewing ldalth Professionals and endocrine expauting the present studi?atients with bilateral
adrenal masses and ACTirblependent CS are particularly challengtogdiagnose and treaas it creates a
lifelong risk of adrenal crisis. I@hapter 1, Section 1.8.1d}age24, AVS was discussed and its methodology

in facilitating the lateralization of guiding adrenalectomy swgRpssi et aln 2015 interestinglyreported that

there is no seAVS technique or standardized protoédl.

However, Acharya et al in 28linvestigated the utility of AVS using a protocol which had been previously used

in a study by Young et a2007).172173The Younget alstudys aimwas to establishow to manage patis who

had been diagnoserth bilateral adrenal masses and AG@iependent CS® In comparisonthe Acharya’set

al retrospective review unfortunately had a small study populatie®). However, theyid find that AVS was

useful in excluding unilatal adenomas as the source of AGTIS when studying bilateral adrenal masses in
those 9 patients. AVS was successful in 8 of these patients indicating that they had bilateral cortisol
hypersecretion.This form of testinghoweverrequires further datatadvocatéts use as heinga robust method

for the management #fCTH-CS patients with bilateral adrenal masi&s

Bansal et alZ019), conducted a retrospective study ushefCT data of 80 patients who had at least 1 intact
adrenal gland, and had an abdominal or adrenal CT scan prior to surgery. Patients age ran§é yeemd.7The
radiology reports reviewepatients with noradrenal causes of G identify adrenal lesionéincidence and

characteristic3.'’* According to these authors, betwe-5% of the general population who have undergone
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CT abdominal investigations have been reported as having adrenal masses. Older patients are found to have a
higher incidence ofdrenal massewhich are mostly benignNotably, he authors in their published findings,
mentioned that few adrenal CS patients present with masses and therefore there is litisdGData' 4

The results of the patients CT scans showed that thalpnee of adrenal nodules in CD and the EAS patients
washigher than in the general population. The authors however, admitted that further studies are necessary using
a larger population which would enable them to study trends which could be benefigaliffierential diagnosis

of ACTH-dependent CE* A study conducted bansal et al in 2019pund thatnodules >1.3cm confirmed a
definitive diagnosis of CBoweverjn EAS, simple hyperplasia was more likél§y Notably,in the older patients,

an ircrease in nodularity could suggest that@xesting nodules may not be an effect caused by CS.

4.1 Adrenal Incidentalomas
Adrenal incidentalomas are defined as adrenal masses measuring 10mm or more in diameter. Canh8 et al (
conducted an observationatrospective study of the diagnostic imaging findings of 223 patients who were
reported as having adrenal incidentalomas. This study period spanned 1®682008.1° The radiology
reporting of these adrenal incidentalomas showed that theyregoaedn CT abdominakcans ir75.5%of the
patients, chest CT iB.7%,abdominal US ir6.3%, 2.2%kidney US scans and 1.3%lumbar spine CT patients.
This was a comprehensive study which identified that most adrenal indicheasaare benign and nsecretory
and malignancy is found to be rare. Notably, abdominal CT was shown to identify the highest number of adrenal
incidentalomas5.5%9, the image patterns were recognized by, “adrenal size and radiological phenbtype.”
The authors recommended that adrenal incidentalomas should be closely investigated by the endocrinology team
to generate a fuller increasetnderstandingf this prevalent condition.
Previously Sharma et &@15), also reported the increase in refewwaldT and MRI imagindor other medical
conditions,which led to an increase in adrenal incidental adenomas, this being similar to brain imaging, as
previously discussed. The prevalence of these, increase® #2860 7% with age, “subclinical,” or, “sutbe,”
CS, andhas been reported in 5%0% of these patients a study population where CS is more likely to be
commont’® The Sharma et apublicationfocusses on the epidemiology and the developments related to the
clinical management of CS and the maderethods of diagnosing and treating this condition. Previous authors
have tended to focus on the underlying causes of CS and often refer to exogenous GCs, which is said to be the
most common cause in childhood, adolescence and in adults. Endogenous CS being similar in children as in

adults. Some differences however, in infancy are commonly associated with M&®ugat Syndrome. This
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endocrine syndrome affects the skin, skeletal system and several hgimoduoeing tissues and is more prevalent

in girls than boys. Adrenocortical tumours are often diagnosed in children with this condition les3 fear$s

of age. Seven years or over, CD is the most common cause gESids raret’® Notably, the Sharma et al

article gives a clear account of the statistical prevalence of CS and the human development processes and
epidemiological changes which can ultimately affect the human circulatory system resulting in CS. The article
contained an informative Tabl@) as shown belowwhich enables the rdar to appreciate the statistical
prevalence of the varying signs and symptoms of CS, although it should be noted that some of the figures quoted

are from older source4$61-2007).

Table 1Sharma et al, 20188 Frequency Table of the Clinical Feates of Cushing’s Syndrome

Signs/symptoms Prevalence (%)
General

Obesity or weight gain -909%0
Rounded Face (moon face). -90%81
Supraclavicular/dorsocervical fat pads (buffalo hump). 50%
Skin

Hirsutism/alopecia 75%
Facial plethora -90%70
Violaceous striae -50%44
Acne 20-35%
Easy bruising -65%85
Gonads

Menstrual irregularity 70-80%
Decreased libido -80924
Neuropsychiatric 70-85%
Emotional lability/depression

Psychosis/mania

Cognitive dysfunction/shoiterm memory loss

Musculoskeletal Unknown

x Please note that the musctdkeletal prevalence figures unfortunately during this stuelseunknown.
AlthoughTablellacked some current figures, it clearly identifies that there are frequency variables related to the
clinical presentation of patientsh@se can be influenced by sex, age, and thetemgeffects of CS. The Table
limitations included a failure to show the prevalence of DM which is currently ar2ddd% of patientsand
75%of patientswith CS have insulin or glucose intolerance.

Figure 1 displays the typical Cushingoid featyrieéage 26.
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4.2 Neuropsychiatric disorders inducealy Cushing syndrome.
In 2018, Sharma et al continued their studies concentrating oethnepsychiatric disorders induced by CS. The
authors subsequently produced a paper in which they reported their study on psychiatric disorders, body image
disturbancs, and setesteem in patients with Ct3’
Sharma et al in their previous research had identified that betweerB5@YCS patients experienced
neuropsychiatric problem3dble 1, Page 81%°
Sharma et al therefore focused thgtindies on the prevalence of psychiatric disorders in CD patients. The
methodology of this study was in the fooha structured clinical review using the Diagnostic and Statistical
Manual of Mental Disorders E(SM-1V), BDI, the Rosenberg Sefisteem Scale and Body Image Concern
Inventory BICI), in a study population consisting of 35 patients with clinically corfa@D7”

*Please note that the DSMW refers to a clinically significant behavioural or psychological

syndrome or pattern that occurs in an individual.
A breakdown of their results showed tH&8% of patients had psychopatholo@i% major depressive disorder
and 28% moderate depression dhe BDI. The authors also found that 5086 patients had body image
disturbances an@0% low esteem. Depression was found to have a negative correlation lidsteem, and a
positive correlation with body image disturbanceghe conclusion to this study being that the prevalence of
psychopathology in CD patients is high and according to the authors, “may go undetéCléie’authos’
recommendations undered the need for the endocrinology tearengure that patients who reported body image
disturbances and setsteem should be offered the appropriate support.
Reviewing other publications of this nature whitive concentrated on the neuropsgtit disordersthey all
suggest that major depression is found in up to @80%S patients’and50%62% experience mood disorders.
103 108 109 113 120 126 127 128 131 141
CS has, according to Santos et‘been related to higher psychopatholod{ The Santos et @&016study of 36
CS patients in remission were compared with 36 matched control groups i.e., age, sex and education and the origin
of their CS Adrenal or Pituitary. The results showed that the CS patients showed more psychopatholdgy in al
items of the Symptom CheckhSOR (SCL-90R), questionnaire variables. The SOOR questionnaire is a short
selfreport psychometric instrument designed to evaluate a broad range of psychological problems and symptoms
of psychopathology and is widelyagsin clinical practice and research. The items of the-STR questionnaire
are, somatization, obsessheompulsive, interpersonal sensitivity, anxiety, hostility, phobic anxiety, paranoid

ideation, psychoticism, global severity index, positive symptastretis index and positive symptom total, in
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comparison with the control group®<.01).1”® The psychopathology showed no correlation with memory
performance, QoL or symptoms. The CS participants in the Santos study also showed ptwsmiangmory
when canpared with the control grou€ .024), and “higher severity of symptomsP€.01).178In this study,
blood tests were taken on both groups. The hostility subddajedf the SCL90R was positively correlated to
the blood cortisol level in the CS patisif=.45, P<.005. The Ho scale was devised by Cook & Medley in 1954
and is a 5dtem scale which measures a variety of hesdthted variables, which includes, insulin resistance,
alcohol consumptions and watsthip ratiol’817°

According toMiller et al (1996), these Ho scales are predictive of coronary artery disease, which subsequently
causes mortality, even if the other health risk factors are contrfl&tudies since 1954 have questioned the
reliability of using the Ho scale. Curtinhowever, the relationship between the autonomic nervous system,
(AN9, Ho scale and generalized anxiety disor@&kD), in the longterm treatment outcome, has still been rarely
studied according to Tsungtua Lu et al 2019)*8! In the teir study,the authas’ explored whether ANS index
and Ho scale at baseline are predictors of-kemgn outcome in GAB8! This was a small study involving only 9
patients with GADandthe findings werghatthe aggressive response subscale of the Ho scale wdiaitty
negatively correlated with the Hamilton Anxiety Rating ScelBRSHAM-A) change ratio in both the short and
long term, while the mean heart range changé&iRR), which was taken at baselind/¢ek 0 of this study, was
significantly positively carlated with these change ratigs.

The HARS scale was designed by Clark e1884), to generally measure anxiety and they found in their studies,
that it was a reliable and a valid method of measuring and assessing global anxiety in fropatition'®? This

type of scale was originally designed by Max Hamilton in 1960 to measure the different elements for patients
suffering from depressiof§* Notably, the Tsundrua Lu et al results suggéstitMHRR and aggressive response

subscaleHlo) could beused as a method of predictilogg-term outcome in GAD?!

5.0 The use of PET/CT in Adrenal Imaging

Another retrospective study of 28 patients conducted by Wannachale®etvaRQ160ct. 2018, from 3 referral
centres and published in 2019 discussed the radiological difficulties of diagnosing EAS causetf“OyhES.
authors acknowledged the need to use a Food and Drug AdministRBidrdpproved highresolution form of
imaging but found lite evidence that the clinical utility offGA]-DOTATATE PET/CT (FéGa}DOTA-(Tyrd)-
octreotide), was being used to diagnose EAS. The objectives of their study wageera)ine the efficacy for

EAS localization and bihe clinical benefit of using this fim of diagnostic imaginéf* The Wannachalee et al
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study population was small, but the results did show that [6B@AJATATE is a sensitive imaging modality for

the detection of primary and metastatic EAS, and often identifies occult tumours after aoralémaging, and
thisimpactstherefore orthe management and care in most pati€tits.

Varalamov et al conducted a 2019 systematic literature review of patients who had undé@mjrieQTATE,
DOTATOC and DOTANOC PET/CT [68G&STR] PET/CT and conventiahimaging found that greater
sensitivity in reporting EAS source is limited due to the case reports and few small retrospectivé3litigg.

articles were revieweof [68GaSSTR] PET/CTscansn 69 EAS patients and found that the sensitivity @4,
biochemical testing confirming that there were 67 lesigits106-sensitivity. No falsepositive results were

found in both adrenal gland®.Varalmovet al found that their EAS imaging revieslsowed that the sensitivity

of [(8GaSSTR] PET/CT is similar to conventional CI1(8%), in biochemicalproven case studies andlid0%

in covertcases. These authors acknowledged that the limitations in previous studies were that they were small,
and no ccult cases were found. However, Wannachalee et al did report that the PET/CT modality can identify
occult cases and their findings were published 1 month prior to the Varalmov et al publication. The latter to date
is the largest study of its kir&®

Accarding to Neiman et al018), there are 4hallengesvhich make it complicated when evaluati@g ¢ The

increase globally of DM, obesity, increasing use of exogenous GCs all cause CS phenotype. Identifying no
pathologic hypercortisolism not associatethwCS creates an even greater medical challenge as the symptoms
maybe typical of CS, but these symptoms may be extremely mild or cyclic or in renal failure, incidental adrenal
masses, and pregnancy. Nieman et al therefore advises that careful chadohefial testing is essential for
accuracy of diagnosis, while considering the confounding conditions and testing may have to be repeated if the

results are ambiguod®

6.0 Epidemiology and the Development in the Management of Cushing syndrome andsdase.

6.1 Autoimmune Disease in patients with Cushing syndrome.

Petramala et al published a paper in 2018, which discussed the autoimmune diseases in patients with CS after
resolution of hypercortisolisiA¥’ This retrospective study was in the form of a literature review and case report,
(20012017), of 147 CS patientéefnale=109, male= 38, mean age = 52ygafhe findings revealed that after

surgery and followup tests, §,12,24 month)s 9 patients presesd with clinical signs and symptoms of

autoimmune diseases which, they previously had not experienced. The female patients had a high#&y ratio (
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compared to the alesin the development of autoimmune diseases. These conditions ranged from RA (1),
sysemic lupus erythematosus (1), thyroid disease (4), psoriasis, myasthenia gravis (1) and giant cell arteritis (1).
The group of patients who developed the autoimmune diseases on testirsgirgest and medical therapy, all
experienced higher levels of endogen overproduction of cortisol, higher levels of total cholesterol, low density
lipoprotein (DL), and triglycerides. These results confirmed that all patients had, “metabolic effects of

hypercortisolism, especially on the lipid pattef§’”

6.2 Cardovascular Riskand other complex medical conditions as a resultGfshing syndrome.

The cardiovascular risk from persistent high levels of cortisol is well documentadstudy conducted by Calao

et al in 2000, the authors described how heart disease can develop p&8Ratramala et al who citéde Calao

et al publicationin their 2018 article, agreed with their study findings, that although CS patients can be
successfully cured, there is an increased prevalence of heart disease, thyroid autoiasnanifgashimoto’s
diseaseand autoimmune thyroiditis and abnormalities associated with immune fulttéh.

Interestingly, there are very few literature sources which discuss some of the extremely rare medical consequences
induced by CS. One example of a rare conditions is sarcoidosis.

Diernaes et al2016), described a case study of a 46year old, Caucasian woman who presented with the classic
Cushingoid appearances and symptoms of hypercortistliskollowing surgery, she developed niplk
erythematous painful nodules which developed on her arms. Erythema nodosum was diagnosed and a suspicion
of underlying sarcoidosis, which was confirmed in her chestys and elevated plasma interleukin (&)

receptor. Following GC replacements, the lesions spontanedlisfppearedwhich led to the authors
recommendindPhysiciansto be mindful when a CS patient is successfully treated that they may haveupflare-

or emergence of corticosteraidsponse diseas¥?

6.3 Ectopic secretion of ACTH.

The ectopic secretion of ACTH is said, according to Serra é04d3f to be, “an infrequent cause of C%.”
Ectopic CS accounts for only 1086 CS etiologies. Serra et als paper describes an unusual case of a 68year old
woman with Cushingoid featess, serious hypokalaemia and on being referred for an MRI craniabs¢&mm

mass on her right paranasal sinusas identified The immunohistochemical results confirmed the diagnosis of
ectopic ACTH production. Resection of the tumour normalised the ACTH and cortisol secretion. Laboratory

analysis showed the tumour to be a paraganglioma, most of which do not present as being hormonally active. A
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nasal paraganglioma is a rare neuroendocrine neoplasm and the symptoms usually present themselves as
headachs, hypertension, excessive sweating, and anXfety.

Previously, acording to Pasini et aih 2009, there is mutation of the succinate dehydrogenase SDH enzyme, in
patients who present with a paraganglioma and therefore are required to have géingtiasdscussedn the

Serraet al case study?* The first line of this testing being for SDHC which is the encode subunits of
mitochondrial complex 11, these being responsible for the majority of familial paragangliomas and also for a

significant fraction of nonfamilial tumours, according to Baysal et al 2062.

6.4 “The Adrenal Gland: Central Relay in Health and Disea€airrent Challenges: A Perspectives 2018”
Cushing’s Disease.

The clinical burden of CD is exacerbated by the comorbidities which persistypestTo assess the current
challenges, including thdiagnostic testing and treatments, a systematic literature review was undertaken by
Gunter et al ir0191% By accessing the databases of PubMed and Medline over a period of Shgeeesults
revealed an increase in mortality despite disease remisbimreviewers found that the increase for example in
cases oDB and metabolic syndromequirednew diagnostic testing to differentiate between conditions and was
discusseaarlier in thisChapter2, Section 2.5, Pagb5-57.

The evidence that UFQ,NST and the DEXA test are validiagnostictools, is confirmed bya plethora of
publications which report successful outcomes. TSS remains the treatment of choice for CD patients who
experience variable remission and reoccurrenides.most common prescribed medical therapies being adrenal-
targeted drugsngetyrapone, etomidate, mitotane and ketocongzatel the pituitarytargeted therapy being,

pasireotide, cabergoline and retinoic aétd.

6.5 Cushing syndrome in Pregnancy.

Cushing Syndrome during pregnancy is rafdfinati et al, in 2019 prior to their study, conducted a literature
search which identified lessan 200 cases of CS during pregnafit Affinati et als studywas in the form of a
case report of a patient aftbiochemical testingvho was diagnosed as havipgegnancyinduced ACTH
independent CSAffinati et al suggested tha&S may have beeimduced by aberrant expression of ectopic
luteinizing hormone/chorionic gonadotropin receptdtll@GR), in the adrenal cortex which resulted in an
increased steroidogenesis and cortisol excess due to high human choriogonadu@@pitegels which are

produced during pregnancy. This was an interesting case of a pregnant woman who presented with a rapid weight
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gain at 1Wweeks gestation, DM, hypertension, proximal muscle weakness, violaceous abdominal and arm stria,
and facial swelling.The biochemical testsuggested ACTHRdependent CS, but her MRI scan did not identify

the presence of adrenal adenomas. However duketseverity of her condition, she underwent bilateral
adrenalectomy at 20weeks gestation. The DM, Cushingoid features disappeared, and her general health improved.
This patient, due to her condition was given an urgent Caesarean section. The rehsoimfenention was due

to, “nonteassuring foetal heart tones at 29week¥. A further kidney scan revealed that her adrenal tissue
demonstrated unpigmented18mm nodules, with biochemical testing showing an increase in expression of
steroidogenic enyanes, throughout the nodular tissue with suppressed expression in thechdar tissue. These

results suggested that her pregnancy may have mediated the CS through stimulation of aberrantly expressed
LHCGR in her adrenal glands.

CS is undoubtedly cha&hging to diagnose, batguablymore challenging in pregnancy as many of the signs and
symptoms are similar including high cortisol levels. Active Cushing’s can cause complications in pregnancy

which should be avoidetf®

7.0 Health-Related Quality of Life

7.1 Worse HealtFRelated Quality of Life at longerm follow-up in patients with Cushing’s disease than
patients with cortisol producing adenoma. Data from the ERCUSYN.

The ERCUSYN have conducted many contrasting surveys into the HRQuj their CS and CD database over
the past few decade®nerecent surveyn 2018, of M patients was conducted by Valassi et al to provide an up
to-date evaluation of their HRQoL before and after treatm&ht.

The PITCS patientsn=293), results were copared with those of ADRES (1=120), patients.

The participants completed the CushingQoL questionnaire and/eBDEQuestionnaires at baseline and/or
following treatment. The results at baseline showed no difference between the pituitary and adrenal patients in
both questionnaires. However, at letegm follow-up, i.e., after 1 year of treatment, the total CushingQoL score
was significantly lower in the pituitary group<€.045). Interestingly, no aetiology was observed with that of
HRQoL. However, patiestin remission were found to have a better total CushingQoL deer@QQ), but older
patients were recorded as having a worse total CushingQoL stafH). Depression was also associated with
a worse total CushingQoL score measured at their last folfpappointmentR<.001). Age therefore and the
presence of depression at the onset of ali@gnosiswere said to be, “potential predictors of worse HRQoL,

regardless of CS aetiology**
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7.2 Quality of Life: A LongTerm Issue?

The complex mixture of signs and symptoms caused by active hypercortisolism, do not always recede in patients
in remission. According to Webb et 2D 8),although surgery and medical therapy can control hypercortisolism,
many of the signs and symptoms remdinThis, as preiusly discussedis associated with an increase in
morbidity and mortality which are directly a consequence of the metabolic syndrome and cause medical
challenges. A recent survey conducted by the Webb et al sought to establish a way to improve BS patien
outcomes and discussed in their paper, the concept of HRQoL defining it as being ar¢atitad outcome
measure, which can be evaluated with generic or diggasarated or specific questionnaires. The CushingQoL
which was designed by Webb et akiB08 as previously discussed, is a sensitive questionnaire, which identifies
specific aspects of C88 The generic questionnaire can be used in any population and allows a comparison to be
made of QoL in different diseases or with healthy normal patiefite domairspecific questionnaire being to
evaluate a determined problem, examples being fatigue, pain, or loss of libido. The QoL scoring system has proved
to be a unique way to measure the patients’ impression of their health which is not alwaffsdd&ning a

clinical consultation antVebb et al suggestedcdbuld routinely form part of the overall clinical assessment used

in patient’s followup.1%8

The Tiesmana et al study previously referred to, also proved, that the CushingQoL questitegaiiess of

the scoring solution suggested by these authors, was proven to be a valuable resource for assessing HRQoL in
patients with CS3

The Webb et al 2018 publication provides clinicians with information as to thadamgeffects of CS and how
structural brain abnormalities and neuropsychiatric conditions, which had inl#&vthe subject dfieir QoL
researchfor a range of physical, psychological, emotional, and social issues for CS pdtigtits

Figure 8 Page 8, describes these physical and psychological issues as referred to in their. article
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Figure 8 Structural Brain Abnormalities and Neuropsychiatric disorders described in Cushing syndrome.

Courtesy of S.M. Webb et al. / Annales d’ Endocrinologie (26%.

Worth noting is that organisations such as the ERUCSYN, CRSF and the PF, UK strongly believe that patient
awareness and understanding of their signs and symptoms does help them to conform, giving them the hope for
final improvement. The stress indudadCS patient$rom thefear of recurrences and the time between follow

up appointments creates extra anxiety, resulting in psychological issues.

A prospective, randomized study conducted by MartMemblan et al in 2015, was conducted ineference
hospitals. The aim of the study wasassess how successful an educational nursing programtfid. was

for CS patients. Topics included the clinical parameters, level of pain and physical activity, patterns of rest and
the use of health resourc€&This study of 61 patient83.6%being females asdivided into 2 groups. Group 1

was an intervention group which were given educational sessions performed over a period of 9 months and Group
2 was a control group vigh did not have the educational sessions. The CushingQoL questionnaisegsiens

showed that the intervention group had a higher score compared to the healthy group in all items of the
guestionnaire. This study revealed that the intervention group had improved physical astvg@9,(P<.0J),

and reduced pain£0.46 P<.05), and improvedsleep (=0.53, P>.01). Although this was a brief study, these
findings confirmed that an educational program can improve HRQoL for CS patients and should be recommended

as part of their treatment regime. Once again, the CushingQoL questionnaire prdvadtheitcontext of
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longitudinal design, to be a reliable, valid, and responsive test tool in identifying the signs and symptoms matched
with the biochemical testingThese findings concurred with previous studies, an example being the Nelson et al
(2013) psychometric evaluation of the CushingQoL questionnaire, and how they found this to be an ideal tool,
which is in accordance with recommendations set forth by regulatory agencies in the USA and Europe and allows

comparison of different treatments on gagients’ outcome¥?

7.3 Affective alterations in patients with Cushing syndrome in remission are associated with decreased Brain
Derived Neurotrophic Factor and cortisone levels.

Many of the studies reviewed in this Chapteport on the significanthangeghysically and psychologically
which CS patients experience, thus affecting their HRQoL. Bfaiived neurotrophic factoBDNF), is known

to regulate the HPA and this according to Valassi e2@L9 is, “highly expressed in brain areas coningjl

mood and response to streg8?” These authors study of 36 CS patients in l®@rg: remission aimed, “to assess
affective alteratiori created by longerm remission of C8nd toevaluate whether they are associated with serum
BDNF, salivary controland/or cortisone concentratiof$$. The BDF11l questionnaire, the Center for
Epidemiological Studies Depression Sc&l&ED), Positive Affect Negative Affect ScaleANAS, StateTrait
Anxiety Inventory §TAI) Perceived Stress ScaRSS and the EuroQoand CushingQoL questionnaires, were

all used in their study. These questionnaires were analysed to evaluate anxiety levels, depression, stress perception
and QoL respectively. Biochemical testing was conducted using the LNST. The main results itith¢éteall

items of each questionnairthose in remissioshowed worse scoreand demonstrated that low BDNF levels,
“are associated with affective alterations in, ‘cured’, CS patients,” including depression, anxiety, and impaired
stress perceptiof* The biochemical testing confirmed that it might also be related inversely with associated trait
anxiety ¢=0.377, P<.04Q. The latter condition according to Gidro20(3), “refers to the stable tendency to
experience and report negative emotions such as fears, worries and anxiety across many $ft/Gtiooric
hypercortisolism in CD has in previous studi@sknowledgedhat patierd tend to develop alterations inefin
“personality profile.”?°° Dimpulou et al 2013), in their crossectional study into the increased prevalence of
anxietyassociated personality traits in patients with CS fodefihite personality traits associated with high
anxiety combinedwith traits of low externalizing behavioufhese authors suggested that changes in levels of

anxietyand personalitghould be considered when treating and diagnosing patients @it C
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7.4 Clinical score system in the treatment of Cushing disease: faitarielentify discriminative variables from

the German Cushing’'s Registry.

In 2019,Stieget al published a paper which reported on their study of using a clinical score system in the treatment
of CD2%The aim of the study was to develop a multidimensional and integrated scoring instrument that would
assess 42 variable CD symptoms, inclugihgsical and psychologicalréit-anxiety with biochemical testing

over a 12month period. This study proved to be inconclusive as it failed to provide clinical key parameters in
the study population with CD in discriminating the biochemical cured @Bra with the nortured CD patients
following their treatment. This resulted in a failure to construct a clinical scoring system which could reflect the

benefits of the clinical treatmefft

7.5 Preoperative medical treatment in Cushing syndrome. Feay of use and its impact on postoperative
assessment. Data from ERCUSYN.

In 2018, the ERUCSYN group published a paper which discussed their study into-thEe@tve medical
treatmen{PMT), in CS patients, the treatment being cortlealering medictions?%®

Examples of these being steroidogenesis inhibitors such as ketoconazole, metyrapone and mitotane. Using the
ERUCSYN CS database, the authors accessed information from 57 centres in 26 European @hjecidge

1) of this study was to evaltahow frequently PMT is administered to CS patients across Eudbjective 2)

was to examine any difference in preoperative characteristics of patients who receive PMT and those who undergo
primary surgery, an@®bjective 3)was to determine if PMT infnces postoperative outcome in PCS. A total

of 21% of the patients were found to be taking PMT. The results showed that the -sctofmie and pituitary
sourceCS patientswere found to be significantly more likely to have taken PMT compared with-8BIRatients

(P<.00)). Interestingly, the patients with RITS were found to have moet the point of diagnosisevere

clinical features and a poorer QoL th#mosewho wereundergoing primary surgeryP€.05). However, the

pituitary patients whavere treated with PMT, initial post TSS, wdoaind to bemore likely to have normal

cortisol levels P<.01), but a lower remission raté®€.01). The results, therefore demonstrated that within 6
months possurgery, there were no differences reportedhénremission and mortality rates between the surgery

and PMT groupg® The ERCUSYN database presently shows that within Europe a ratio of 1:5 CS patients have
PMT before their surgery. The authors found that the type of medication varies throughtwrbihean centres

and oftenPhysicians prescribed PMT if there is a long period of time to wait for surgery. Presently there are

differences in opinions regarding postoperative normalization of cortisol lawels‘this can generally be
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considered a markef persistent disease and a possible predictor of possible recyremoedingo Valassi et

al who conducted this stud$?

7.6 Cyclical Cushing’s Syndrome: A Multidisciplinary Approach to Diagnosis and Management.

Cyclical Cushing’s syndromeCCS, is said to be an uncommon disorder which is caused by intermittent
hypercortisolism, thus creating a diagnostic challenge. This form of CS is found in patients wit§,Ridrenal

and ectopic ACTH secretion including bronchial and thymic carcinoiduusras well as ectopic ACTH secreting
pituitary adenomas. A diagnosis of cyclical CS is made through biochemical testing.

Habboub et al in their 2019 publication described CCS as being diagnosed after biochemical testing which
demonstrated at least 3 geaand 2 troughs in cortisol production with similar distance between p&akhe

authors in their publicatigmeported on a single case of a 39year old male who was ultimately diagnosed with
CCS. This patient presented with Cushingoid features which included weight gain, bruising, moon face, prominent
dorsal cervical fat pad and muscle weakness. His DEXA tesalexy an abnormal cortisol lev&l(g/dL), with

elevated 24our UFC x 2282ug/24 hour and 119ug/24 hour, normal <100). The morning ACTH ofiétn{al

6-48), midnight salivary cortisol level was also found to be elevated at 1,500 ng/dL. The-ORK/supjpession

test was also high and therefore suggested the presence 6t*CCS.

This is an interesting observation in that the number of tests required for a diagnosis of CCS is very dependent on

the accuracy and timing of the biochemical testing.

8.0 Narrative Review Summary

This narrative review revealed that the HRQoL in patients, even in remission can be poor due to multifactorial
reasons. The complexities of diagnosis, treatment, and patient outcomes cause medical challenges, and this is the
reason vay more endocrinology teams continue to attempt to find answers as to how to improve HRQoL in CS
and CD patientsSince Harvey Cushing in 1912, first described CS the approach to diagnosis and management
has significantly advanced yet remains challengi@§. is still rarely considered as a differential diagnosis.

The progress in knowledge to date gained by the digitiplinary medical team has created argoing thirst

and quest to find better, quicker solutions for diagnosing CS and CD. The evidesested within the range of
publications confirm many of the theories, and the knowledge gained since Harvey Cushing’s first CS patient.

This knowledge has been exponential but also prompted the desire to desslopmplex bumore efficient
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methods andools to measure a patient's HRQoL both pre and post diagnosis and how tothedleceyth of
time for a diagnosis.

This narrative review informed the author as to the past and pstsdigs of HRQoL and gave the opportunity
to critically appraise the relevant material to study current clinical practices and identify if there arein'¢fags

knowledgeand if CS patients could be better managed through support mechanisms araivaisedss.
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The following Chapter (3)explains the research methods adopted to conduct a HR@e¢y®f CS and CD
members oPituitary Foundation UK andssociations Qbjective3 and the Health Professionals sestriictured

interviews QObjective 3.

Chapter 3

Research Methodology

1.0 Introduction

1.1 Literature Review.
A comprehensive narrative review of current methods of diagnosing and treating &tgatsive }, and the

consequences of being diagnosed with CS and methods of measuring the impact of these on their HRQoL.
(Objective?), was conducted.
The narrative review systematically produced results of relevant

a) diagnostic, prognostic, treatmentsdathe HRQoL challenges for patients in the active andactiue
phases of CS and CD.

b) qualitative and quantitative studies reported in books, journals and at conferences enabled a critical
appraisal of the strengths and weaknesses of current praatidgzovided the raw materials which
provoked reflection and debate.

Experts in the field of endocrinology and radiology were consulted and their individual ideas, insights and
experiences helped to facilitate this researchyégldeda deepeunderstading of the disease processes and the
comorbidities which affects C&dCD patientdHRQoL.

Interpreting the results of previous studies which included linkages to the researchers’ findings, and observations,
and the inferences drawn from other studieas wssential in judging whether the results were relevant and
methodologically sound.Comparing the research with this author's personal experience of these medical
conditions helped to focus on designing the theoretical format which underpinned the afethig HRQoL

Cushing survey questionnaire for this stu@dyppendix3, Page228242).

1.2 Defining Health-Related Quality of Life
“The aim of measuring HRQoL is to assess a patient’s perspectives on the impact of health on their lives as a
result of medical interventions®! Prior to designing thenethodologyfor this research, the importance of

studying the variations in the definitions of QoL was crucial in order to understand why there are these variations
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in the definitions and what influence if any that this would have on designing a newer method ofngieasu
HRQoL in CSand CD patients

Quality of life has been described recently, “as the degree to which an individual is healthy, comfortable and able
to participate in or enjoy life events,” the concept being that QoL encompasses general wellbeingiandshap

in individuals but also includes their physical and mental hé3lth.

Healthrelated quality of life and QoL are said to be used interchangeably, according to Karimi and Brazier
their2016paper they, “concluded that the concepts of HRQoL ad mse, are confusing and requires to define
HRQoL as the way Health is empirically estimated to affect QoL or use the term to only signify the utility
associated with a Health Staté&? Since the 1980s, the concepts of HRQoL have evolved, and althcalthhibe

one of the important domains of overall QoL, other domains have emerged for example, cultural, social aspects
of life, work status and spirituality. These domains have added complexity when measuring QoL and researchers
continue to seek new technigg in which to conceptualize and measure these multiple domains in parallel with
physical and mental healtiflie WHOQOL Group, 189.2%®

The WHO (201, definition of Health is: “the state of complete physical, mental and sociabaield, which is

marked, not only by the absence of disease or infiriifity This definition remains unchanged on their 2020
website.

Although QoL and HRQoL have been used interchangeably, the latter is preferred when specific effects of a given
condition on QoL are analysed. HRQoL provides an unambiguous measure of health status which merges a
patient’s perspective with clinical parameters, thus allowamgbjectiveassesment ofthe impact of a disease or

the efficacy of a medical intervention on a subjétt.

1.3 Healthcare Professionals Ser8tructured Interviews.
Objective 4of this study was to conduct sestiuctured interviews with a range dealth Professionals, the
objective being to establish their awareness of the signs and symptoms of CS and CD kndwlerige of the

diagnostic processes and treatment regimes.

1.3.1Health-Related Quality of Life SurveyPersonal Contribution
As part of the review of literature, the author found it not only useful to study previous HRQoL CS/CD surveys
but alsoto take advice from a Consultant Endocrinologist Dr Elena Valassi, who had assisted in developing the

Webb et al, 2008 CushingQoL questionnaire, and was proactive in developing the ERCUSYN guidelines.
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Meetings with this Endocrinologist assisted in the preadsggaining a fuller understanding of why a disease
specific questionnaire was the most efficient method of measuring QoL in CS patients.

However, based on the author’'s personal experience of having been diagnosed with Cushing’s also helped in
designingadditional survey questions, to allow timemberghe chance to provide responses in their own words.
Using this personal experience during the design of this questionnaire afforded a unique opportunity to modify
and extend existing methods of analysirfg@bL for future studies.

The use of thematic analysis was adopted to integrate the findings and grodogeelling insights into the
membergliagnostic and treatment journeys and their personaliéghin turn, yielded rich information. This
methodbeing complimentary to the quantitative results, and seldom if ever, practiced as comprehensively within
previous Cushing’'s HRQoL surveys.

In sunmary: to achieve tts study’sobjective B8), the author designed a questionnaire, which sought to establish
the reasons why CS and CD remelsive andcomplex medical conditions which are often snis urdiagnosed

for many years and in additipind outhow aware and informed Health Professionals are of CS when diagnosing

and treating these mediaanditions QObjective 4.

2.0Pituitary Foundation UK
Being a member of the PF UK enabled the author to work with them in allowing permission for other Cushing’s
members to participate in this survey and thiduded gaining access to other endocriasoaiationswhich

enabled 12 countries including the UK to participate.

Health-Related Quality of Life Survey.

2.1Ethics Permission

To conduct a HRQoL surveyOpjective 3, permission was sought from tie= UK* and the University of
Cumbria Ethics CommitteeAppendixl, Page226, and Appendix 2Page227). The scientific merg of this

survey were outlined on the university’s ethics form. Information included: the aim of the survey, potential
benefits to patiets, expected contribution to the existing body of knowlefgkthe research framework and a

copy of the survey questionngi@ppendix3, Page228-242).

Prior to completing the survey questionnaire, permission to participate in the study from each member was
requested. The PF administration staff were responsible for contacting their Cushing’s members to gain their

permission to take part in the surveydadistributing the questionnaires by email to those who accepted the
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invitation. The members were also asked for their informed consent on the Information and Instruction form. To
comply with the Data Protection AQ@18, a numerical code system as démml inSection 2.6, was applied to

each guestionnaire to ensure that no individual participant could be personally idéhtfledSP or hospital
medical records were requested or accessed during this study.

*In Chapter 1 Sectionl.3,Pagel6, a descrption is given as to the role of the PF in the UK.

2.2Inclusion/Exclusion Criteria

The study population was recruited from Cushing’s members of the PF, UK, the Pituitary Assoaiadioins

CSRF. These members were in the active orawtive phase of CS and/or CD.

These organisations’ main role is to give support and advice to patients with endocrine diseases, as previously
discussed, and therefore presented an ideal, reliable primary source in which to obtain HRQoL data related to

these medical conditionExcluded from the study were members under 16 years old.

2.3Pilot Study

The pilot study commenced on th&dt September 2019 and 12 Cushing’'s members of the PF UK, were given
until the 3¢ of September 2019 to complete thelim@ questionnaire. The quantitative results of the pilot study
were analysed, and a minor change was made to Questigelrgplaced Die of BirtH. The response rate was
91.6% (n=11). A descriptive analysis was conducted, but no inferential statistics were performed on the resultant
data. The reason for the latter, was that the study population was considered too small to achiesaiagfum

results.

2.4Main Study

The main study survey commenced in February 2020 and was completed in April 2020. A total of 100 invitations
were circulated online to Cushing’s members of the PF, UK, the PF Association and the CSRF. Members from
other global Pituitary organisations in the world, allowed an -ntividual and inteicountry cultural
perspective, {otal of 2 countries.

*Please note that the survey was conducted during the onset of C®VID
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2.5 Study Design

Prior to planning the survey, the narrative review of previous HRQoL studies revealed that the validated
CushingQoL diseasspecific questionnaire, and the Tuebingen ZEDeontained the major clinically important
guestions related to the physical, psychological, and cognitive conditions related to CS &id'€1%?

Using these researchers experiences of measuring HRQoL in Cushing’s paliesiéndQoL and Tuebingen

CD-25), the design of the present study’s questionnaire was dispasiic and contained the main components,
based on the formentioned questionnaires standard format design. The latter being essential to compare the
present study results with those of past studies. Additional detailed questions were devised to generate more
comprehensive information from each member and based on the author’s personal experience of CS and CD.
This was a crossectional study questionnaire which consisted6 questions consisting of sgiestions@pen

and closed)

The questionnaire comprised of 4 Sections which contained questions related to: the point of diagnosis, including
baseline demographics, aetiology of CS, the length of time between onset of symptoms to final diagnosis, number
of HealthcareProfessionals aasulted, clinical features, comorbidities, diagnostic wapkincluding medical

imaging and biochemical testing, treatmermstsrgery and medical therapyand the support mechanisms. The

latter questions were particularly related to each member’'s genetabging and their families’ and healthcare

teams’ perceptions of disease awareness,

The final sections of the questionnaire afforded the members an opportunity to rate thamd@@mmment on

any other personal experiences of their Cushing’s illness which would be of benefit to this study.

2.6 Statistical Analysis

An IBM Statistical Package for 8cial Servicesversion 26(SPS&26), was used to analysis the data. The
analytical methods were both quantitative and qualitative. A simple ceglgsigm commencing numerically at

F1, F=femald, and M1 M= male), was established to categorize the data for each of the questionnaires. The
results including the Tabular and Graphic displaye reported itChapters4, Pagesl02-156.

Please note that a statistician was consulpeidr to circulating the questionnaire, to ensure that the chosen

methods of analysis were appropriate

2.6.1 Descriptive analysisvas conducted fahe sociodemographic and Cushing’s variablesg(, agegender,
work/educational status, clinical characteristics, types of biochemical and diagnostic imaging

examinations/procedures, treatments including medical and surgical therapies, hospitalisatinissian,
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recurrences, number ¢thysicians consulted), and were reported using numerical values (median, mean, min.,
max., SI), confidence intervalsd]), andfrequency ranges (% The Question Response Ra@RR=%9, was

alsoincluded in each of the quém results.

2.6.2Qualitative Analysis.A thematic analysis of the textural content given in the answ€yadstions 8g)9a),

was used to ascertain pattertitee(mey which werebased on the members perceived changes in their social and
personal lives and any further informatioQuestion40), which they experienced, negative or positive as a
consequence of their Cushing’s illness. Using the frequency results for the reasons given for a change, the
emerging responses were coded in hieratical order to categorize the data. This process enabled the analysis of the
commonthemeswvhich emerged from the members responses. The frequiicgf(responses are displayed in

GraphsThe thematic analysis is reported in themes and examples of quotes are given in the narrative analysis,

Question 2@vas designed to establish the physical, psychological, and cognitivienmapts which each member
had experiencegrior to their diagnosisand whether at the time of completing tuestionnaire they were
continuing to be experiencing less, the same or more of these condiionsn{ status A scoring point system
was usedor the listed items. One point was given for each condition, using a tick box. B@s pyior to
diagnosisandBox Bcurrent statusThe sum of the scores for each member, for each Box was calculated.
To establish the existence of a significant chaimgéhe signs and symptoms scores betwBer Aand B,
descriptive statistics were calculated and reported in the mean, min., max., and SDPatadstests were
performed on the data to assess any differences in scores i.e., the 24 items rglayisigabsigns and symptoms
prior to diagnosiscompared to theurrent status This test was repeated for the 6 items related to the
psychological and cognitive impairment signs and symptoms. MaduBs and Clgvere reported for the results
of the paired tests. The Cronbach’s alpha was also applied to the data to measued guesistency of the test
items and the coefficient alpha reporteth statistically significant level result for the\Rlue was set & < .05

and95%for theCl.

2.6.3.Age Group Analysis: Physical, Psychological and Cognitive Impairments signs and symptoms, (Question
20, Current Status).
To establish if there was an age group of members who had higher scores in Qudstioe20statu} the ages

of the study population were placed into age groups as follows:
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Age Groups:19-29, 3040, 41-51, 52-62, 63-73.

The mean, min. max. values, including the SD, for the physical signs and synqioers statusand the
psychological and cognité impairment signs and symptonesifent status), were calculated for each of the age
groups

An Independent sample t tagas then applied to compare the mean values of the age groups who had the highest
number of scores for Box B (current statushe Hartley test for equal variance was also applied to the data and
the F and Rralue and CI results reported, to indicate if there was a likelihood of a significant difference in the
number of physical signs and symptomsrfent statuy between these ageogips and for the psychological and

cognitive impairment signs and symptorosr¢ent status

2.6.4Measurement of Selfated Quality of Life prior to diagnosis, during treatment and current HRQoL status
was based on Likert scales with fikesponse categories: and was rated on a sealevihere 1 corresponds to
Very Poor Health, Poor Health, d~air Health, 4Good Health, and-¥ery Good Health. The lower the score
representing the greater the impact on perceived HR@aledtions 39 )ab), ¢). The descriptive analysis was
reported using frequency valués)( the melian min., max and SD results, The Krusk#hllis H test KWH)

was applied to the data to examine potential differences between each of the 3 measured categoriegoi.e., prio
diagnosis, during treatment aodrrent statusThe results were reported by giving the KWH test valugthe P

values.

2.6.5 AdditionalQualitative Analysis.

Assessment for normality in the distribution of the variables was performed usingdrissogrwo sampletésts

were performed to compare the differences in the Likert QoL scores for the variables: age, length of time for a
diagnosis, recurrence, remission, type of treatments, including surgery, multiple surgeries and us@idRGCs

The Pearson correlation coefficients were then calculated to assess for linear associations between QoL and age,
number of years in remission, number dfyBicians consulted prior to a diagnosis and length of time for a
diagnosis. Bivariate regression analysis was performed with the predictor values of age, gender, remission status,
RT, GC usage, length of time for a diagnosis and aetiology of CS.

The Goodness of fit (Pearson’s efguare tegt was also applied to the data and the Mallows 'Cp criterion and

adjusted Rsquared values to quantifye] the main variables affecting their HRQoL.
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In summary: These tests were applied to the data to assess the possibility of an association between their HRQoL

scores and the variables which could have influettoeid response.

2.6.6 Limitations

It is acknowledged that a limitatiadn the accuracy of the resultsay be present iQuestion 20ahere the
membersvere requested taé&call their medical conditions prior to their CS/CD diagnosis aqilgstions 39a),
39b),to rate their QoL prior to their diagnosis and during their treatments. For Quaiitipthere is the also an
opportunity to answer if their medical conditions, both physical and psychological have impmavedt(statup

and inQuestions 38), an opportunity to rate their QoL current statuihe inclusion oturrent statugherefore

allows themembersa chance to reflect and answer more accurately on how their conditions have improved or
deteriorated over time.

*Recall bias was taken into consideration when analysing the results, particul&lyefstion 20bandQuestion

39a)where the ability of the membersriecall thér pastmay have resulted in inaccurate responses.
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Chapter 4
Results

The following Chaptercontains the results of the HRQoL survey (PAR,Tahd the interviews with Health
ProfessionalsRART 3. The related Graphs and Tables are displayed within the textural content of Chapter 4,
Results Pages 10256.

PART 1

1.0 Health-Related Quality of Life Survey Questionnaire Results
The results of the answers to the questions for the 4 Sections of the questionnaire are presented in the first part of

this Chapter.A fuller analysis is discussed @hapter5, DiscussionPagesl57-196.

Questionnaire Results Section 1

*Please note that QRR= Question Response Rate * Copy of Questionnaire is in ABpeades228-242.

Study Demographics, Work and Education Status.

The survey study population was 71 Females and 15 Malegall Questionnaireesponse rate86%

1.1 The following Table (9, displays the demographic result§Questions 13).

Table 2

SECTION 1 FEMALE QRR MALE QRR
Median + SD Median + SD

Age Range (Years) 42 £ 11.2 pars | 100% 39.0 +8yrs 100%
(19-70 years) (28-50 years)

Gender FEMALE 100% MALE 100%

(n =71) (n=15)

Country of Residence Australia =1, Canada =1

(Number of Female & Male England = 37 Guatemala = 1 Kenya = 3 Malta =

Participants) 2, 100%
New Zealand = 3,

Total participating Countries=12 | Northern Ireland = 6
Southern Ireland = 3 Scotland = 12 USA=15
Wales = 2.

1.2 Study Demographic Results
Main Observations Most of the study population were femal82 5%) and resided in England. The youngest

member was 19 and the oldest 70 years 8dtH females (Female median age= 42, years, Male median age=
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39.4 year} A total of 12 nations took part in this surv@articipantsiemberswere recruited from the
Pituitary Foundation UK, Pituitary Association and the CSRF.

The following results in 13 are theanswers to Questiond-7, which asked thanembersif and why their
Cushing’s diagnosis had impacted on their work and/or education.

1.3. Impact on Work and Education Status due to Cushing’s lliness.

Question 4The study population response rate for was 89.6%male and Male, n= 77).Prior to being
diagnosed with Cushing’s treimber of fulitime employed was 43%4.1%), parttime employed, 2127.2%,
retired 10 (14.9% and 3 (4.4% were semretired but worked partime. The work status and range of
occupations for the study populatiare displayed ifTable3 below.

Question 5 Twelve QRR=13.9% of the study population answered Prior to their diagnosig;%)( were fult

time students and 2%%)of those were pattime studentsQuestion 6 was answered by all membeFsventy-

nine @0.8%)of the 71 females had to give up work permanently fromtiimé employment although they had
named their occupation in Question42 (599, did not give up work or their studies permanently although 13
(18.3% of those members chose to work gtarte or take semietirement. Two 13.3%9, males had to give up

work permanentlyrior to their diagnosisl (6.6%9, had to give up their studies completely and824), did not

have to give up work. However, 6.6%) of them now works patime._Question 7 sought to establish the
reason(s) if and why the members had to either give up work, take dimgavtork, retire or give up their studies
due totheir Cushing’s illness.

Forty-two females %9.1%), who answered YES named their physical and psychologicalitions which had
caused them to have to change their work or education status.

Table3 Female & Male Work or Retired Status.

Occupation/Retired No
Managers & Company Directors 6
Professional & Technic&ccupations 17
Administration/Secretarial 4
Leisure & Other Services 6

Sales & Customer Services 12
Elementary Occupations

Creative Arts & Travel

Health Careservices

Retired 1
SemiRetired with Partime work

Housewives

Unemployed

P NWoOoO O NW

QRR= 89.5%

10z



Chapter 4 Results

Figure 9displays the range gfhysicaldisabilities reported by 2230.9%) of these female@vean number of
illnesses=3.

Impact on Work and Education Status due to Cushing’s lliness

Figure9.
Physical Disabilities
(Females n=22)
8
7
6
5
4
3
2
1
0 I [] I l - ] ]

Addison's Cardiac Diabetes  Loss of Loss of Loss of Muscle Body PainRheumatoid
disease Problems Eyesight Hearing Smell  Weakness Arthritis

QRR=30.9% Figure dlisplays the range of physicdisabilities reported by the female study population in
answer to Question TMeannumber of illnesss=3).

Fifty-four (76%), females reported that they had experiemssghologicatonditions and cognitive impairments

[and this had impacted dheir ability to work effectively. Twelve (22.2f60f the 54 answered this part of the

question despite not having to give up wdqikgure 10),

Figure 10
Psychological Disabilities & Cognitive Impairments
(Females n=54)
18
16
14
12
10
8
6
4
R
0 |
Hypomanic Anxiety Stress Lack of Memory Loss Depression Fatigue
Attacks Concentration

QRR= 76%. Figure 1@isplays the range of reported psychological disabilities and cogmitipairments
reported by the female study population in answer to Questidean number of illnesses3.4
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Ten (14%) of these females reported that they had experienced both physical and psychological disabilities.
The QRRfor the males wa83.3% (n=14). Although only 2 males had to give up work permanently and 1 their
studies, 14 of them reported physical and psychological conditions which had affected their ability to work
effectively. All 14 reported that they had experienced phy#inakses as a result of their Cushingfegén=1

illnesy. Nine 60%) of them also reported that they had experiem®ahologicaldisabilities and cognitive
impairments, fhean=2 ilinessgs Three (20% of the males reported that they had experienceddiotsical and

psychologicallinesses Figure 11).

Figurel1l Range of Reported Physical, Psychological Disabilities & Cognitive Impairment

Physical, Psychological Disabilities & Cognitive Impairment
(Males n=14)

4.5
3.5
2.5
15
0.5

Fatigue Anxiety Depression Hypertension Obesity Muscle Body Pain
Weakness

QRR= 88.7%. Figurel displays the collective results of tphysical,psychological disabilities and cognitive
impairmentfor the male study populatioeported in Question 7.
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The following sections 2.0 and 3.0 reports the results of Questions 8, 8a) 9, and 9a). These questions were

designed to ascertain their Cushing'’s iliness had changed tliresocial lives and personal relationships.

Impact of Cushing’s on Social life, Personal and Family Relationships.

2.0 Social Life

2.1 Descriptive Analysis

Question 8: The QRRwas 100%. Fifty-eight 81.6%) of the females found that their Cushing'’s illness had
impacted on their social life, and 180049, of the males also found this to be the case. The same 58 females and
12 males gave their reasons why their social life had chandg@destion 8a) The mean number of reasons for

the females was 2nin.=1, max=4, and for the 12 males the mean was alsoi €1, max.=3.

Figures 12 and 13 displays the study populations reasons why their Cushing’s illness had impacted on their
sodal lives.

Impact of Cushing'’s illness, Social Life, Personal and Family Relationships.

Figure 12Social Life Females, n= 58

Reasons for Change in Social Life
(Females n=58)
Lack of Confidence & Self Esteem

Few Friends

No Desire to Socialise
Mobility
Too lll

Anxiety, Depression, Mood Swings & Lack of:.:
Body Changes

Exhaustion & Fatigue

0% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50%

QRR=81.6%. Figurd2displays the results of the reasons given by the 58 female members. Details are discussed
in Question 8
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Figure 13Social Life (Males n=12).

Reasons for Change to Social Life

(Males n=12)
Anxiety & Stress
Severity of lliness
Body Change
Exhaustion & Fatigue
0% 10% 20% 30% 40% 50% 60%

QRR=80%.Figure 13displays the results of the reasons given by the 12 male members. Details are discussed in
Question 8

2.2 Qualitative Analysis.

A narrativebased inductive approach was adopted to combine the descriptive statistics with the texturalsrespons

of how Cushing’s had changed their social lives and personal relationships.

The sequential responses from these questions assisted with this approach and enabled the analysis of the

gualitative data, with the aim of formulating a level of patternedoresgs within each of the data sets.

2.2.1Social Life Changes(Female Results, Question 8a

Qualitative Analysis

Using the frequency results for the reasons given for a change in their social life, the emerging responses were
coded inhieratical order to categorize the data. This process then enabled the analysis of the common patterns
which emerged from the members responses. The following are examples of quotes taken from the female
responsewhich are representative of takampleandare reported in the emergent themes 1 to 8.

Theme 1Exhaustion and fatigue@as mentioned b¢3% of the females, highlighting their inability to be able to

engage in social activities due to being constantly tired and physically weak.
Example Quotes:

“I h ave young children but don’t go out at all as | am very tired all the time”.
“Having to rest before and after work, too tired to socialise”.

“Really ill some days and experience fatigue and very tired and sleepy”.
“Due to fatigue, | do not even go out ity husband”.
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Theme 2 Body ChangesThese changes were described?b96 of the members as a reason for not wanting to
socialise. This was often due to embarrassment, physical disabilities and psychological conditions which
culminated in a lack of setfonfidence.

Example Quotes:

“Prefer not to go out or meet people | haveseen in a long time due to the changes in my body (central obesity,
thinning hair, hirsutism) plus | now have to use crutches due to muscle weakness. Conversation is exhausting and
| struggle to follow a thread or find words to reply with lots of pausekémmiddle of sentences and | will feel
mentally and physically drained for a couple of days after social gatherings, even just a couple of people visiting
me.”

“l used to be a very sociable person. | now spend most days at home. | live with severe hyperhidrosis (excessive
sweating) in my scalp, which is very embarrassing when trying to socialise. Severely obese, my weight affects me
when | am out as | get short of breath quickly. | avoid being in areas that don't have seats as | cannot stand for
long perobds. | also have to be close to the toilet as | urinate often and sometimes have sudden release of my
bowels.”

“l am often too tired or in pain to participate in social functions. | also struggle with brain overload...I struggle

to process if things are tdmisy,and | get overwhelmed. It's also extremely disheartening to be social when your
body has changed SO drastically in such a short period of time.”

Theme 3:Anxiety, Depression, Mood Swings and Lack of Concentration. Twaatgent of the members found
themselves, often due to exhaustion and social anxiety, experienced mood awdngsgeneral feeling of
negativity associated with these conditions.

Example Quotes:

“After the initial diagnosis my friends felt | should get over it. They are unaware of the daily struggles and the
depression that goes with it. They are also unaware of the other illnesses that are-arkatfekt. | have become

less social aa result and more paranoid about how people view me. | tire easily and generally cannot be bothered
to go out.”

“My husband could not ‘deal with’ my disease, so he divorced me. The main reason that he couldn’t deal with it
was the mood swings from the hormonal imbalances, and the sudden drop in cortisol levels after the first
unsuccessful surgery (Transsphenoidal Hypophysectomy). The adenoma grew back 3 years later, so | had to have
Gamma Knife Radiation.”

Theme 4 Severity of illnessNineteen percenfound the debilitating effects of their Cushing’s iliness had caused

an impact on their ability to socialise.

Example Quotes:

“l work part-time as | am quite ill.”

“l cannot go out without a carer nearbyif | don’t have one, | can’t see anyohe.

“Unable to socialise due to being very ill and therefore no friends.”

Theme 5 Mobility A lack of general fithess due to a range of physical disabilities created difficulties in mobility

for 12%of the female members and this in turn reduced their atilispcialise, particularly outdoor activities.
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Example Quotes

“Due to mobility issues and fatigueam not able to do as much as | used to do. | used to be very fit & active but
now | struggle to do much at all.”

“l find difficulty in walking due to mgpinal problems and therefore rarely go out.”

“My social circle has reduced because | can't cope with everything | used to do, | get so exhausted and have
developed some social anxiety. Some friends have not understood so have fallen away, over my journey, as | have
had to cancel social events at the last minute. My journey started in 2003, so it has been a long road to remission.

| can’t cope any longer with the physical demands. | have Spinal Stenosis, along with Spondylitis & Arthritis in
my lumbar and cervical spine areas. | am reliant on a walktrwk, mobility scooter or wheelchair now. This has

impacted where | go and what | do.”

Theme 6 Lack of Desire to Socialiseras given as the reason for not wanting to engage in social activities by

12%of the females. This was often due to a lack of confidence, sexual desire, and fatigue.

Example Quotes:

“Can’t enjoy all the physical pursuits that | once had therefore | do not go out very often. | have no sexual drive.”
“Yes, | have a lot of anxiety, for no specific reason. So, | am less social than | was before. | am less tolerant of
people and interactions, and don't feel like going out.”

“I no longer want to go out with friends in the evenings for dinners or happy hour. My body physically gets too
tired. | also cannot handle alcohol in my system. It makes me feel like my cortisol is going way too low.”
Theme 7 Friendships9% of the members said that they had difficulty making friends, had lost friends often due
to giving up their work or educational pursuits and others found they were too tired to go out and make friends.
Example Quotes:

“Giving up university has meant thahhave very few friends now.”

“Not well enough to venture out, therefore previous friendships have ended.

“Having to rest before and after work, therefore not able to make friends due to lack of energy.”

Theme 8 Lack of Confidence and Sed#fsteem.Although only 3%of the members mentioned these feelings in

their quotes as being the main reason for not socialising, many of them mentioned their anxiety levels, body
changes and this could be suggested as anxiety disorder. This suggestion is also based on their account of their
lack of confidence in themselves.

Example Quotes:

“Significantly less selesteem, do not go out unless it was work or family.”

“Can’t face going out, lack confidence. Very little friends except at work.”
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“ Giving up work meant that I lost contact with my friends. My husband is not a socialiser, so we very rarely go
out.”

2.2.2 MaleResults (Question 8a).

Fourcommon themes emergédm the male responsagad the following quotes are representative of the sample

population.

Theme 1 Exhaustion and Fatigue. Si%Q% of the 12 males who answered YES uestion 8a), wrote that

they were constantly tired and working exhausted them.

Example Quote

“So tired can't go out.”

“Tired after work so mainly sleep after and weekend in bed resting and not happy with peopleraecund

“Too tired and weary to cope with life.”

Theme 2:Body ChangesThree 25%) of the males found that their body changes, particularly their weg#ght

created embarrassment which affected their confidence.

Example Quotes:

“l tend not to go out apart from work as | have put so much weight on and lost all of my hair.”

“l find that | am a bit embarrassed about my weight and put off going out because of this.”

“Due to my excess weight gain | rarely go out. Cannot also afford much as | am now forced to work part time.”

Theme 3 Severity of lliness: Three26%) of the males described their physical and psychological conditions

which had affected their social activities.

Example Quotes:

“Just really don't understand why, but find it hard to keep a job as | am always feeling ill and have extreme
headaches,”

“No social life. Found work and home life extremely hard work, lack of concentration, mood swings and generally

feeling unwell.”

Theme 4 Anxiety and Stress: Twd. 6.699 of the males described their reason for a change in their social life

as being mainly due @nxiety and stress.
Example Quote:
“Limited amount of outgoings as | find it hard to even go to work at times because | feel so ill with anxiety and

stress.”
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3.0 Personal Relationship Changes

3.1 Descriptive Statistics (Question 9)

Question 9 Sixty-eight ©5.7 % of the females and 1493.3%9, males answered this question, and all gave
reasons whyheir personal relationships had either changed or remained the Biity¢hree 84.1%) of the 68
females experienced a negative change in theisonal relationships, only 1.6%9 female found that her
relationship with her husband had become closer anéi4189g, described their relationships as unchanged.
Twelve 85.799 of the 14 males who answered this question experienced a negative thangeyaining 2
(14.299, males found no change.

The mean number of reasons for the females wemdr21, max.=4 and for the maleamin= 1, max.=2.
Figures 14 and 19elowdisplays the frequency results (%) of the reasons why thepspdiations experienced

a change in their personal relationships.

*Please note: Figure3, Page 112graph also includes the 14.2% of males who experienced no change.

Figurel4 Personal Relationships (Females

Changes in Personal Relationships
(Females n= 63)

No Relationships
Body Image

No Change

Lack of Understanding
Loss of Interest
Sexual Relationship

0 10 20 30 40 50

QRR=95.7%. Figurd 4 displays the results (%), of the reasons why their personal relationships had changed for
the 63 female members. Details of the results are discussed in Question 9

111



Chapter 4 Results

Figure 15Personal Relationshipsviéles.

Changes in Personal Relationsips

(Males n=14)
Lack of Understanding
No Change
Loss of Interest
Sexual Relationships
0 10 20 30 40 50 60

QRR=93.3% Figure 15 displays the radts (%), of the reasons why their personal relationships had changed
for the 14 male members. Details of the results are discussed in Question 8.

3.21 Qualitative Analysis (Question 9a)
The following are examples of quotes taken fromféreale responseshich are representative of the female

sampleand are reported in the emergengiites 1 to 8.

3.2.2.Female Results

The thematic analysis of the textual content given in the answers to Questiare 9ajported in thiSection
using quotations from the emergent 5 themes, based on tfem@8s perceived changes in their personal
relationships.

Theme 1Sexual Relationshipiwenty-five (39.9% of the @ females who answered this question, wrote intimate

details of how their reduced libido had affected their relationships with their partners/husbands. Ei@dgpen (
of these 25 females split from their partners as a result of tt6898,(of them divored

Example Quotes:

“My husband is very supportive, but we have been through hell and back. | have been irrational, short tempered
and lessaffectionateOur physical relationship has changed as well.”

“My husband left me as | did not want sex with him, my children haveolef®, so | now live on my own. |
only have a few friends who worked in the local hospital with me.”

“My marriage broke down shortly after | was given my Cushing’s diagnosis. This was probably due to my
inability to have sex and get pregnant.”
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Theme 2Relationship BreakdowrAs previously mentioned, 182%), of the 25 females who had experienced

a lack of libido, due to their Cushing’s, split with their partner/husband also gave additional reasons. The overall
% therefore out of the 63 wa8.5%.0f wham had no relationships of a personal nature.

Example Quotes.

“What few friends are left, | rely on them to come to me. | lost ngaeefidence and have become a shadow of
who | once was. I'm now post op and embarrassed by how much | rigiglets and how much I rely on the

support and patience of others. My partner resents me having been so ill for so long and there is nowhere | can
go as | has little money now and am scared of becoming homeless and ill on my own if | leave.”

“Little desire for intimacy with my boyfriend, get irritated by small things and can get moody when I've always
been very laid back, plus inability to go out means less variety of activities together.”

“Due to the mobility & fatigue issues I'm not able to meet upfviends as much as | used to. | have become
more withdrawn from my husband even though he is very supportive, this is due to fatigue, body image.
Everything takes so much effort. Intimate relationship is difficult due to lack of libido & tirednessn\tVe do

sleep in the same room now as | need more sleep than he does, plus he snores & fidgets & that makes sleep
harder for me. Plus, it's complicated as he suffers with erectile dysfunction due to type 1 diabetes.”
“Divorced, my husband stated | wasn't the person he married.”

“My last boyfriend said he didn't want my medical history inherited by children.”

Theme 3Loss of interest in Personal Relationshipsielve 9% females gave reasons why they had lost interest

in forming personal relationships. The main reasons were lack of sexual desire, emieatizssause of their
body changes, loss of interest in living, sedteem, confidence, mood swings, widowhood and generally feeling
negative.

Example Quotes:

“l am not so owgoing as | used to bend don'’t really want to mix with my fellow students and form a personal
relationship with anyone.”

“No partner or boyfriend due to my inability to feel confident enough to go out and therefore | have lost interest
in formingrelationships.”

“No interest in pursuing any relationships and find that | am become more and more isolated due to the virus.”

Theme 4Lack of UnderstandingNine (14.2%), females gave detailed accounts of how their husbands/partners

and close friendsid not understand the reasons for their personality changes, mood swings, psychological and
physical changes. This in turn created a dissatisfaction within relationships, a mistrust and in some cases a
resentment.

Example Quotes:

“Friends didn't get ne, maybe even thought | made everything up. They became people | felt | couldn't count on
for support and so, they stopped being friends. For those who stood by me, the opposite happened. | now know

my true friends. There's also, me pushing people away. Wanting some peace, not wanting to be reminded about
my body. So, some friendships ended.”
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“Lost my friends as | seem to have lost interest in life, friend don’t understand.”

“My husband and | had a great sex life but now | have lost interest and he get very frustrated to the point of
having an affair. He simply doesn’t understand.”

“Due to my severe psychological changes my husband and family found it difficult to accept and understand the
changes.”

“Mood swings. | feel people close to me find it veifficult to understand the sudden change in moods. | often
have to say no to things, because | tend to have a lot of off days. Having to rely on others more now, to do
things. Like help with cooking, cleaning, going to appointments. | need more ematidmabral support.”

Theme 5Body Image Five (7.9%9, females said that their body changes were the main reasons which led to
breakdowns in their personal relationships and their sexual desire. Bl6eg¢ ¢thers said that they disliked
themselves duettheir body image as a result of their Cushing’s and it was preventing them from engaging in
social activities and hence, forming personal relationships.

Example Quotes:

“People don’t understand. We look relatively normal, even as our appearance changes...we don't look “sick”.
But we cannot function as we normally would and participate in social things...that creates distance naturally.
Then you have others who think you are making things up or just being lazy.”

“None of my friends, nor acquaintancesderstand the symptoms of Cushing’s, and many of them blamed me

for theobesity, saying things like, “You're making your own self fat. Just watch what you eat.” Though | told
them, “I cannot eat half the time, because | become too bloated and uncomfortable that if | eat an apple, it
affects me as if | had eaten a@@urse meal.” They just don’'t understand. | had one friend who was

consistently trying to convince me to have Gastric Bypass, because it worked for her. However, SHE did NOT
have Cushing’s. | even went to her Gastric Surgeon and sat through the Seminar. The surgeon himself told me |
would NOT be a good candidate for Gastric Bypass due to my Cushing’s. It most likely would NOT work.”

“I have lost interest in my appearance and havealasire to make love. My children seem to be disgusted with
me due to my appearance.”

3.2.3. MaleResults (Question 9a).

Three common themes emerged from the 14 male respor@asstion 9apnd are reported below:

Theme 1Sexual Relationships: Eigh67.1%9 of the 14 males described how their lack of libido had a negative

effect on their personal relationships. Subsequentl$7 %%9 of them divorced.
Example Quotes:

“Yes, it has-staying at home has meant that | have not been meeting people, | am gay and do not seem to
attract any new acquaintances. | have also lost my desire to make love,”

“We hardly ever have sex as | am too tired and have no sexual drive,”

“I am divorced, and | blame this on my illness as | found it difficult to be emotional and lack any sex drive. |
also find that | sweat heavily, and | am losing my hair,”

“I have just got divorced after 25 years of marriage. The main reason was that | couldn’t make love,”
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Theme 2No Interest: Three 21.4%),males admitted that they had imterest in forming personal relationships
and they blamed this on their Cushing’s iliness.
Example Quotes:

“Less tolerance. | get frustrated easily. Prefer to be alone. | worry that things won’t work out, so | don’t wish to
have any personal relationships,”

“Had no desire for relationships,”

“I am married but lost interest in my personal and intimate relationships,”

Theme 3Lack of UnderstandingThree 21.4%) of the male members wrote of their partners and friends lack of

understanding as to the nature of their illness and how this impacted on their ability, desire to have sex and their
lack of energy and interest in socialising.
Example Quotes:

“Erectile dydunction so | lose a lot of fun time and my wife just thinks | am making it up and does not
understand this is due to my Cushing’s. Energy to do anything together is none after work.”

“My girlfriend has left me as | don’t want to go out and she doesn’t understand and thinks | don’t want to be
with her,”

Main Observations Both female and male responses had common themes which identified the interrelationship
of social factors with their individual thoughts and resultant behaligatterns. The body changes, mood
swings, anxiety, cognitive dysfunction, and physical disabilities are examples which created negative impacts on
their lives and in turn, a lack of desire to socialise, inability to socially adjust and in some casesréomalp
relationships.

The impact of the psychosomatispects of endocrine disease and QoL is-d@tumented and will be discussed
furtherin Chapter5, DiscussionSection 16Pagesl78180. where comparisons will be made with other similar

findings.

Question 10sought to establish if friends and family undeostthe nature of their Cushing’s illness. The female
QRRfor this question was 95.7%wenty-nine @2.6%) of the 68 members who answered YES, agreed that their
family and friends did understand their Cushing'’s illness,4281049, of the members answered N&leven

(16.19% participants felt that their husband and/or friends partially understand their Caslhilegs.

Four (28.5% of the males answered YES, their family and friends did understand the nature of their iliness. Seven
(5099, answered NO. Thre21.499, of the members suggested that their family/friends partially understand. The

maleQRRwas93.3.%.
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4.0 Endocrine Team Support

The following results are presentddr Questions 11, 11a) and 11b). These questions were designed to find out
if the endocrine team involved their family during their diagnostic and treatment journeys and how

improvements could be made.

4.1 Question 11 had ®RRof 98.5%for the female and100%for the mals.

Female Results:

Thirty-nine 65.7%9, females answered YES, the endocrine team had involved their family during consultations,
31(@44.29%, did not. The male results showed tha#t8.§%9, answered YES, thendocrine team had involved

their family during consultations, however,38(3%9, did not agree.

Thirty-eight ©7.499, of the 39 females, who answered YES in Question,ltbak the opportunity to describe

how they found the endocrine team to be very supportive, althBugt?%9 of them gave some negative
comments.

One R.6%) membemwrote:“l always attend on my own. | feel like my mum would get to upset if she came in so
trying to manage her feelings while trying to understand what I'm being told would have been tough; and my
Male Results:

Question 11a):0nly 3 males answered thiQuestion One (33.3%9, found that there was very, “little
information,” given to them about their illness, while anott&3.8%9, reported that the endocrine teaig‘not

seem to understand the full nature of their illne€ie other member found, “tlendocrine team to be very
helpful in answering their questiofis

Question 11b),asked the members for suggestions as to how their endocrine team could improve including
involving their families during consultations. The fee@RRwas60%and the males 73.3%.

Table4 and Table5, belowdisplays the responses for the study population who ansWerestions I1b)These
Tablesdemonstrate how those who answered these questions felt about their endocrine team support and the

suggested methods which could help increasemunication andupport mechanisms.
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Table4 Endocrine Team Support Male Responses)
Frequency of Responses Responses (Question 11b)
(n=11)
27.2% Information/Explanation and more advice would be helpful with family
present at consultations.
27.2% Family not asked to attend consultations.
18.1% Psychological support would help.
9.5% Consultations to, “rushed”.
9% Would be helpful to have family or friends attend consultations.
9% More sympathetic and carirapproach.

Table4 displays the results for the male study population who answered Question 11b). which focused on how
they felt about their support from their endocrine team, and how it could be improved,

Table5 Endocrine Team SuppofEémaleResponses).
Frequency of Responses Responses (Question 11b)
(n=42)
52.6% Information/Explanation and more Advice would be helpful and bett

communication skills, caring approach.
with their family present at consultations and more time during

consultations to ask questions.

21.4% Helped to have family, friend, or carer during consultations for supp
and guidance.

9.5% Don’t know how to improve/or does not need to be improved.

9.4% “Speedier Diagnosis”, by listening more, “some endocrinologists ar
better at diagnosing than others.”

7.1% Counselling angbsychological help for both themselves and their
family.

Table5 displays the results for tifemale study population who answered Question 11b). which focused on how
they felt about their support from their endocrine team, and how it could be improved.
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The results of Sectior? of the Cushing’s Quality of Life survey questionnaire are presented in the following
Sections 5to 7.

5.0 Diagnosis of Cushing’'s syndrome & disease.

Questions 12 to 19 were designed to ascertain details of the merdizsostic journeg and their length of

time in remission and recurrences.

5.1 Year andLength of Time for Diagnosis of CS and CD

Question 1zhad aQRRof 63.3%for the fematsand aQRRof 86.6%for the males. The year of diagnosis for 45
(63.399 of the females who were diagnosed with CS was between 1990 to 20201.01e female reporte

that she had been diagnosed with CS but could not remember which year. The year of CS diagnosis is displayed
in Figure 16, Page 118along with the numbers of members/year. The number of males diagnosed with CS was
13 86.6%9. Figure 17, Page 119disdays each year of diagnosis for the 13 males who were diagnosed between
1999 to 2019.

Question 13/14Forty-four (61.9%) of the females were diagnosed with CD between 1993 and E@f0« 18,

Page 119. Twentyone (47.7% of the 44 had also been diagnosed with T'® male results revealed that 6
(40%), were diagnosed with CD, 66.6%), of them had also been diagnosed with Ei§ure 19, Page120
displays each year of CD diagnosis for the male population, which waselnet®89 and 2019. Notable, was

that 1 male had been diagnosed in 1999 aged 14.

Questionnaire SECTION 2

Figure 16

Year of Cushing's syndrome diagnosis
(Females n=45)
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QRR= 63.3%.
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Figurel7

Year of Cushing's syndrome diagnosis
(Males n=13)
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QRR=86.6%
Figures16and17 displays the year in which the study population were diagnosed with CS.

Figure 18

Year of Cushing's disease diagnosis
(Females n=44)
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QRR=61.9%.
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Figure 19
Year of Cushing's disease
(Males n=6
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QRR= 40%

.Question 15:All females answered this question who were diagnosed witmE4s). Median length of time
for adiagnosis of CS was 5ykars, fhin= 4 days, max.=10 years
Eleven 84.6%9 of the 13 males diagnosed with CS also answered this question. Median length of time for a
diagnosis was 3.7 yearsnif. =6 months, max. = 7 years
Question 15a)For the 44 émales who were diagnosed with CD, the median number of years for a diagnosis of
CD was 5.1 years, (min. =1.6 months, max.=10 years
For the 6 males who were diagnosed with CD, the median number of years for diagnosis of CD was 2.2 years,
(min.=3 months.max.=4 years

* Total number of members diagnosed with C6arid CD=50 and both CS ar@D= 25. Figures based on

QRRs (CS=68.6%, CD=58.1%, Both= 29%).

5.2Remission and Recurrence

Question 16a)The QRRfor the females was 98.5&#d for the male$00%. 52 (74.2%) of the females were in
remission25.7%,(n=18), were not. Eighty percemi£12), of the 15 males were in remission &6 (n=3),

were not.

Question 16b)The QRRfor the females wa9.2%and the male$0%. The length of time in remission of 36
(69.299, of the females out of the 52 in remission, varied from 6 weeks to 19 eatg@( time= 6.1 yea)s

For 6 (50% of the 12 males who were in remission, the median length of time in remission was 5.6 years

(min.=1lyear, max.=12 yea)s

12C



Chapter 4 Results

Question 16cTwenty 31.2%) of the 64 females who answered this question, had a recurrence andré844% (

had not, (QRR= 90.1%

Three 1.499 males did have a recurrence, P8.th=11) have had no recurrence of their Cushing@RR=

93.3%).

Question 16dNineteen 95%), females answered this question out of the 20 who have had a recurrence. Median
time for a recurrence was 1.8 yearsrn(= 6 monthsmax. =4 yearks The number of recurrences ranged from 1

to 5, the mean number of recurrences was 2.

All 3 males who have had a recurrence answered this question. One of the males had 1 recurrence, 1 had 2
recurrences, and 1 answered 3 recurrences. The median letigth for a recurrence was 1.5 yearsir(.= 13

months, max.= 2 years).

5.3Who made the diagnosis and how long did it take?

Question 17 a)g) sought to establish who diagnosed their CS and CDQRi®=100%.

Tables 6and 7 belowdisplays who made theitial diagnosis of CS and CD for the study population. Notable,
was that 3245%) of the females were diagnosed by other Health Professionals, prior to confirmation of a
definitive diagnosis by their endocrine team, and onlyl829¢4 by their GP.

All 15 males answered this question. Notable, also was tH#8.8% of them were diagnosed by other Health
Professionals and 2Q%), by their GP prior to a definitive diagnosis being confirmed by their endocrine team,

Table6 (Femak Results, Questions g

Who Diagnosed your Cushing’s? Number
(Females)
General Practitioner 12
Neurosurgeon(D) 11
Other Health Professionals 32
Self-diagnosed/Family/Friends 16
QRR=100%
Table7 (Male Results, Question 17g).
Who Diagnosed your Cushing’s? Number.
(Males)
General Practitioner 3
Other HealtHProfessionals 8
Self-diagnosed/Family 4
QRR=100%
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Question 17h)Thirty-two (45%) of the females and §38.3%9 of the males named the discipline of the Health
Professional who had initially diagnosed their Cushing’s. The female participants named 16 healthcare disciplines
and the male$5. The unnamed consultants were reported twdrking in orthopaedics(Tables 8 and ®

Table8 (Female Results, Question 37h

Which other Health Professional diagnosed your Number.
Cushing’'s?

(Female}
Orthopaedic Consultant
Gynaecologist
Psychologist
Psychiatrist
Urologist
Dietician
Cardiologist
Dermatologist
Fertility Clinic
Neurologist
Obstetrician
General Physician
Radiologist
Rheumatoid Consultant
Neuraendocrinologist
Nurse
QRR= 45%The results are reported in Chapt#rQuestion 17ay).

RlRPRRRPIPRRRINw|w| oo

Table9 (Male Results, Question 1)zh

Which Health Professional or another person Number

diagnosed your Cushing’s?
(Maleg

Unnamed Consultants

Psychologists

Urologist

Paediatrician

Medical Intern

General Physician via Internet

PRk

QRR=53.3%. The results are reported in Question 17a)

Question 18invited the members to quantify the number bfy$icians and/or member of the healthcare team
who they had consulted prior to their diagnosis.

The QRRof the females wa82.9%and for the male93.3%.Two (3.1% of the 64 females answered, ‘many.’
The median number dhysicians/healthcare staff consulted prior to their diagnosis whagsicians in.= 1,
max.=18, for the females and for the malds median number was 2if.=1, max.= 4.

Question 1aesultsreported the length of time for a referral to the endocrine teamQRIRfor the females was

92.9%and for the male86.6%.
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The median length of time for referral to the endocrine team for the 66 females was 3.6nyeard, day, max.=
9.5 yeary.
The median length of time to be referred to the endocrine team for the 13 males wasnlyea®, fhonths, max

=7 yean).

6.0 Prior to and PostDiagnosis Signs & Symptoms.

6.1 Signs & Symptoms.

Question 20A scoring point system was used for the physical, psychological, and cognitive impairment signs and
symptoms in the tick boxes provided in the questionnaire. The score was calculated by adding up separately the

sum of the number of crosses placed in each of the A and B Biyssin{ for each X

Question 20, Box Awas composed of 2ghysicalsigns and symptoms questions and 6 psychologiadl

cognitiveimpairmentquestions, which asked if the members had experienced any of the listed itenwsthaor

diagnosisBox Basked the same 30 questions to ascertain whether the members were still @xpenigyncing
them.

6.2 Analysis of the physical signs and sympisPrior to diagnosisand CurrentStatus.

a) Female Results.
Table 10 Page 124displaysthe results of the Mean, Max., Min and SD results for the physical signs and symptom
Prior to and Current Status for the female study population.
Figure 20, Page 124displaysthe frequency results (¥%f the collective femalphysicalsigns and symptoms
prior to diagnosisas answered in Box A and tberrentstatus, Box B.
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	There are therefore variations in the current statistics related to CS.  In 2018, according to the Virtual Medical Centre, the prevalence was approximately 40 per million and the incidence, 1-2 cases per million of the population.9 The World populatio...

