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1. INTRODUCTION



1.1 THE KIDNEY — THE ORGAN
1.1.1 ANATOMY

The kidneys are paired and lie in the retroperitoneal space at the level between the 12
thoracic and the third lumbar vertebrae. Their weight is each about 150 grams and their size is

about 10-12 cm long and 5-6 cm wide (1).

The arterial blood supply into the renal hilum via the left and right renal arteries
originates directly from the abdominal aorta at the level of the first lumbar vertebra. In the
kidneys, they divide further into segmental, interlobar, arcuate, cortical radiate arteries and
afferent arterioles leading to the glomerular capillaries. From there, they develop into the
venous system with afferent veins, vasa recta and peritubular capillaries, cortical radiate,

arcuate, interlobar and renal veins, which drain into the inferior vena cava (1).

The kidneys are innervated by the renal plexus with sympathetic and parasympathetic

fibers, which originate from the celiac plexus (1).
1.1.2 HISTOLOGY

Macroscopically, the kidneys are bean shaped and have a brown reddish, fibrous
capsule. In a frontal cut, they have a renal cortex in the outer lining and the medulla in the
center. The medulla contains 5-7 renal pyramids divided by the renal columns. The tip of each
pyramid is a renal papilla, draining primary urine into the minor and major calyces and finally

into the renal pelvis, which is the beginning of the ureter (2).

Microscopically, the renal cortex and outer medulla contain the nephrons, which are the
functional units of the kidneys. Every kidney has about 1-1.5 million nephrons (3). The nephron
consists of the glomerulus, a bundle of about thirty capillaries, which is supplied by the afferent
arteriole and drained by the efferent arteriole (2). The glomerulus is surrounded by the
Bowman'’s capsule, which has an outer, parietal layer and an inner, visceral layer. The parietal
layer consists of squamous cells. The visceral layer consists of podocytes, which ultrafiltrate
the primary urine into the tubular system (2). The filtration barrier consists of three layers, the
endothelium of the glomerulus for blood cells, the glomerular basement membrane for
molecules larger than 70 000 Daltons, such as proteins or albumin, and the podocytes (2). The
tubular system is divided into the proximal convoluted tubule, the intermediate part, also called
the loop of Henle with a thin descending and thick ascending part, the distal convoluted tubule
and the collecting tubule (2). The collecting tubules drain in larger papillary ducts into the renal



papilla, where the urine is further transported (2). The juxtaglomerular apparatus is situated
between the renal corpuscle with the afferent and efferent arteriole and the distal convoluted
tubule. It has three components: the granular cells, the macula densa and the mesangium
extraglomerular cells. The granular cells are close to the afferent arteriole and contain renin.
The macula densa is situated on the wall of the distal convoluted tubule. The mesangium
extraglomerular cells are between the described cells and are connected to the mesangium

intraglomerular cells (2).
1.1.3 PHYSIOLOGY

The kidneys have multiple essential functions, for which they need a high blood flow.
Their minute blood volume is about 1200 ml, which is equal to 20% of the cardiac output (3).
The renal function involves the homeostasis of water and electrolytes, such as sodium,
potassium, calcium, chloride, and magnesium (3). Furthermore, the kidneys excrete substances,
such as urea, uric acid and creatinine. The kidneys reabsorb nutrients, such as glucose and
amino acids. They regulate the homeostasis of acids and bases by excreting or reabsorbing
hydrogen, hydrogen carbonate and bicarbonate (3). Another important function is the synthesis
of hormones and enzymes. Erythropoietin is important for the activation of the erythropoiesis.
Renin regulates the blood pressure via RAAS and will be explained in detail in the section about
GFR. The final hydroxylation of cholecalciferol to active vitamin D also takes place in the

kidneys (4).

Each function is assigned to a specific part of the nephron. In the glomerulus, the
primary urine is ultra filtrated from the capillaries. The glomerulus is lined by three layers. The
endothelial layer retains blood cells within the capillary (3). The glomerular basement
membrane has tightly packed, negatively charged proteins, which retain plasma molecules
larger than >50-400 kDa and negatively charged proteins such as albumin. Therefore, the
ultrafiltrate is normally almost free of protein (3). The podocytes cover the negatively charged
glycocalyx and filters molecules up to 5 nm. Molecules with a smaller size of 5 kDa are freely
filtered, including glucose, amino acids, peptides, inulin, urea, uric acid and creatinine (3). The
primary urine is drained into the tubular system. In the proximal convoluted tubule and thick
descending part approximately about 60% of water and salts and almost all glucose and amino
acids are reabsorbed (3). The loop of Henle has a high osmotic pressure for the concentration
of the primary urine. In the thick ascending tubule, Na"™-K*-2CIsymporters are active, which

support urine concentration (3). The distal tubule returns adjacent to the glomerulus as the



juxtaglomerular apparatus, which gives precise feedback and regulates the filtration rate in the
glomerulus. The filtration rate is down regulated by constriction of the afferent arteriole if the
sodium concentration or the flow rate is too high (3). The collecting tubule is regulated by the
hormones aldosterone and ADH regarding urine concentration and water excretion. Aquaporin-
2 is a water channel, which becomes active under the influence of ADH, thus enabling intense
water reabsorption (3). Aldosterone increases the reabsorption of sodium and secretion of

potassium and hydrogen (4).

The GFR is the flow rate of filtered fluid in milliliters per minute. The normal GFR is
about 120 ml/min. The filtration rate depends on the hydrostatic pressure in the glomerulus, the
surface area and the water permeability (3). The capillary pressure needs to be constant,
therefore, the kidneys exercise autoregulation of the capillary blood pressure. This compensates
blood pressure ranges between 80-180 mmHg (3) by two mechanisms: The Bayliss effect is a
myogenic reaction of the smooth muscle cells of the walls of the afferent arterioles and
interlobular arteries. With increasing intravascular pressure, slow calcium channels open
mechanically and lead to a preglomerular vasoconstriction and vice versa (3). The second
mechanism is the tubuloglomerular feedback. If the sodium chloride concentration rises within
the ascending part of the loop of Henle, the macula densa cells in the juxtaglomerular apparatus
initiate preglomerular vasoconstriction (3). If the blood pressure falls below 80 mmHg, renin is
released by the granular cells in the juxtaglomerular apparatus to activate the RAAS. Renin
activates angiotensin II, which induces global vasoconstriction to increase systemic blood
pressure and vasoconstriction of the efferent arterioles to increase pressure in the glomerulus,
therefore, leading to a higher GRF (3). If the blood pressure is chronically elevated, pressure

diuresis results (4), which can damage the glomeruli and consequently the renal function.
1.1.4 SYMPTOMS

A first symptom of renal failure to the patient may be a disturbance of miction. Oliguria,
anuria and polyuria may indicate acute or chronic kidney failure (4). Another important

symptom may be noticeable oedema, especially at the extremities or eye lids (4).
1.1.5 DIAGNOSIS

A valid diagnosis starts with an anamnesis, where a clinician asks the patient about
miction, flank pain, oedema, fever and headache. A clinical examination includes the evaluation
of the vital signs, oedema, skin colorit, dermal sensitivity regarding polyneuropathy, kidney

palpitation pain, transabdominal auscultation of the renal arteries (4).



A blood analysis gives additional information about creatinine, urea and inflammatory
markers. Serum creatinine is subject to several factors as it is a metabolite of muscle mass and
is excreted and secreted by the glomeruli. Urea is a metabolite of proteins and can be
reabsorbed. Inflammatory markers are not specific to the kidneys, but are relevant for the

evaluation, if an inflammatory process is active in the patient (4).

Urine analysis can be taken from a sample of spontaneous urine or from collected urine,
meaning spontaneous urination in a specified 24-hour collection period or from a catheter.
Firstly, color and clearness are evaluated macroscopically. Bright urine indicates a strong
diuresis, dark urine can indicate dehydration or acute renal failure. Red urine is a sign of
haematuria or may be caused by drugs or food. If leukocytes are in the urine, it appears cloudy.
A urine stick gives further information, if erythrocytes, leukocytes, glucose, or proteins are
excreted in the urine (4). Macro- or microhematuria, glycosuria or proteinuria indicate renal
damage (4). Proteinuria can be categorized into prerenal, glomerular, tubular, glomerutubular
and postrenal. The glomerular proteinuria is characterized by permeability for proteins larger
than 60 kDa and may be divided into selective proteinuria when only albumin is excreted, or
nonselective proteinuria, when e.g. additionally IgG is secreted (4). A urine stick gives

information about the pH of the urine, specific weight, bilirubin, and ketone bodies (4).

Functional diagnostics includes the evaluation of the clearance. The unit of clearance is
in milliliters per minute and indicates, how much blood plasma volume is filtered. The GFR 1is
a marker for renal function and is equal to the clearance of freely filtered substances (4). The
pressure within the Bowmans capsule is maintained constant and the glomerular capillary
pressure is autoregulated by the afferent and efferent arteriole (3). This has the strongest
influence on the GFR. If the GFR is reduced, this can be caused by a lower glomerular capillary
pressure because of hypovolemia or hypotension, by higher hydrostatic pressure in the
Bowmans capsule in case of urinary congestion or when the filtration is reduced by reduced
permeability caused by structural damage in diabetes or amyloidosis. A higher GFR can be

caused vice versa by hypervolemia, hypertension, or fever (4).

The options for medical imaging of the kidneys includes sonography, x-ray, CT and
MRT with or without contrast agents. Sonography is the first imaging method due to its
availability, low costs, and no radiation exposure. A clinician can evaluate renal size, blood flow
and ureter dilation (4). An x-ray of the kidneys may be performed without contrast agents to

detect urolithiasis. In chronic urolithiasis or congenital ureter anomalies, an x-ray or CT may



be performed with and without additional iodine contrast agent to detect obstructions and their
causes (4). CT and MRT are used if a tumor is suspected. The MRT is more appropriate due to
its better imaging of soft tissue than a CT. A radio nuclear contrast agent may be used with a

scintigraphy gamma camera to assess the clearance of each kidney individually (4).

Invasive diagnostics include a biopsy of the kidneys if a nephrotic syndrome is

suspected or if there is idiopathic acute renal failure (4).

1.2 RENAL INSUFFICIENCY
1.2.1 DEFINITION

Renal insufficiency can be divided into acute renal failure and chronic renal

insufficiency.

Acute renal failure is the sudden decrease in renal function and the corresponding GFR.
This results in a sudden increase in serum levels of urea and creatinine, ultimately leading to

dysfunction of salt and water homeostasis (5).

Chronic renal failure is an irreversible and persistent decline of glomerular, tubular and
endocrine renal function persisting over 3 months. The insufficiency is progressive and

ultimately resulting in renal replacement therapy, such as dialysis or renal transplantation (6).
1.2.2 ACUTE RENAL FAILURE

The traditional definition of acute renal failure is vague, as there are no specific time
frames in hours or days for “sudden” or “rapid”. The severity of acute renal failure may correlate

with the rapidity of onset (5).

The serum concentration of urea may vary, as it depends on drug therapy, amount of
protein intake, gastrointestinal hemorrhage and critical illness. The serum concentration of
creatinine depends on the muscle mass, which varies with age, sex, amount of muscles and
creatinine generation. Therefore, creatinine cannot give an acute estimate of the true GFR and
lags behind changes in the GFR. If a patient is on dialysis, creatinine is removed from the blood.

All in all, this makes creatinine a rather unreliable marker for the GRF (5).



Historically, there was no universal definition of acute kidney disease. The RIFLE
classification (Figure 1) for acute renal failure was developed in 2000 by the Acute Dialysis
Quality Initiative ADQI as a guideline for treatment and prevention. It includes the grade of
injury as risk of kidney dysfunction, injury to the kidney, extent of kidney failure as measured
in changes in creatinine levels, GFR and urine output, and, furthermore, the development of

loss of kidney function and end-stage kidney disease. This together forms the acronym RIFLE

Change in
serum level of Change in
creatinine GFR Urine output
|
Risk of kid ney Incraase = 50% Decrease = 25% | = 0.5 mU'kg hourly
dysfunction . far = 6 h
Injury to the Twofold increase Decrease = 50% |= 0.5 mU'kg hourly
kidney for = 12 h
Failure of kidney | Threefold increase or Decrease > 75% | < 0-5 mUkg hourly for > 24 h
function = 350 pmol/L with an or anuria for = 12 h
acute rise of = 44 pmal/L

Loss of kidney ’ : ; ; e ;

] 4
funiction Loss of kidney function, which requires dialysis, lasting longer than 4 w
522;5:;199 kidney Loss of kidney function, which requires dialysis, lasting longer than 3 mo

i

().
Figure 1. RIFLE classification (h = hours, w = weeks, mo = months)

Source: Hilton R. Defining acute renal failure. CMAJ. 2011;183:1167-9.

The RIFLE classification has several weaknesses: Outpatients with acute renal
dysfunction may present without baseline values for their individual renal function, which the
RIFLE classification heavily depends on as visible in Figure 1. Quick changes in serum
creatinine are also problematic, as they do not correlate immediately with an actual change in
GFR. The assignment to the group of changes of creatinine and urine output into the same group
may be arbitrary, as serum creatinine is a more precise predictor of mortality than urine output.

In this case, it is important to use the less favorable RIFLE level (5).

In 2005, modifications were made to the RIFLE criteria by AKIN. The term “acute

kidney injury” was introduced to include the whole spectrum of renal dysfunction, from minor



changes to dialysis (Figure 2). “Abrupt” was defined as within 48 hours for reduced renal
function with increase of creatinine level in total or in percent or reduction of urine output to

categorize acute renal injury into three stages and for following the clinical course (5).

Change in serum level of
creatinine Urine output
St: " Increase of = 26.4 pmaolfL < 0.5 mLkg hourly for =6 h
g€ or 150%-200% from baseline

Stage 2 Increase > _EDD%—SDD% < 0.5 mlikg hourly for= 12 h

from baseline

Increase = 300% from baseline < 0.3 mL'%kg hourly for = 24 h or
Stage 3 ar = 354 pmol/L with an acute anuria for =12 h

increase of = 44 pmol/L

Figure 2. Staging scheme for acute kidney injury

Source: Hilton R. Defining acute renal failure. CMAJ. 2011;183:1167-9.

This improves the shortcomings of the RIFLE classification, as no previous baseline
measurements are needed, however, the classification requires 48 hours, and two samples.
Urinary tract obstruction must be excluded, as urine output remains as one criterium. The
outcomes of the RIFLE criteria loss, i.e. end-stage kidney disease, were removed from the

AKIN system but remain as consequences of the renal injury (5).
1.2.3 CHRONIC RENAL FAILURE

The definition of chronic renal failure applies if kidney damage or decreased kidney
function persists over three months, independent of the cause. Kidney damage can be
established via imaging, biopsy, clinical markers or urinary sediment alterations, referring to
pathologic changes in the native or transplanted kidney. Clinical markers are increased
albuminuria, specifically an albumin-creatinine ratio ACR >30 mg/g, and a decrease in kidney

function measured in reduced GFR or eGFR (7).
1.2.4 CLASSIFICATION OF CHRONIC RENAL FAILURE

Renal damage can be classified according to the KDIGO classification from 2012
(Figure 3), reviewed from the 2002 classification by KDOQI. It subdivides the eGFR into six

categories and the albuminuria into three categories, including ACR. This classification



suggests details about the severity of the CKD rather than pathologic abnormalities, which
could be seen in imaging diagnostics or renal biopsy (6). The KDIGO classification is a
particularly useful tool to identify prognostic indications related to renal dysfunction and

albuminuria. The downside is a possible overdiagnosis regarding the elderly population (6).

Persistent albuminuria categories
Description and range
Al A2 A3
Prognosis of CKD by GFR
and albuminuria categories: NW.T::;:I to Moderately Severely
KDIGO 2012 ki increased increased
increasad
=30 mg'g 30-1300 mg/g =300 mg'g
<3 mg/mmaol 3—-30 mg/mmol | =30 mg/mmol
_— G1 MNormal or high
E
E o G2 Mildly decreased
= O
s s Mildl deratel
£ ildly to moderately
E g G3a | Gecreased
ES§ M
P~ oderately to
£e i severely decreased
& o
(=]
":':; a G4 Severely decreased
x
TR
« G5 Kidney failure

Green: low risk (if no other markers of kidney disease, no CKD); yellow: moderately increased risk; orange: high risk;
red, very high risk.

Figure 3. Prognosis of CKD by eGFR and albuminuria categories
Source: Levin A, Stevens PE. Summary of KDIGO 2012 CKD Guideline: behind the scenes,

need for guidance, and a framework for moving forward. Kidney Int. 2014;85:49-61.

1.2.5 EPIDEMIOLOGY

Early and moderate CKD is asymptomatic. It is estimated that the prevalence of CKD
in the general population is around 10-14%. Albuminuria A2 and GFR below 60 ml/min/1.73
m? have a prevalence of 3-7% in the general population (6). Data from 2013 suggest an

incidence of 10 new diagnosed patients per 100000 persons every year in western Europe (4).

Non-modifiable risk factors for developing CKD are age, male gender, non-white
ethnicity and genetic factors. Especially the elderly population has a high probability for CKD,
also called community CKD, as the rate of GFR on average declines by 0.75 to 1 ml/min/year

9



above the age of 40 to 50 years (6). However, cardiovascular events in this population seem to
have a higher mortality than CKD itself. Younger patients with hereditary or acquired
nephropathy, also called referred CKD as they are treated by a nephrologist and not the primary
care physician, have a faster decline in GFR (6). In diabetic nephropathy this ranges around

10ml/min/year (6).

Modifiable risk factors for CKD are systemic hypertension, proteinuria and metabolic
factors. As described in the next section, systemic hypertension is one of the main causes of end
stage renal disease. It increases the pressure in the glomerular capillary beds and contributes to
glomerulosclerosis. 24-hour or night-time blood pressure measurements, especially of the
systolic blood pressure, apparently correspond to the progression of CKD (6). Decreasing
proteinuria can also be a sign of progressing CKD, but an increase of proteinuria usually

correlates with the progression of CKD (8).

Therefore, KDOQI guidelines suggest screening in high-risk patients over 65 years with
hypertension or DMT2. Screening comprises urine analysis, UACR and a blood sample for

serum creatinine and eGFR (6).
1.2.6 MORTALITY IN DIALYSIS PATIENTS

The mortality of dialysis patients has improved over the last years, but it is still seven
times higher in dialysis patients over 65 years of age or older than in the general population.

The mortality rate is up to 20% per year in dialysis patients (9).

Suicide/ refusal
of therapy

4%
Termination of

dialysis
5%
Cachexia

5% Malignancy
7 %

Figure 4. Reasons for mortality in dialysis patients

Source: Fey H. Effekte von Paricalcitol auf Inflammation und Kalzifikationsregulation bei

Hamodialysepatienten. Wiirzburg, Germany: Universitit Wiirzburg; 2013.
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As visible in Figure 4, cardiovascular events account for over 30% of deaths in the
general population (10). Therefore, it is not surprising, that dialysis patients with their
propensity to vessel calcification suffer from cardiovascular events at significantly higher rates
with 39% of cardiovascular disease as cause of death, in particular, coronary artery disease and
myocardial infarction, congestive heart insufficiency, cerebrovascular diseases, stroke, atrial
fibrillation and sudden cardiac death (9). Risk factors for cardiovascular events are arterial
hypertension and DMT2, which have a high prevalence with 75% and 50% in dialysis patients.
The common treatment with statins in patients with cardiovascular disease does not seem to
benefit dialysis patients (9). Even though smoking may have a negative effect on the CKD, it
surprisingly does not seem to influence cardiovascular mortality (9). The age of a dialysis
patient has a huge impact on cardiovascular mortality as is shown in Figure 5. In young dialysis
patients between 25-35 years, their risk of dying from a cardiovascular event is 500 times higher
than in the general population at the same age. Even elderly dialysis patients of over 85 years

have a risk of five times compared to their age group in the general population (9).

1007
F 10- e
- iR =
3,, | oo o
= .
g 17 =i
3 ¥ - Key:
= 0.1 .'f,-*’ Dialysis male
E L~ —m— Dialysis fernale
0.01- ff’.’a Healthy male
-~
[ —m— Healthy fernale
I I I | I I | 1
25-34 35-44 45-54 55-64 65-74 75-84 =85
Age (years)

Figure 5. Age dependent cardiovascular mortality in dialysis patients

Source: Fey H. Effekte von Paricalcitol auf Inflammation und Kalzifikationsregulation bei

Hamodialysepatienten. Wiirzburg, Germany: Universitit Wiirzburg; 2013.
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The gender appears to have a minor role in dialysis patients compared to cardiovascular
patients only, where males are at higher mortality risk (9). Albuminuria is a significant
independent risk factor for cardiovascular mortality in connection with chronic renal
insufficiency. Atherosclerosis as a risk factor for cardiovascular mortality is accelerated by
acute phase proteins produced in chronic systemic inflammation. Extraosseous calcification
caused by the disturbance of the calcium phosphate homeostasis because of a secondary
hyperparathyroidism, also appears to influence the cardiovascular system negatively (9).
Additionally, cardiovascular events are influenced by renal anemia and left ventricular
hypertrophy and dysfunction. However, correction of anemia to normal hemoglobin levels
apparently increases cardiovascular mortality especially by increasing the risk for strokes (9).
Left ventricular hypertrophy can be detected in approximately 70% of dialysis patients, which
is probably caused by several accompanying symptoms such as arterial hypertension, fluid
volume and RAAS system disbalance, renal anemia, atherosclerosis, oxidative stress and
inflammation with growth factor and fibrose factor stimulation (9). Also, the duration and
frequency and therefore the dialysis quality have an influence on mortality. Risk factors for
cardiovascular events in the general population and dialysis patients are partially similar and

partially different, depending on the etiology of cardiovascular damage (9).
1.2.7 PATHOGENESIS

Predisposing diseases for CKD are most commonly DMT2 with 30-50% followed by
hypertension with 27.2%. Other primary diseases are primary glomerulonephritis (8.2%),
diabetes mellitus type 1 (3.9%), chronic tubulointestinal nephritis (3.6%), hereditary or cystic
diseases (3.1%), secondary glomerulonephritis or vasculitis (2.1%), plasma cell dyscrasias or

neoplasm (2.1%) and sickle cell nephropathy (<1%) (11).

The etiology can be divided into prerenal, intrinsic renal and postrenal processes (Figure
6). Prerenal disease processes describe a decreased renal perfusion pressure. This may be
caused by e.g. chronic heart failure or liver cirrhosis leading to progressive renal insufficiency
(6). Intrinsic causes are divided into 1. renal vascular diseases, for example in nephrosclerosis
or renal artery stenosis from atherosclerotic (12) or inflammatory changes, 2. glomerular
disease with nephritic (microscopic hematuria, sometimes proteinuria) or nephrotic (proteinuria
>3.5 gm per 24 h) cause (13) and 3. tubular and interstitial disease as the most common, e.g.
polycystic kidney disease (6). Postrenal diseases are caused by chronic obstruction, which may

be caused by hyperplasia of the prostate, nephrolithiasis, or an obstructive tumor (6).

12



Chronic heart failure
=3

Nephrosclerosis
Renal vascular <
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Abdominal/ pelvic
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Figure 6. Etiology of CKD

Source: Vaidya SR, Aeddula NR. Chronic Kidney Disease [Internet]. StatPearls: StatPearls
Publishing; 2022 [Updated 2022 Oct 24; cited 2024 Feb 10]. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK 535404/

1.2.8 PATHOPHYSIOLOGY

In renal insufficiency, progression is caused by loss of renal functional units, the
nephrons. As nephrons sclerose, increasing hemodynamic load is redistributed to the remaining
nephrons, leading to a hyper perfusion and hyperfiltration. The consequence is damage to the
remaining capillary endothelium and increased permeability for proteins due to loss of
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regulatory functions (4). Proteinuria stimulates the release of growth factors and the
proliferation of mesangial cells, leading to more fibrosing nephrons. This leads histologically

to focal segmental glomerulosclerosis (14).
1.2.9 SYMPTOMS

At an early stage, CKD is usually asymptomatic. Initial symptoms can be polyuria and
nycturia because of decreased renal concentration capacity. First symptoms usually occur only

when the creatinine clearance falls below 50 ml/min (4).

Uremic symptoms appear as urea, uric acid and creatinine accumulate. Gastrointestinal
symptoms manifest in form of loss of appetite, nausea, vomiting and diarrhea. Peripheral
polyneuropathy, muscle twitches, encephalopathy with headache and decreased mental
concentration manifest as signs of damage to the nervous system. Pericarditis and pleuritis may
occur. A bleeding tendency occurs due to thrombocytopenia and thrombocyte dysfunction. The
patient may show renal anemia. Pruitus, Café-au-Lait spots due to uremic toxins and uremic

foetor are also common symptoms in advanced renal failure. (4).

Hypervolemia is a direct result of the decreased GFR leading to sodium and water
retention. This causes arterial hypertonia, peripheral oedema and pulmonary oedema.

Hypertension may be intensified by activation of the RAAS system (4).

In renal insufficiency, as the kidneys are responsible for the electrolyte homeostasis,
hyperkalemia, hyperphosphatemia and hypocalcemia occur. Hyperkalemia may be intensified
by the decreased excretion of H+ ions, causing renal acidosis. Hypocalcemia triggers an
increased release of PTH (4). Together with the decreased 1.25-(OH)2-vitamin D3 synthesis
and the decreased excretion of phosphate, this leads to high turnover renal osteopenia, where
fibroblasts and osteoclasts are stimulated to release calcium from the bone (Figure 7).
Osteomalacia is a symptom of vitamin D deficiency, leading to a mineralization disturbance of
the bone, leaving it uncalcified. This is worsened by aluminum containing phosphate binders
for therapy, which were historically in widespread usage until the late 90ies. Renal osteopenia
can lead to diffuse bone pain, spontaneous fractures, and muscle weakness (4). Symptoms only

occur in 5-10% of patients, while 30% have radiologic evidence of renal osteopenia (4).

Another sign of renal failure is renal anemia, which is caused by the decreased synthesis
of erythropoietin as a hormone, which stimulates red blood cell production synthesis. This is

exacerbated by blood and iron loss on hemodialysis, fibrosis of the bone marrow and uremic
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toxins, which shorten the lifetime of red blood cells. The patients may experience paleness,

weakness, tiredness, and exertional dyspnea (4).
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Figure 7. Calcium and phosphate metabolism in CKD
Source: Bartolomeo K, Tan XY, Fatica R. Extraosseous calcification in kidney disease. Cleve

Clin J Med. 2022;89:81-90.

1.2.10 DIAGNOSIS

A first diagnosis in the general practitioner’s office can be made by screening including
the patient’s history regarding for example chronic hypertension, proteinuria, microhematuria
and prostatic disease, left ventricular cardiac hypertrophy, multiple myeloma and systemic
vasculitis. and actively inquiring for symptoms. In chronic renal insufficiency, the samples of
blood and urine should be monitored regularly to determine any trends (6). In a blood sample,
low serum calcium and high phosphorus levels with normal parathyroid hormone level may
rather suggest acute kidney injury than CKD. If a high blood urea nitrogen over 140 mg/dl and
serum creatinine over 13.5 mg/dl stand out in a blood sample, this suggests rather CKD than
acute kidney injury (6). In CKD, electrolyte imbalance with hyperkalemia, hyperphosphatemia,
hypocalcemia and vitamin D deficiency, high PTH and metabolic acidosis should make the
physician suspicious. A urine sample with proteinuria, glycosuria and urine sediment may give

hints as to the cause of the CKD (4).
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Traditionally, proteinuria should be assessed with an early morning urine sample, to
determine the degree of albuminuria, carefully considering, that other proteins might be
excreted as well. However, the urine protein-creatinine ratio is now considered superior as the
results are more robust due to mathematical adjustment for urine creatinine versus the

inaccuracies involved in 24 hour collection sampling (6).

An indispensable tool in the diagnosis of CKD is imaging, beginning with an ultrasound
examination. Typical for CKD are kidneys that are small with a narrowed and hyperechogenic
cortex suggestive of renal atrophy and scarring. Cystic transformation may also imply chronic
progress. Hydronephrosis of the kidneys are the hall mark of obstructive uropathy. The vascular
flow should be determined with renal ultrasound Doppler, if renal artery stenosis is suspected
(6). More invasive imaging is a low dose non-contrast CT scan for urolithiasis, because many
renal stones are not visible on ultrasound. Renal angiography may reveal aneurysms and
constrictions, suspicious of polyarteritis nodosa. Voiding cystoureterography should be used to

confirm or exclude chronic vesicouretheral reflux as a cause of CKD (6).

Besides renal imaging, x-ray images of the bones may be helpful to rule out renal
osteopenia. As mentioned earlier, this is often asymptomatic, but detectable by x-ray. In
hypertensive patients, echocardiography may show cardiac hypertrophy of the left ventricle.

Also, pericardial effusion due to uremia should be ruled out (4).

As a rule, treatable underlying causes should be investigated and treated along with the

CKD (6).
1.2.11 TREATMENT

This section on treatment is divided into three subsections: a) therapy of the underlying

disease, b) slowing down the progression of the disease and c) treatment of complications.

a) The general management includes adjusting drug doses to the eGFR for drugs like
ACE inhibitors and DMT2 treatment. Nephrotoxic drugs such as aminoglycosides
and NSAIDs should be replaced by non-toxic drugs. An arteriovenous fistula might
be placed, if needed for dialysis. Other underlying diseases such as hypertension,
glomerulonephritis and other systemic diseases should be treated (4).

b) The next step is to slow down the progression of CKD. Hypertension, proteinuria,
metabolic acidosis, and hyperlipidemia should be at the center of attention (6). The

target blood pressure should be at low normal levels about 130/80 mmHg and at
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target proteinuria below 1 g/day. If the proteinuria is higher than this, then the blood
pressure should be further lowered by adjusting it to 125/75 mmHg [4, p. 96]. ACEi
such as ramipril or ARBs such as candesartan are nephroprotective by lowering the
pressure in the glomerulus and, thus, reducing proteinuria. Protein restriction below
1 g/kg body weight is suggested to reduce metabolism induced hyperfiltration and
proteinuria (4). To treat metabolic acidosis, bicarbonate supplementation can be
beneficial (15). Smoking cessation is suggested by multiple studies to reduce the
risk of developing nephrosclerosis (15).

The treatment of complications includes the treatment of secondary
hyperparathyroidism by diet modification, phosphate binders, calcitriol for
increased enteral calcium absorption and decreased PTH release. Albeit with tight
control to prevent hyperphosphatemia, calcium sensitizers, e.g. cinacalcet,
stimulating calcium sensor sensitivity in the parathyroid glands enabling more
specific PTH secretion control than with vitamin D and, thus, delaying or averting
the need for parathyroidectomy (4). Renal anemia can be controlled by
administering erythropoietin, if hematocrit falls below 30% (4), considering
approximately 40% for males and 36% for females as reference values in otherwise
healthy adults (16). However, iron deficiency should be excluded or treated
beforehand (4). By regular weighing, hyperhydration can be detected early and
treated with salt and water intake restriction also with the support of loop diuretics
such as furosemide, even with low eGFR (4). Sodium bicarbonate can treat
metabolic acidosis (15). Hyperkalemia can be prevented by avoiding potassium
sparring antidiuretics such as spironolactone and adjusting the diet (4). However, in

an emergency, hemodialysis may be required (4).

1.2.12 RENAL REPLACEMENT THERAPY

If renal insufficiency progresses, this might be an indication for renal replacement

therapy. Urgent indications in the presence of uremia include pericarditis or pleuritis,
progressive uremic encephalopathy or neuropathy and bleeding diathesis (6). Other indications
are resistant hypertension, resistant edema, metabolic disorders (6) including electrolyte
imbalance such as hyperkalemia >6.5 mmol/l and metabolic acidosis with pH < 7.2 and BE < -
10 mmol/l (4), persistent nausea and vomiting and evidence of malnutrition (6). Renal
replacement therapy includes hemodialysis, continuous or intermittent peritoneal dialysis (17)

and kidney transplantation additionally to conservative or palliative care (6). The treatment goal

17



is to eliminate uremic substances such as urea, uric acid, creatinine and many other uremic
molecules not regularly measured in daily routine, and to maintain homeostasis of water,

electrolytes and acid base homeostasis (4).

Hemodialysis is a common choice for about 85% of dialysis patients in Germany (4).
As the most common form and for easy venous access, an arteriovenous fistula is created
between the radial artery and the cephalic vein, typically a Cimino-Brescia-Shunt and is usable
for permanent dialysis. Complications include infections, thrombosis, stenosis, or aneurysms
(4). In an emergency, a central venous access in form of a Shaldon catheter can be placed,
preferably in the jugular vein, whereas the subclavian vein should be avoided due to later
complications of vessel puncture-stenosis (4). The principle of hemodialysis is the passive
diffusion of particles below 25 kDa through a semipermeable membrane, where blood and the
dialysate run in opposite directions. Also, water can be extracted in form of ultrafiltration. Urea,
uric acid, creatinine and uremic toxins are extracted from the blood, while potassium and
bicarbonate diffuse into the blood. Chronic intermittent dialysis takes place three times per
week for 4-8 hours in a dialysis center or at home with various session durations and session
frequencies (4). Hemofiltration is a further renal replacement procedure, where blood is filtered
via hydrostatic pressure. Blood plasma is extracted with it all uremic substances and particles
up to 35 kDa. After filtration, fluid and electrolytes are replaced by pure substrate infusion (4).
Another option is peritoneal dialysis, where the peritoneum is used as the semipermeable
membrane. The dialysis liquid with glucose but without potassium is inserted into the peritoneal
cavity via a catheter. The fluid is replaced regularly during the day and/or night. Patients have
less blood loss and are more independent but are more susceptible to peritoneal infection and

loss of protein and glucose via the ultrafiltrate from the abdominal cavity (4).

Renal transplantation has a better general survival prognosis than hemodialysis. Patients

are eligible, if they qualify for hemodialysis or peritoneal dialysis (6).

Conservative management is chosen for very frail patients with restricted life

expectancy. The treatment is symptomatic and includes advanced care planning (6).
1.2.13 COMPLICATIONS

The ability to maintain fluid and electrolyte homeostasis on high sodium intake is lost
in CKD. Therefore, the salt or sodium intake should be restricted to 2 g per day, as the KDIGO
suggests (6). Hyperkalemia needs to be prevented in patients with oliguria, hypoaldosteronism

and tissue break down. This can be achieved by restricting the potassium intake and careful
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dosage of ACE inhibitors and nonselective beta-blockers (4,6); however, in persistent cases oral
potassium binders may also be required. As a treatment for metabolic acidosis caused by
retained H', supplementation with bicarbonate to achieve a serum bicarbonate target of 23
mmol/L is suggested to prevent osteopenia, increased protein catabolism and secondary
hyperparathyroidism (6). Secondary hyperparathyroidism is a consequence of hypocalcemia
and hyperphosphatemia, leading to renal osteodystrophy and predisposing to vessel
calcification. This can be treated by phosphate binders (6) and calcitriol substitution for better
enteral calcium reabsorption and decreased PTH synthesis (4). Volume expansion caused by
CKD causes hypertension and edema, and in due course heart failure. Therefore, loop diuretics
should be added to the antihypertensive therapy (6). Normocytic normochromic anemia due to
inappropriately low erythropoietin levels (4) should be checked at least yearly in CKD 3, every
half a year in CKD IV and V and every quarter of a year in dialysis patients (6). If the
hemoglobin is below 10 g/dl and provided iron storage parameters are in an adequate range

regarding the stage of CKD, erythropoietin stimulating agents should be considered (6).

In end stage renal disease, malnutrition due to anorexia and reduced protein intake is
possible (4,6). Therefore, the diet should provide more than 30 Kcal/kg/day (6). Prolonged
bleeding time can be caused by uremic impaired platelet function, which can manifest as active

bleeding during surgery (4,6).
1.3 INFLAMMATION
1.3.1 DEFINITION

Inflammation is a medical term referring to a collection of symptoms. These cardinal
symptoms were first described in Latin by Aulus Cornelius Celsus as tumor (edema, swelling),
rubor (erythema, redness), calor (heat), dolor (pain) and function laesa (loss of function)
(18,19). Inflammation is a response to harmful stimuli, such as damage to living tissue such as
burns, radiation, frostbite, or necrosis due to lack of oxygen and defense mechanism against
microbes and their toxins (18). Erythema is caused by blood vessel dilation triggered by
histamine at the sight of injury. Localized warmth results from increased blood flow in the skin.
Systemic inflammation can result in fever (18). Edema is a consequence of increased
permeability of blood vessels and the transition of exudate and fluid into the damaged tissue.
The resulting distortion of tissue leads to pain and loss of function. Proteins such as clotting
factors, antibodies and leukocytes, specifically phagocytes, called neutrophils, and enzymes are

present in the exudate. The leukocytes are guided by specific chemicals to the target region, a
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mechanism called chemotaxis (18). Neutrophils release more proteins of the complement
system, e.g. C3a and C5a, which trigger more vasoactive and chemotactic reactions. After 24-
28 hours the neutrophils task is taken over by macrophages, which are a cellular hallmark in
the change from an acute to chronic inflammation (18). The purpose of inflammation is to
eliminate the harming agent and to heal the damaged tissue. Therefore, acute inflammation is
beneficial, even though unpleasant as in an insect bite or a sore throat. If the regulatory
mechanisms of inflammation are not effective or the causative agent cannot be eliminated,
chronic inflammation can ensue causing harm and tissue destruction. Examples for this are

allergies or autoimmune reactions (18).

Following acute inflammation, two outcomes are possible: healing and repair or
suppuration and chronic inflammation. Healing and repair is the process of regeneration of
damaged cells with the ability to proliferate. While this can be relatively easy in simple
structures such as skin, complex structures cannot be replicated or can only be reconstructed
abnormally resulting in permanent organ disease. In this case, a fibrous scar is formed by
fibroblasts producing collagen and the damaged tissue is transformed into connective tissue
with fine vascularization, called granulation tissue. The volume is often not fully replaced;
therefore, an organ may seem smaller or distorted (18). Suppuration is the formation of pus. If
the inflammation is difficult to eradicate, pus forms in a cavity surrounded by a membrane
called abscess. Pus contains dead neutrophils, bacteria, debris, and exudate. Because of the
limited accessibility for antibodies and antibiotics, surgical drainage is often needed. If acute
inflammation progresses, healing cannot start, and the process may become chronic. The
milestone of chronic inflammation is the persistent infiltration of especially macrophages, but
also lymphocytes and plasma cells producing antibodies recruited by chemotactic factors into

the affected tissue further inflicting tissue damage and functional impairment (18).
1.3.2 RELEVANCE OF INFLAMMATION IN DIALYSIS PATIENTS

In dialysis patients, chronic (micro-)inflammation is detectable in 32-55%. This is a very
high prevalence (9). The markers generally used for the detection were acute phase proteins,
specifically high sensitive C-reactive protein (hsCRP) and interleukin 6 (IL-6). Albumin and
serum ferritin are also markers for inflammation, albeit with delayed kinetic characteristics (9).

There are multiple causes of inflammation in renal insufficiency.

The concentrations of proinflammatory cytokines such as hsCRP and IL-6 vary

depending on the GFR and are higher in advanced CKD, probably due to decreased elimination
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or an increased synthesis due to uremia (9). In volume overload, more cytokines are
systemically released, possibly due to bacterial translocation from the gut and endotoxin
synthesis leading to a generalized immune answer with cytokines (9). In dialysis patients with
malnutrition, a significant elevation of oxidants is measurable, which might be caused by more
inflammatory cytokines. Oxidized LDL is a result of oxidative stress and might induce
endothelial dysfunction. Other forms of oxidative stress are advanced glycation end products
(AGE), which are proteins with added carbonyl groups. They increase in chronic renal
insufficiency and are associated with inflammation and malnutrition (9). The situation of
oxidative stress is worsened by the decreased concentration of antioxidants in the blood serum.
This is partly due to a decreased intake and uptake of vitamin C and carotenoids due to
potassium restriction. This could also be associated with cardiovascular events in dialysis
patients. Low serum levels of vitamin C could also be connected to an increased number of
cardiovascular events in dialysis patients (9). Uremia is a common complication of progressive
renal insufficiency. Uremic toxins have a modulating effect on leukocytes by guanidine
connections with pro- and anti-inflammatory effects leading to an increased immune response
while also making patients more susceptible to infections. Dialysis patients have more
periodontal infections and subclinical persistent infections (9). The continuous exposure of
blood to the dialysis membrane leads to increased inflammatory parameters and bacterial
contamination especially from the dialysate. Peritonitis, catheter infections and volume
overload are a cause of inflammation in peritoneal dialysis patients (9). In patients with a non-

resected renal transplant failure, chronic inflammation is common (9).
1.3.3 URINARY MARKER OF INFLAMMATION

Increasing fibrosis of the renal tubulointerstitial tissue is characteristic of chronic renal
failure (20). The extension of fibrosis can be evaluated by invasive renal biopsy, which can,
however, only give information about the momentary situation. Albuminuria is not a totally
sufficient marker for tubulointerstitial fibrosis, because 50% of DMT?2 patients show no or only
a slight albuminuria (21). Possible measurements for investigation could be the new biomarker
DKK3 (Dickkopf 3), which is an indicator for the progression on CKD, more specifically
tubulointerstitial fibrosis. This is a more accurate biomarker than albuminuria, which can also
be collected by urine sample and easily tested by ELISA. DDK3 measures the inflammation
and damage within the renal tissue, whereas albuminuria measures the insufficiency of albumin

reabsorption in the distal renal tubules (22). Few studies have been performed to investigate the
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progression of CKD with DKK3, but so far none of these investigated finerenone and

paricalcitol.

1.3.4 CALCIFICATION

Calcification of blood vessels is caused by an accumulation and deposition of calcium
in the vessel wall, decreasing their elasticity and affecting hemodynamics of the vascular
system. Consequences can be arterial hypertension, cardiac hypertrophy, ischemic heart disease
and peripheral artery disease, which significantly increase mortality in patients over 60 years
of age. This is a major problem in patients with end-stage renal disease, therefore, an optimal

control of the serum calcium and phosphate is beneficial (23).

Arterial calcification is not only a process in advanced atherosclerosis, but also appears
early in renal failure (24). The ascending aorta is made of elastic fibers, which stretch during
the systole, storing energy, and contract during the diastole, releasing energy. Calcium deposits
cause the loss of this elasticity, leading to systolic hypertension. This causes left ventricular
myocardial hypertrophy resulting in higher myocardial oxygen demand, diastolic dysfunction,
and valve incompetence. Calcification of the coronary arteries impedes coronary diastolic blood
flow, potentially leading to unstable angina pectoris and myocardial infarction (23). Calcium
depositions on the aortic valve lead to potentially lethal aortic stenosis (23). Studies reveal, that
nearly 30% of Americans older than 45 years have calcium deposits in arterial walls (25).
Classical risk factors are similar to those of atherosclerosis: hypertension, obesity,
hypertriglyceridemia, increased low-density lipoproteins (LDL) and decreased high-density
lipoproteins (HDL) (26). Renal failure and diabetes contribute significantly to calcium deposit
accumulation in vessel walls (27). The probability of coronary incidents, organ damage,
morbidity, and mortality in these patients are as high as in patients with advanced calcification
of the aortal arch, even if classical risk factors, irrespectively of age, are reduced (28). In
patients with CKD, but also with diabetes, intense calcium-phosphate accumulation is
noticeable in the smooth muscle layer of the blood vessels. The pathogenesis (Figure 8) is
osteogenic differentiation in the vascular smooth muscle cells stimulated by excess of
phosphate and calcium via signaling pathways (29). Vascular insufficiency increases the risk of
sudden cardiac death (30) and lower limb amputation (31). In arterioles smaller than 0.6 mm in
diameter, a specific type of patchy calcification in the smooth muscle cells can develop, which

is called calciphylaxis (23). Patients with CKD on warfarin are especially often affected.
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Warfarin is associated with aortic stenosis and extreme vascular calcification, possibly by
blocking the inhibitors of vascular calcification, such as fetuin-A, matrix gla protein, and bone
morphogenic protein-2 (32). Fetuin-A levels are lower in hemodialysis patients, which are also
associated with raised levels of CRP, increased calcium deposits and cardiovascular and general
mortality (33). Together with age, serum calcium and PTH, fetuin-A is a good predictor of
calcification progression (34). Vitamin D3 also plays a significant role in the vascular
calcification of the inner and muscular layer of blood vessels by changing the gene expression
of more than 150 genes, influencing the cell cycle, reducing proliferation, differentiation, and
apoptosis (35). Within physiological concentrations, vitamin D3 affects myorelaxation and
reduces endothelial thrombogenicity, increases fibrinolysis and inhibits inflammatory response
(36). Outside of physiological concentrations, it activates metalloproteinases, especially MMP-
2 and MMP-9. They heavily influence vascular remodeling (37). Besides vitamin D3, PTH also
plays a significant promoting role in the vascular calcification by inhibiting the synthesis and

release of osteoprotegerin (OPG), which protects the bone (38).
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Figure 8. Pathogenesis of vascular calcification, source: (23)

Source: Karwowski W, Naumnik B, Szczepanski M, Mysliwiec M. The mechanism of

vascular calcification - a systematic review. Med Sci Monit. 2012;18:RA1-11.
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1.4 PARICALCITOL

Paricalcitol, Zemplar® by brand name, is a synthetic vitamin D> analog. It is prescribed
to patients with secondary hyperparathyroidism in CKD stages 3 to 5 (39,40). Paricalcitol
should not be taken, if the patient has a vitamin D intoxication, hypercalcemia, or in
combination with thiazide diuretics, antacids or phosphate binders and should be avoided in

pregnancy and lactation (41).

Paricalcitol can be taken orally as capsules. The dosage depends on the iPTH value: if
iPTH is <500 pg/ml, 1 pg once a day is recommended, if iPTH is >500 pg/ml, then 2 pg daily
or 4 ng three times per week are recommended with dose adjustment according to iPTH,
calcium and phosphate levels in serum. The half-life of paricalcitol is about 4-6 hours. It is
metabolized by hepatic and non-hepatic enzymes, including CYP24 and excreted hepatobiliary
(39).

1.4.1 MECHANISM OF ACTION

Paricalcitol is a synthetic, biologically active vitamin D analog selectively binding to
the vitamin-D-receptor-activator (VDR). VDR upregulates the calcium sensitive receptors
(CaSR) in the parathyroid gland, thus, reducing PTH release, synthesis and secretion, while
supposedly only minimally influencing calcium and phosphate homeostasis. It actively
promotes osteoblastic activity increasing the bone density and mineralization (41).
Additionally, paricalcitol is able to decrease inflammation in the kidney by actively inhibiting
the infiltration of T cells into injured tissue (42). All functions of vitamin D can be seen in

Figure 9.
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Source: Tiirkmen AS, Kalkan. Food Quality: Balancing Health and disease. Karaman, Turkey;
Elsevier: 2018. 471-92 p.

1.4.2 VITAMIN D AND CHRONIC KIDNEY DISEASE

In the course of CKD, renal mass is decreases, leading to less availability of the
converting enzyme for vitamin D synthesis. Furthermore, as GFR progressively declines, the
delivery of the vitamin D precursor to the kidneys decreases. This leads to chronic

hypovitaminosis D in CKD patients (9).
1.5 FINERENONE

Finerenone, or brand name Kerendia®, is a nonsteroidal mineralocorticoid receptor
antagonist. It is indicated in adults with CKD with DMT?2 to positively influence renal and
cardiovascular adverse events (43,44). An additional indication in Europe is CKD in stage 3

and 4 with albuminuria associated with DMT2 (45).

Patients with low eGFR or prior hyperkalemia require close monitoring, because an

increased risk of hyperkalemia has been observed in safety studies (46). Patients with severe
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liver dysfunction should not take finerenone due to the changed CYP3A4 function, such
patients were excluded from studies with finerenone. If there is medium or low liver
dysfunction, close monitoring is advised. The same applies for any type of CYP3 A4 modulating

co-medication (46). Finerenone should also be avoided in pregnancy and lactation (46).

Finerenone is taken orally in form of a tablet. The recommended dosage is 20 mg, which
is also the maximal recommended daily dosage. A top-up dosage from 10 to 20 mg may be
recommended for patients with an eGFR below 60 ml/min/1.73m? or at risk of hyperkalemia
(46). Regarding pharmacodynamics, finerenone has a moderate duration of action with a wide
therapeutic window from 1.25 mg to 80 mg in clinical trials (45). Approximately 90% is
metabolized in the liver by CYP3A4 enzyme without formation of active metabolites (45,43).
Finerenone is eliminated via urine and feces (43). The half-life of 10 mg finerenone was
measured with 17.4 hours in plasma and 12.3 hours in whole blood in 4 healthy men, while the

terminal half-life is about 2-3 hours (45).

1.5.1 MECHANISM OF ACTION

As a non-steroidal selective mineralocorticoid receptor antagonist, finerenone
selectively binds to mineralocorticoid receptors and, therefore, prohibits overactivation (Figure
10). Overactivation leads to increased RAAS activation, triggering increased fluid and sodium
retention and increased blood pressure, which negatively influences hypertension, heart failure
and CKD. By possibly positively influencing fibrosis and inflammation, finerenone apparently

has a positive influence on fibrosis and inflammation in the kidney and heart (47).
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Figure 10. Pathologic mechanisms of aldosterone, Source: (48)

Source: Palanisamy S, Funes Hernandez M, Chang TI, Mahaffey KW. Cardiovascular and
Renal Outcomes with Finerenone, a Selective Mineralocorticoid Receptor Antagonist. Cardiol

Ther. 2022;11:337-354.
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2. OBJECTIVES



2.1 AIM OF STUDY

The aim of this study was to investigate retrospectively the available data regarding
proteinuria as a prognostic measure of the progression of CKD on paricalcitol medication
considering the recent positive study results pertaining to finerenone. Furthermore, to compare
the two different drugs paricalcitol and finerenone regarding their therapeutic effects on
cardiovascular outcomes. Present data support the assumption of a causal association between
proteinuria and improvement in cardiovascular prognosis, independent of the primary

indication for paricalcitol of treatment of secondary hyperparathyroidism.

2.2 HYPOTHESIS

We propose that there will be different outcomes in the comparison of finerenone and

paricalcitol in the following points of investigation:

1. Renal outcomes: We propose, there will be different outcomes for finerenone and
paricalcitol for eGFR and UACR.

2. Cardiovascular outcomes: We propose, there will be different outcomes for finerenone
and paricalcitol for myocardial infarction, stroke and death due to cardiovascular cause.

3. Death: We propose, there will be different outcomes for finerenone and paricalcitol for

overall mortality.
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3. PATIENTS AND METHODS



3.1 STUDY DESIGN AND ETHICAL APPROVAL

The study design of this diploma thesis is a meta-analysis including 7 studies. The
design of the studies was prospective in three of three studies for finerenone and three

prospective and one observational study for paricalcitol.

Based on §2 of the statues for the IRB of the Medical School REGIOMED Coburg, the

committee decided, that there are no objections to the implementation of the research project.
3.2 SEARCH STRATEGY

The literature search was performed in accordance with the PRISMA guidelines (the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses) (49). The search was
conducted on July 16" 2024 by two independent investigators of the PubMed database.
Investigators were the author of this thesis and an advanced medical student. To find

comparable studies, the search key words for RCTs was:

1. Finerenone AND albuminuria

2. Paricalcitol AND albuminuria

The total search records were analysed for the eligibility criteria to identify the remaining

articles first by title/abstract review and second by full text review (Table 1).

Table 1. PubMed search

Search key words Finerenone AND Paricalcitol AND
albuminuria albuminuria
PubMed reports 60 results 47 results
Excluded if not RCT 43 excluded 37 excluded
Excluded after title/ abstract 8 excluded 5 excluded
review
Excluded after full text review 7 excluded 4 excluded
Included RCTs 3 included 1 included
Additional literature 0 included 3 included
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3.3 ELIGIBILITY CRITERIA

For the identification of the relevant studies for this meta-analysis the PICOT research

question was analyzed. The following inclusion criteria were used during the literature search:

1. Patient population: All patients with CKD were over 18 years. To make the groups
even more comparable, patient populations had DMT2 and were treated with RAAS
inhibitors, such as ACEi or ARBs.

2. Intervention: The patients were treated with 10 mg or 20 mg of finerenone once daily
for at least 24 weeks up to several years.

3. Comparison: The patients were treated with 1 pug or 2 ug paricalcitol once daily for at
least 24 weeks. Each study had a control group with matching placebo.

4. Outcome: The outcome of interest is the change of eGFR, UACR and composite renal
outcomes. Additionally, cardiovascular composite outcomes were analyzed.

5. Study design: All studies with exact eGFR and UACR levels were included. The studies
covered different stages of CKD, which will be explained in the summary of studies.
DMT2 was defined as an HbAlc above 6,5%. Studies with incomplete data or without
outcomes of interest were excluded. Case reports, literature reviews, commentaries,

editorials, conference abstracts and expert opinions were excluded.

The study “Effect of Paricalcitol on Left Ventricular Mass and Function in CKD” (Opera)
was included, even though it did not provide completely comparable renal results. The study
was included due to the mostly matching patient profile and providing insight into
cardiovascular outcomes. There has been only little research for cardiovascular outcomes,

because paricalcitol was initially developed for other indications.

The study “Principal Results of the VITamin D and OmegA-3 Trial and updated Meta-
analyses of relevant vitamin D Trials” (Vital 2) by Manson did not meet all our criteria as he
observed a cohort without CKD and DMT2. This study was intended to detect positive
cardiovascular effects on a prophylactic basis. It was included in our analysis due to the large
number of participants and the results of cardiovascular outcomes, which were not found in any

other large study meeting the criteria.

One observational study of paricalcitol was additionally included. Even though it was not
an RCT, it did have interesting insights confirming the results of the paricalcitol RCT of de

Zeeuw and validating their measurements.
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3.4 DATA EXTRACTION

After retrieval of study results, data synthesis was performed by one investigator, the author
of this thesis, using Microsoft Excel spreadsheets. The extracted data from each study was the
first author, publication year, study design, sample size, average age and gender of the patients,
dose of finerenone or paricalcitol with duration of intervention and follow up. All available
baseline measurements of UACR and eGFR were documented. Furthermore, available data
about DMT2 were collected such as duration of diagnosis and HbA 1¢. Cardiovascular baseline
and outcomes were documented such as blood pressure, history of hypertension, cardiovascular
events and congestive heart failure and adverse effects, e.g. non-fatal myocardial infarction,
non-fatal stroke and death due to cardiovascular cause. Overall mortality was also extracted if

available.
3.5 METHODOLOGICAL QUALITY ASSESSMENT

Using the Downs and Black checklist (Table 2), two researchers independently assessed the
methodological quality of the remaining 7 studies. The researchers were the author of this
diploma thesis Delia Mellis, and another advanced medical school student, Linda Heinrich.
Downs and Black is a validated evaluation scale assessing 28 points: reporting (11 points),
external (3 points) and internal validity (7 points), internal validity-confounding (6 points) and
power (1 point). Possible scores are between 0 and 28 points for RCTs and 0 to 21 for
observational studies. The risk of bias was categorized into high (0-15), moderate (16-23) or
low (>23) (50).To identify the level of agreement between investigators regarding risk of bias,
Cohens kappa was calculated (51), which was calculated by using the formula k= P/G, where
P is the sum by the lower rating investigator and G is the sum by the higher rating investigator.
The degree of agreement was classified as follows: slight (0.00-0.20), fair (0.21-0.40), moderate
(0.41-0.60), significant (0.61-0.80) and almost perfect (0.81-1.00). Statistical analyses showed

that the investigators achieved an almost perfect rate of agreement with a factor of at least 0.84.
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Table 2. Down and Black checklist results

Study Reporting External Internal Validity- Power  Total

Validity  Validity Confounding Scores
Methodological assessment by Investigator 1 (Delia Mellis)

Pittetal., 2021 10 3 7 4 1 25

Agarwal et al., 11 3 7 4 0 27

2021

Bakris et al. 11 3 7 5 1 27

2023

De Zeeuw et 10 3 7 4 1 25

al., 2010

Wang et al., 10 2 7 5 1 25

2013

Manson et al., 9 2 6 5 0 22

2020

Mendes et al., 9 2 4 (of 5) 1 (of 2) 0 16 (of

2019 21)

Methodological assessment by Investigator 2 (Linda Heinrich)

Pitt et al., 2021 11 3 7 5 1 27

Agarwal et al., 11 3 7 6 0 26

2021

Bakris et al. 11 3 7 5 1 27

2023

De Zeeuw et 11 3 7 4 1 26

al., 2010

Wang et al., 9 3 7 5 1 26

2013

Manson et al., 11 2 7 5 0 25

2020

Mendes et al., 11 3 4 (of 5) 1 (of2) 0 19 (of

2019 21)

Total score of inter-investigator agreement
Invest. 1  Invest.2 Mean Kappa Value

Pitt et al., 2021 25 27 26 0.93
Agarwal et al., 27 26 26.5 0.96
2021

Bakris et al. 27 27 27 1.00
2023

De Zeeuw et 25 26 25.5 0.96
al., 2010

Wang et al., 25 26 25.5 0.96
2013

Manson et al., 22 25 23.5 0.88
2020

Mendes et al., 16 (of 21) 19 (of 17.5 0.84
2019 21)

33



4. RESULTS



4.1 STUDY CHARACTERISTICS

The PubMed search for finerenone and paricalcitol and albuminuria resulted in 60 and

47 results.

For finerenone, out of 60 results, 43 results were excluded due to not being RCTs,
another 7 were excluded after title and abstract review because of not matching intervention or
target population. After full text review, another 7 articles were excluded due to missing relevant

measurements leaving 3 RCTs for meta-analysis (Figure 11).

For paricalcitol, out of 47 results, 37 were excluded due to not being RCTs, 5 were
excluded by title and abstract review due to not matching target population. After full text
review, another 4 studies were excluded due to not containing data on relevant measurements.
Following a literature search of excluded paricalcitol articles, three studies were included, even
though they did not completely match the target population or being an RCT, because they
provided insight into data, which were otherwise not able to be retrieved from matching

populations (Figure 12).
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Figure 11. Prisma flowchart for finerenone



Figure 12.
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4.2 SUMMARY OF THE INCLUDED STUDIES
Finerenone

Bakris et al., 2023 — FIDELIO (52)

The Fidelio study was a double-blinded, placebo-controlled, multicenter RCT with 5734
patients investigating 20 mg finerenone once daily versus placebo for 44 to 48 months.
Participating patients had an average age of 65.6 years, and 70.2% were male. Eligibility criteria
were UACR >30-<300 mg/g with eGFR >25-<60 ml/min/1.73m? or UACR >300-<5000 mg/g
with eGFR >25-<75 ml/min/1.73m? and DMT2, the duration of which was on average 16.6
years, and pretreatment with ACEi or ARBs.

The final measurements included a decrease in UACR of -29.3% from baseline of
798.79 mg/g in the intervention group in comparison to an increase of +4.1% from baseline
UACR of 814.73 mg/g in the placebo group. The eGFR in the intervention group decreased
from baseline until month 4 of treatment by -3.18 ml/min/1.73m? from initially 44.4
ml/min/1.73m? (CI 95% -3,44 to -2,91) as compared to a decrease in the control group with -
0.73 ml/min/1.73m? from initially 44.3 ml/min/1.73m? (C195% -1,03 to -0,44). The eGFR slope
decreased after 4 months until the end of study by -2.66 ml/min/1.73m? (CI 95% -2.96 to -2.36)
significantly less than in the placebo group with -3.97 ml/min/1.73m? (CI 95% -4.27 to 3.66).

The main renal composite outcomes were a decrease of eGFR >57% in 5.9% in the
intervention group versus 11.5% in the placebo group (HR 0.76, CI 95% 0.65-0.90) and kidney
failure in 7.3 % versus 8.3% (HR 0.87, CI 95% 0.72-1.05). Kidney failure was defined as end-
stage kidney disease or as a sustained eGFR of less than 15 ml per minute per 1.73 m2 for a
period of at least 4 weeks. The total cardiovascular composite outcomes occurred in 9.2% of
the intervention group and in 11.8% of the control group (HR 0.78, CI 95% 0.66-0.92 with non-
fatal myocardial infarctions 2.5% in the intervention group and 3.1% in the placebo group (HR
0.80, CI 95% 0.58-1.09), non-fatal stroke similarly 3.2% versus 3.1% (HR 1.03, CI 95% 0.76-
1.38) and death due to cardiovascular cause 4.5% versus 5.0% (HR 0.86, CI 95% 0.68-1.08).
Overall mortality was 7.7% in the intervention group versus 8.6% in the placebo group (HR

0.90, CI1 95% 0.75-1.07).

Pitt et al., 2021 — FIGARO (53)

The Figaro study was a double-blinded, placebo-controlled, multicenter RCT with 7352
patients investigating 20 mg finerenone once daily versus placebo for 44 to 48 months.
Participating patients had an average age of 64.1 years and 69.4% were male. Eligibility criteria

were UACR >30-<300 mg/g with eGFR >25-<90 ml/min/1.73m? or UACR >3000-<5000 mg/g
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and eGFR >60 ml/min/1.73m? and DMT2, on average 14.5 years duration, and pretreatment
with ACEi or ARBs.

The main renal composite outcomes were a decrease in eGFR >57% of 2.9% in the
intervention group versus 3.8% in the placebo group (HR 0.77, C195% 0.6-0.99), kidney failure
in 1.2% versus 1.7% (HR 0.72, CI 95% 0.49-1.05) and hyperkalemia in 10.8% versus 5.3% in
placebo. Kidney failure again was defined as end-stage kidney disease or as a sustained eGFR
of less than 15 ml per minute per 1.73 m2 for a period of at least 4 weeks. The total
cardiovascular composite outcomes occurred in 12.4% of the intervention group and in 14.2%
of the control group (P= 0.030; HR 0.87, CI 95% 0.76-0.98), non-fatal myocardial infarctions
equally 2.8% in both trial groups (HR 0.99, CI1 95% 0.76-1.31), non-fatal stroke similarly 2.9%
versus 3.0% (HR 0.97, CI 95% 0.76-1.26) and death due to cardiovascular cause 5.8% versus
9.0% (HR 0.9, CI 95% 0.76-1.09). Overall mortality was 9.0% in the intervention group versus
10.1% in the placebo group (HR 0.89, CI1 95% 0.77-1.04).

Agarwal et al., 2021 — FIDELITY (54)

The Fidelity study was a combined analysis of the Fidelio and Figaro patients
emphasizing overall renal and cardiovascular outcomes. The Fidelity study was basically a
double-blinded, placebo-controlled, multicenter RCT comprising 13026 patients investigating
20 mg finerenone once daily versus placebo for 44 to 48 months. Participating patients were on
average 64.8 years of age and 69.8% were male. Eligibility criteria were UACR >30-<5000
mg/g with eGFR >30->90 ml/min/1.73m? and DMT2 on average 15.4 years duration, and
pretreatment with ACEi or ARBs.

The final measurements showed a decrease of -27.0% from baseline UACR of 445.4
mg/g in the intervention group in comparison to an increase of +2.0% from baseline UACR of
454.3 mg/g in the placebo group. Serum potassium increased slightly more by +0.13 mEq/L
from initially 4.35 mEq/L in the intervention group than in the control group with an increase
of +0.03 mEq/L from initially 4.35 mEq/L at baseline.

The main renal composite outcomes were a decrease of eGFR >57% in 5.5% in the
intervention group versus 7.1% in the placebo group (P= 0.0002, HR 0.77, CI 95% 0.67-0.88)
and kidney failure in 3.9 % versus 4.6% (P= 0.039, HR 0.84, C1 95% 0.71-0.99). Kidney failure
was again defined as end-stage kidney disease or as a sustained eGFR of less than 15 ml per
minute per 1.73 m2 for a period of at least 4 weeks. Total cardiovascular composite outcomes
occurred in 12.7% of the intervention group and in 14.4% of the control group (P= 0.0018, HR
0.86, CI 95% 0.78-0.95), non-fatal myocardial infarctions 2.7% in the intervention group and
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2.9% in the placebo group (P= 0.360, HR 0.91, CI 95% 0.74-1.12), non-fatal stroke equally
3.0% in both groups (P= 0.950, HR 0.99, CI 95% 0.82-1.21) and death due to cardiovascular
cause 4.9% versus 5.6% (P= 0.092, HR 0.88, CI 95% 0.76-1.02). Overall mortality was 8.5%
in the intervention group versus 9.4% in the placebo group (P= 0.051, HR 0.89, CI 95% 0.79-
>1.0).

Paricalcitol

De Zeeuw et al., 2010 — VITAL (55)

The Vital study was a double-blinded, placebo-controlled, multicenter RCT with 281
patients investigating 1 ug and 2 pg paricalcitol capsules once daily versus placebo for 24
weeks. Participating patients had an average age of 64.0 years and 69.6% were male. Eligibility
criteria were UACR 11-339 mg/mmol with eGFR 15-90 mL/min per 1-73 m? and DMT2, on
average duration of 17.0 years, and pretreatment with ACEi or ARBs.

Measurements for UACR were provided in mg/mmol and were converted to mg/g by
multiplying by factor 8.84 (56) using online MediCalc (57). The initial average baseline UACR
in the 1 pg daily paricalcitol group decreased by -14.0% (CI 95% -24% to -1%) from 63
mg/mmol (557.52 mg/g) to 54 mg/mmol (477.88 mg/g) after 24 weeks. Initial measurement
baseline UACR in the 2 pg daily paricalcitol group decreased by -20.0% (CI 95% -30% to -
8%) from 61 mg/mmol (539.82 mg/g) to 49 mg/mmol (433.63 mg/g). UACR in the combined
intervention groups decreased by -16% (CI 95% -24% to -9%) from 62 mg/mmol (548.67 mg/g)
to 51 mg/mmol (451.33 mg/g). The initial measurement of baseline UACR for the placebo
group decreased by -3.0% (CI 95% -16% to +13%) from 61 mg/mmol (539.82 mg/g) to 60
mg/mmol (530.97 mg/g). The eGFR in the 1 ng paricalcitol group decreased from 41.0
ml/min/1.73m? to 39.0 ml/min/1.73m?, while eGFR in the 2 pg paricalcitol group decreased
from 42 ml/min/1.73m? to 37.0 ml/min/1.73m?. The placebo control group did not experience
any change of eGFR of 39 ml/min/1.73m?.

The main renal composite outcomes were acute kidney failure in 2.0% in the 2 ug and
1.0% in the pg group versus 0.0% in the placebo group, while chronic kidney failure occurred
in 1.0% of the 2 pug group, 0.0% in the 1 p group and 1.0% in the placebo group. A definition
of acute or chronic kidney failure was not given. Congestive cardiac failure occurred in 1.0%
only in the 2 pg intervention group. Non-fatal myocardial infarctions and non-fatal stroke were

not reported. Death was reported only in 1% of the 2 ug group due to cardiac arrest.
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Wang et al., 2013 — OPERA (58)

The Opera study was a double-blinded, placebo-controlled, single-center RCT with 60

patients investigating 1 pg oral paricalcitol once daily versus placebo for 52 weeks.

Participating patients were on average 61.5 years of age and 52.2% were male. Eligibility

criteria were CKD stages 3-5 and left ventricular hypertrophy. 34.85% of the patients had

DMT2, more specifically 27.7% in the intervention group and 43.0% in the control group.
81.7% of patients were treated with ACEi or ARBs.

Baseline and final UACR measurements were not initially provided but were possible

to estimate from 24-hour urine analysis. The Table 3 of Visram et al. was used to calculate linear

graphs between adjacent values using the formula y = m*x+b, with m = (y2-y1)/(x2-x1))*x and

b = (m*x1)-yl. y is the 24-hour urine and x is UACR (Table 4).

Table 3. Relationship of 24-hour urine and UACR, source: (59)

24-hour wurine Discriminant Area under the Sensitivity (%) Specificity (%)
(mg) prediction UACR (mg/g) curve

<200 131 0.938 95 82

>500 283 0.989 94 97

>1000 707 0.988 93 96

>5000 3580 0.976 94 94

Table 4. Calculation of 24-h urine to UACR from the Opera study

Group 24-hour urine Formula Estimated UACR
protein in g/d in mg/g

Intervention 0.59 y=0.848x—141 359.32

baseline (SD 0.50-1.20)

Intervention 0.41 y=0.5067x+29.66 237,41

final measurement  (SD 0.23-1.05)

Placebo 1.06 y=0.71825x—11.25 750.10

baseline (SD 0.24-1.95)

Placebo 0.49 y=0.5067x+29.66 277,94

final measurement

(SD 0.21-1.50)
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The final measurements included a decrease of -30.51% from baseline 24-h urine
albumin of 0.59 g/d (estimated UACR baseline value 359.32 mg/g) to 0.41 g/d (estimated
UACR final value 237.41 mg/g) in the intervention group in comparison to a decrease of -
53.77% from 24-h urine albumin of 1.06 g/d (estimated UACR baseline value) to 0.49 g/d
(estimated UACR final value 277,94 mg/g) in the placebo group. So surprisingly the 24-h urine
had only a decrease of -0.05 g/d (SD -0.34 g/d to +0.10 g/d) in the intervention group compared
to-0.14 g/d (SD -0.83 g/d to + 0.02 g/d) in the placebo group (P= 0.400). Baseline measurement
of eGFR was 19.7 ml/min/1.73m? for the intervention group 23.9 ml/min/1.73m? in the control
group. In the study, a significant decline in eGFR in the paricalcitol group is mentioned (P=
0.002); however, no explanation was given.

The main renal composite outcomes were kidney failure without further definition with
identical 6.67 % in both groups and hyperkalemia with 0.0% in the intervention group and
6.67% in the placebo group. Total cardiovascular composite outcomes occurred in 0.0% of the
intervention group and in 16.67% of the control group (P= 0.700 / HR 0.88, CI 95% 0.47 to
1.63;), non-fatal myocardial infarctions 0.0% in the intervention group and 3.33% in the

placebo group and finally non-fatal stroke also 0.0% versus 6.67%.

Mendes et al., 2019 (60)

The observational study included 42 patients with intention to treat without a control
group investigating 1 pg paricalcitol once daily for 3 months. Participating patients had an
average age of 70.07 years and 65.0 % were male. Eligibility criteria were UACR <1000 mg/g
with eGFR >15-<90 ml/min/1.73m? and DMT2, on average 17.92 years duration, 92.9% were
pretreated with ACEi or ARBs.

The initial measurement of baseline UACR of 503.07 mg/g decrease to 381.40 mg/g
(P=0.001 / CI 95% 51.2-692.15) after 12 weeks. The baseline eGFR of 43.07 ml/min/1.73m?
increased to 44.77 ml/min/1.73m? (P= 0.359 / CI 95% (-5.39) — (+2.00)) after 12 weeks.

Manson et al., 2020 (61)

The second Vital study was a double-blinded, placebo-controlled, US-nationwide RCT
with 25871 patients investigating 2000 IU once daily versus placebo vitamin D3 over a period
of 5.3 years. The aim of the study was to observe cardiovascular outcomes and incidents of
invasive cancer when supplementing vitamin D prophylactically. Participants were a diverse

cohort of patients with an average age of 67.1 years and 49.4% were male. 13.7% of the patients

42



were diagnosed with DMT2. Exclusion criteria were a history of cancer, myocardial infarction,
stroke, transient ischemic attack or coronary artery revascularization.

Total cardiovascular composite outcomes occurred in 3.06% of the intervention group
and in 3.16% of the control group (HR 0.97, CI 95% 0.85-1.12), non-fatal myocardial
infarctions 1.31% in the intervention group and similarly 1.36% in the placebo group (HR 0.96,
CI 95% 0.78-1.19), non-fatal stroke similarly 1.09% in the intervention group and 1.15% in
the control group (HR 0.95, CI 95% 0.76-1.20) and death due to cardiovascular cause 1.18%
versus 1.07% (HR 1.11, CI 95% 0.88-1.4). Overall mortality was 3.75% in the intervention
group versus 3.81% in the placebo group (HR 0.99, CI 95% 0.87-1.12).

The following Table 5 provides an overview of the KDIGO classification and in which category

the patients of each study belong to, to take this into consideration when evaluating the results.

Table 5. Comparison of the severity of albuminuria and eGFR between included studies

eGFR in Albuminuria cathegories
ml/min/1.73m? Albumin:Creatinine ratio spot urine
Al (<29 mg/g) A2 (30-299 mg/g) A3 (>300 mg/g)
G1 (eGFR >90) Figaro
G2 (60-89) Mendes Figaro, Fidelity // Figaro, Fidelio,
Vital, Mendes Fidelity // Vital,
Mendes
G3a (45-59) Opera, Mendes Figaro, Fidelio, Fidelio, Fidelity //
Fidelity // Vital, Vital, Opera,
Opera, Mendes Mendes
G3b (30-44) Opera, Mendes Figaro, Fidelio, Fidelio, Fidelity //
Fidelity // Vital, Vital, Opera,
Opera, Mendes Mendes
G4 (15-29) Opera, Mendes Vital, Opera, Vital, Opera,
Mendes Mendes
GS (<15) Opera Opera Opera

Table 6 provides an overview of the comparison of populations in between included studies.
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Table 6. Comparison of populations between included studies

Study Bakris  Pitt et Agarwal De Wang Manson Mendes
etal., al., 2021 etal., Zeeuw etal., etal., etal.,
2023 2021 etal., 2013 2020 2019

2010

Patients 5734 7352 13026 281 60 25871 42

number

Average age 656y 641y 64.8y 640y 615y 671y 71.1y

Male in % 70.2% 69.4% 69.8% 69.6% 522% 49.4% 65.0 %

CKD risk Very High High and Very Very No All risk

group (mostly) high risk very high high high eligibility groups
risk risk risk risk criteria

UACRmg/g  >30- > 30 - >30 - 97 - N/A N/A <1000
<5000 <5000 <5000 3000

eGFR >25 - >30 - >25 - 15-90 <59 N/A N/A

ml/min/1.73m> <90 <90 <90

DMT2 in % 100% 100 % 100 % 100%  349% 13.7% 100 %

DMT2 in 6.6y 145y 154y 170y N/A N/A 179y

years

HbAlc in % 7.7 % 7.7 % 7.7 % 7.5% N/A N/A 7.8 %

Initial blood 138/76  Systolic  Systolic ~ 142/73  133/75 N/A 137/75

pressure in 135.8 136.7

mmHg

History of 97 % 95.8%  N/A 99.0% 100%  49.8 % 92.9 %

hypertension

in %

Treatment 999% 999%  99.8% 99.3% 81,65% N/A 92.9%

with ACEi/

ARBs in %

BMI in kg/m?  31.1 31.4 N/A 32.0 26.4 28.1 N/A

Current 142% N/A N/A 106% 10.0% 7.2% N/A

smokers in %
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4.3 METHODOLOGICAL QUALITY ASSESSMENT

Table 2 shows the detailed assessment of quality by the two independent investigators.
23.5 to 27 was the average rating of a maximum of 27, excluding the RCT by Mendes et al.,
which was by definition only able to score a maximum of 21. All studies showed a low risk of
bias. The lowest scoring study was an RCT by Manson ef al., whereas score 27 was reached by
Bakris et al. The inter-investigator agreement was assessed and expressed by Cohens kappa and

was found to be nearly excellent, as kappa scored above 0.81.

4.4 OUTCOME ANALYSIS

The UACR decreased after 44-48 months of treatment in finerenone groups by -29.3%
(52) and -27% (54) and increased slightly in the placebo group by +4.1% (52) and +2% (54).
In the Vital study on paricalcitol for 24 weeks, the UACR decreased in the intervention group
by -14.0% (1 pg daily) and -20.0% (2 pg) daily and in the control group by -3.0% (55). In the
Opera study on paricalcitol for 52 weeks, 24-hour urine protein decreased by -30.51% in the
intervention group and -53.77% in the placebo group (58), while UACR decreased in the
observational study on paricalcitol by Mendes et al. by -24.19%. Figure 13 shows the
comparison of baseline and final UACR changes between intervention and control group and
between studies providing data. Figure 14 shows the increase or decrease of UACR from
baseline to end of study in percent. This shows that there is a reliable positive influence on
UACR on finerenone treatment compared to placebo. For paricalcitol, all studies show a
decrease of UACR, however, not only in the intervention but also in the placebo group, which
suggests that there was an additional UACR influencing factor in these studies. The largest
decrease in the control group was in the Opera study, which should be interpreted cautiously

due to the restricted nature of estimated UACR based on numbers for 24 hour albuminuria.
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Figure 13. Comparison of baseline and final UACR changes between intervention and control
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Figure 14. Comparison of change of baseline to final UACR changes
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The eGFR in the Fidelio study with finerenone decreased from baseline until four
months of treatment more in the intervention group by -3.18 ml/min/1.73m? than in the control
group by -0.73 ml/min/1.73m? (52), which was the data inserted into Figures 15 and 16. From
month 4 until the end of study the decrease of eGFR slows down significantly compared to the
placebo, where eGFR declines by -2.66 ml/min/1.73m? on finerenone, whereas the decrease
was -3.97 ml/min/1.72m?, which was provided in the Fidelio appendix (52) and can be seen in
Figure 17. After about 24 months of treatment a cross over of finerenone and placebo can be
observed, when the eGFR is better in the intervention group, showing a significant difference
between groups after 40 months of treatment and an increasing difference to month 44. The

Figaro and Fidelity study did not provide any final measurements for eGFR.

Regarding paricalcitol, the results differed as visible in Figures 15 and 16, while the
eGFR decreased in the Vital study by -3.0 ml/min/1.73m? in the intervention group and did not
change in the control group at the end of treatment after 24 weeks (55), the eGFR increased in
the study by Mendes et al. slightly by +0.85 ml/min/1.73m? after 3 months of treatment (60).
No final measurements for eGFR are provided in the Opera study, whereas they did mention a
significant decline, keeping in mind, that they did have the patients with the overall lowest

baseline eGFR compared to the other studies in this analysis.

Overall, the results for eGFR show a slower progression of the decrease of eGFR in
finerenone over the course of several years. Results for paricalcitol are only available for one
year or less in patients with CKD and did not show consistent positive changes for a slower

progression of decrease of eGFR.
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Figure 15. Comparison of baseline and final eGFR changes between intervention and control
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Adverse renal outcomes on finerenone after 44-48 months of treatment were defined
as a decrease of over 57% of eGFR, kidney failure and hyperkalemia (Figure 18). In the
Fidelio study, only 5.9% of the treated patients experienced a >59% decrease in eGFR versus
11.5% in the control group (52). Kidney failure, defined as end-stage kidney disease or as a
sustained eGFR of less than 15 ml per minute per 1.73 m2 for a period of at least 4 weeks,
occurred rarer in the intervention group with 7.3% versus 8.3% in the control group (52).
Hyperkalemia was not described in Fidelio, but in Figaro and Fidelity. Figaro showed 2.9% of
intervention group patients experiencing a decrease of >59% eGFR versus 3.8% in the control
group (53). Kidney failure, as defined in Fidelio, occurred in 1.2% in the intervention group
versus 1.7% on placebo (53). Hyperkalemia without further definition occurred more often in
the intervention group with 10.8% versus 5.3% in the control group (53). Similar results can
be observed in the Fidelity study, where 5.5% versus 7.1% experienced an eGFR decrease
over 57% and kidney failure, defined as in Fidelio, in 3.9% versus 4.6% (54). Also,

hyperkalemia occurred more often in the intervention group with 14.0% versus 6.9% (54).

Adverse renal outcomes are barely described in all paricalcitol studies, which lasted 24
and 52 weeks (Figure 18). The Vital study described numbers for acute kidney failure without
further definition with 2.0% in the high dose and 1.0% in the low dose groups versus 0.0% in
controls. Chronic kidney failure was noted in 1.0% in the high dose group, in 0.0% in low dose
group and in 1.0% in placebo (55). A decrease in eGFR or hyperkalemia are not mentioned.
The Opera study described kidney failure without definition in both the intervention and control
group with 6,67% and hyperkalemia with 0.0% in the intervention group versus 6,67% in the
control group (58). It should be noted that paricalcitol did have several incidents of
hypercalcemia throughout the studies, being 1% in the 2pg paricalcitol group versus none in
the other groups of the Vital study (55) and 43.3% in the intervention group versus 3.3% in the
placebo group (P= <0.001) in the Opera study (58).

Overall, adverse renal outcomes of decreased eGFR and kidney failure occurred more
often in the placebo group than on finerenone. Regarding paricalcitol, only adverse effects
pertaining to kidney failure were documented, which seemed to be rare for both the intervention
and control group. Hyperkalemia in finerenone was more problematic in the intervention group
than in the control group. Paricalcitol does not tend to increase the risk for hyperkalemia,
supported by the fact, that the search paricalcitol AND hyperkalemia in PubMed did not provide

any results.
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Figure 18. Comparison of adverse renal outcomes between included studies

Adverse cardiovascular outcomes documented were overall cardiovascular outcomes,
heart failure, non-fatal myocardial infarction, non-fatal stroke and cardiovascular death (Figure
19). Three finerenone studies lasting 44-48 months provided data for adverse cardiovascular
outcomes, i.e. Fidelio, Figaro and Fidelity. In the Fidelio study, overall cardiovascular
composite outcomes occurred with 9.2% rarer in the intervention group than in the control
group with 11.8% (52). Heart failure occurred in 4.9% versus 5.7%, non-fatal myocardial
infarction in 2.5% versus 3.1%, non-fatal stroke in 3.2% versus 3.1% and cardiovascular death
in 4.5% versus 5.0% (52). In the Figaro study, overall cardiovascular composite outcomes
occurred with 12.4% rarer in the intervention group than in the control group with 14.2%. Heart

failure occurred in 3.2% versus 4.4%, non-fatal myocardial infarction identically with 2.8%,
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non-fatal stroke in 2.9% versus 3.0% and cardiovascular death in 5.3% versus 5.8% (53). In the
combined Fidelity study, overall cardiovascular composite outcomes occurred with 12.7% rarer
in the intervention group than in the control group with 14.4%. Heart failure occurred in 3.9%
versus 5.0%, non-fatal myocardial infarction in 2.9% versus 3.0%, non-fatal stroke identically

with 3.0% and cardiovascular death in 4.9% versus 5.6% (54).

Regarding paricalcitol, the Vital study lasting 24 weeks only provided data for adverse
cardiovascular outcomes with 1.0% in the intervention group and 0.0% in the control group and
for heart failure with 0.5% in the intervention group and 0.0% in the control group (55). The
Opera study described adverse cardiovascular outcomes in 0.0% of the intervention group and
16.67% in the control group, non-fatal myocardial infarction in 0.0% versus 3.33% and non-

fatal stroke in 0.0% and 6.67% respectively over a study duration of 52 weeks (58).

For additional insight, I included the study by Manson et al., even though they
conducted a cohort study with patients without a history of cancer, myocardial infarction,
stroke, transient ischemic attack or coronary artery revascularization. The study lasted 5.3 years.
Albeit comparability is not given totally, a slight indication is given, how study results with
CKD and DMT?2 could look like. Overall cardiovascular composite outcomes occurred with
3.06% rarer in the intervention group than in the control group with 3.16%. Heart failure data
were not provided. Non-fatal myocardial infarction occurred in 1.31% versus 1.36%, non-fatal

stroke in 1.09% versus 1.15% and cardiovascular death in 1.18% versus 1.07% (61).

Regarding overall cardiovascular composite outcomes for finerenone, the ARR between
intervention and placebo was 2-3% in Fidelio, Figaro and Fidelity. In the Fidelio study, there
was the largest RRR of 22,03% (52), underlining the advantage of finerenone. All other
comparisons of intervention and placebo within each study in each category diverged by less
than 1% and were comparable to each other study also within a 1% margin of difference. The
largest difference of 1,2% was noted in the Figaro study between finerenone and placebo for
heart failure (53), making a RRR of 27.27% between groups. For the Vital and Opera
paricalcitol studies, only little information regarding cardiovascular composite outcomes was
available and was overall low in comparison to all finerenone studies. As expected,
cardiovascular composite outcomes were much rarer within the vitamin D3 cohort study of
individuals without CKD, but overall, there were less incidents of composite cardiovascular
outcomes in paricalcitol versus placebo considering a very large number of 25871 patients over

a long duration.
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Figure 19. Comparison of adverse cardiovascular outcomes between included studies
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The difference in overall mortality (Figure 20) between the finerenone studies all lasting
44-48 months showed an ARR within 2%. In the Fidelio study, overall mortality in the
intervention group was 7.7% and in the control group 8.6% (52). In the Figaro study, it was
9.0% versus 10.1% (53), which was the largest RRR of 10.89%. In the Fidelity study, it was
8.5% versus 9.4% (54). In the Vital study only 1% of overall mortality was reported in the
intervention group due to one patient dying of cardiac arrest (55). In the study of Manson ef al.
485 cases (3.75%) and 493 cases (3.81%) of death due to any cause, including cardiovascular
and cancerous death, were reported (61). No data were provided by Wang et al. and Mendes et

al., possibly due to the shorter time of study duration.
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Figure 20. Comparison of mortality between included studies

53



5. DISCUSSION



The results of this meta-analysis suggest that there is no overall superiority of
paricalcitol over finerenone in the progression of CKD as measured by albuminuria and eGFR.
An association between renal protection and a decrease of adverse cardiovascular events has

been proven for finerenone and would appear possible also for paricalcitol.

This meta-analysis includes seven studies of which three studies investigated finerenone
and four studies investigated paricalcitol. Six studies were prospective, double-blind, placebo-
controlled RCTs and one study was an observational study without placebo-control. The three
finerenone studies included 5734, 7352 and 13026 patients, the four paricalcitol studies
included 281, 60, 42 and 25871 patients. Overall, the studies had comparable populations of
patients with ages varying from 61.5 to 71.1 years and a male population from 49.4% to 70.2%.
Except for the study by Manson ef al., which investigated a population without a history of
cancer, myocardial infarction, stroke, transient ischemic attack or coronary artery
revascularisation, all patients had CKD in various stages and DMT?2 for 14.5 to 17.9 years with
HbAlc of 7.5% to 7.8%. If available, average systolic blood pressure varied between 135
mmHg and 142 mmHg. Hypertension was consistent in 92.9% to 100.0% of the populations
and between 81.65% to 99.9% of patients were treated with ACEi or ARBs, wheeas the study
of Manson et al. was an exception with only 49.8% of patients with hypertension. Overall, the
patients were obese with a BMI of 26.4 to 32.0 kg/m?. Available data documented, that 7.2% to

14.2% were current smokers.

The UACR decreased in all measured finerenone groups by -27% (54) to -29.3% (52)
contrasting with an UACR increase by +2.0% (54) to +4.1% (52) in the control groups.
Regarding paricalcitol, results showed a decrease of UACR of -24.19% (60) to -30.51% (58) in
the intervention groups, but also a decrease of UACR of -20.0% (55) to -53.77% (58) in the
control group. Thus, although a reduction in albuminuria has been documented in several
studies regarding paricalcitol, this effect appears inconsistent. The primary reductions in UACR
are similar on finerenone and paricalcitol. However, it is striking, that in the paricalcitol studies
there was an equal or even more pronounced decrease in the control groups, whereas UACR
increased overall in the control groups of the finerenone studies. This suggests, that there could

have been an additional cause of UACR decrease in the paricalcitol studies.

Estimated GFR decreased within the first four months of treatment in the intervention
and in the control group on finerenone by respectively -3.18 ml/min/1.73m? and -0.73

ml/min/1.73m? (52). However, the eGFR slope decreased after 4 months until the end of study
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by only -2.66 ml/min/1.73m?, which was significantly less than in the placebo group with -3.97
ml/min/1.73m?. A cross over of the decrease of eGFR in intervention versus placebo can be
observed after 24 months of treatment with a significant superiority of finerenone compared to
placebo after 40 months, which further increases in measurements at month 44. Mixed results
were presented in the paricalcitol trials, where the Vital study showed a decrease of eGFR by -
3.0 ml/min/1.73m? and a stable eGFR in the control (55), while in the study by Mendes et al.
eGFR increased slightly by +0.85 ml/min/1.73m? (60). Unfortunately, regarding eGFR, long-
term paricalcitol versus placebo data are not available, as paricalcitol and other active vitamin
D substances were primarily developed and introduced to ameliorate secondary
hyperparathyroidism (39). It is a possibility that paricalcitol could have a similar slope in eGFR
as in finerenone with an overall advantage of paricalcitol versus placebo after a longer duration
of treatment.

Adverse renal effects were mainly reported for finerenone, where events were
consistently higher in the control group. A decrease of eGFR >59% varied from 2.9% (53) to
5.9% (52) in the intervention group and from 3.8% (53) to 11.5% (52) in the control group.
Since the Fidelio study included more severe cases of CKD, this might be considered as the
more powerful result, showing an ARR of incidents of 5.6% or a RRR of 48.7% between
intervention and control group for eGFR >59% decrease. Renal failure, defined as end-stage
kidney disease or an eGFR of less than 15 ml per minute per 1.73 m?, and end-stage kidney
disease, which was defined as the initiation of long-term dialysis (for >90 days) or kidney
transplantation, occurred more often in the Fidelio study with 7.3% in the intervention group
and 8.3% in the control group (52), which is a lowering of the relative risk of 12,05%. Renal
failure varied in the other studies from 1.2% (53) to 3.9% (54) in the intervention group and
from 1.7% (53) to 3.9% (54) in the control group. Overall, the paricalcitol studies showed only
rare occasions of renal failure in 3.0% (55) to 6.67% (58) in the intervention group and 0.0%
(55) to 6.67% (58) in the control group, leading to the conclusion of no risk reduction. Due to
limitation of information, a safe statement pertaining to the superiority for adverse renal events
of one drug cannot be given. For hyperkalemia, the cases on finerenone were nearly double the
amount in the intervention group with 10.8% (53) and 14.0% (54) versus only 5.3% (53) and
6.9% (54) in the control. The only study documenting hyperkalemia on paricalcitol was the
Opera study, which had no cases in the intervention group and 6.67% in the control group (58).
No cases were reported in other paricalcitol studies, even though they mentioned vaguely other
electrolyte derailments. This could lead to the conclusion, that paricalcitol is safer regarding

hyperkalemia. On the other hand, there were several reports of hypercalcemia in the paricalcitol
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groups with a significant increase in absolute risk by 40.0% and a relative increase in risk of
92.38% in the intervention group (58).

Overall, cardiovascular adverse events did occur more often in the finerenone than in
the paricalcitol trials. The Opera study provided little insight into cardiovascular outcomes, but
unfortunately, no data were provided by de Zeeuw et al. and Mendes et al. The study by Manson
et al. reported on 3.06% of cardiovascular events in the intervention group versus 3.16% in the
controls, however, the study investigated individuals without CKD, rendering the potentially
true superiority of paricalcitol unclear. Generally, adverse cardiovascular events occurred 9.2%
(52) to 12.7% (54) in the finerenone intervention group, while in the intervention group 11.8%
(52) to 14.4% (54) were affected, leading to the conclusion, that the benefits of finerenone
correlated positively with the progression of CKD by a maximal ARR of 2,6% and a RRR of
22,03% in the Fidelio study (52). In contrast to this, the overall cases of cardiovascular events
were low in available paricalcitol studies ranging from 0.0% (58) to 3.06% (61) in the
intervention group versus 0.0% (55) to 16.67% (58) in the control group. Other adverse effects
including heart failure, non-fatal myocardial infarction and non-fatal stroke for finerenone
varied from 2.5% (52) to 4.9% (52) in the intervention group versus 2.8% (53) to 5.7% (52) in
the control group. For paricalcitol, incidents were 0.5% (55) to 1.31% (61) in intervention
groups versus 0.0% (55) to 1.36% (61) in the control group. This leads to the conclusion, that
paricalcitol patients were less affected by cardiovascular events, keeping in mind, that the main
results originated from studies with less diseased individuals. Cardiovascular death was more
common in the finerenone group with about 4.5% (52) to 5.3% (53) in the intervention group
and 5.0% (52) to 5.8% (53) in control versus only 1.18% (60) on paricalcitol and 1.07% (60) in
the control group, again keeping in mind, that these were cohort patients without consistent
CKD.

Overall mortality was higher in the control group with 8.6% (52) to 10.1% (53) versus
7.7% (52) to 9.0% (53) in the intervention group on finerenone. The most significant results
were from Figaro study with an ARR of 1.1% between intervention and control, which is a RRR
of 10.89%. Mortality was lower with 1.0% (55) to 3.75% (61) in the intervention group on
paricalcitol versus 0.0% (55) to 3.81% (61) in the control group, which equates to a RRR of
1.57% in the study by Manson et al. This leads to the conclusion of better survival for all
finerenone groups compared to their control groups, even though the incidence of death was
rarer in all paricalcitol groups. This could be caused by the shorter duration and follow up of
patients, but pertaining specifically to Manson et al., his positive results could be due to the

difference of the health status of the patients at the beginning of the study.
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As this was literature research, few limitations of this meta-analysis should be named.
The studies for paricalcitol were from the years 2010 until 2020, whereas finerenone studies
took place from 2021 until 2023. More recent studies show much larger patient populations
than the older studies, giving more precise insight, especially about the number of adverse
effects. Furthermore, the patient population do differ in the mostly in the study by Manson et
al., but also in the Opera study. Still these studies were included due to valuable information
about adverse effects. Also, some studies were included, even though they did not provide all
data for all hypotheses in this analysis, but rather each answered few questions. The aim was to
provide a fuller picture of the advantages and disadvantages of each drug in several categories.
The largest limitation of this meta-analysis is the difference between study durations. As
finerenone shows, there was a significant difference between intervention and placebo group
for eGFR diverging after 40 months of treatment. Studies of paricalcitol ended latest after 12
months, which leaves room for investigation, if the treatment with paricalcitol is more
beneficial after a longer treatment such as finerenone. It would be also very interesting to
evaluate inflammatory parameters, such as Dickkopf 3, for both drugs. Studies about
paricalcitol in correlation to inflammation have taken place before, but the options of
biomarkers have been increasing during the last years, leaving room for improvement.
Finerenone has not been tested on its anti-inflammatory properties in connection to

renoprotection.
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6. CONCLUSIONS



Overall, general superiority of one drug over another can not be entirely proven,
suggesting more investigations. At present, finerenone is more beneficial for CKD diseased
patients by improving albuminuria and overall survival, additionally stabilizing eGFR in the
long-term. Finerenone carries a risk of hyperkalemia. Finerenone could positively influence

cardiovascular outcomes through renoprotection, as the mediation analysis of Agarwal suggests
(8).

Paricalcitol can be carefully suggested to individuals with high risk for hyperkalemia
and adverse cardiovascular events to improve overall survival and decrease their UACR with
the intention of stabilizing eGFR in the long-term. However, paricalcitol can induce
hypercalcemia, and thus, regular laboratory follow-up is required. Present data suggest leaning
more towards 1 pg of paricalcitol daily than 2 pg, since an overall increase of adverse effects
was observed with the higher dosage. Paricalcitol could also be useful in CKD patients with
DMT?2 for renoprotection, if they are resistant to RAAS (55). However, more investigation of

these drugs is warranted, especially considering the duration of treatment.

Both drugs apparently have anti-inflammatory properties. Possible measurements for
investigation could be the new biomarker DKK3 (Dickkopf 3), which is an indicator for the
progression on CKD, more specifically tubulointerstitial fibrosis. This is a more accurate
biomarker than albuminuria and eGFR. Few studies have been performed to investigate the
progression of CKD with DKK3, but, so far, none of these have investigated finerenone and

paricalcitol. This offers a breakthrough for future studies.
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8. SUMMARY



Objective: The aim of the study was to investigate and evaluate the available data regarding
the progression of CKD and extent of proteinuria in view of the association between CKD and
cardiovascular outcomes and, furthermore, between the extent of proteinuria and its association

with progression of CKD.

Material and Methods: PubMed was searched using the search key words (finerenone) or
(paricalcitol) AND (albuminuria). All patients with CKD, DMT2 and treatment with ACEi or
ARBs were eligible. The paricalcitol study by Manson ef al. was included for the comparison
of cardiovascular outcomes, even though investigating a cohort without a history of cancer and
major cardiovascular events without a focus on CKD, attempting to demonstrate a prophylactic

effect. For methodological quality assessment, Downs and Black scale was utilized.

Results: A total of seven studies, three finerenone and four paricalcitol, were included in this
meta-analysis. Six of these studies were prospective, double-blind, placebo-controlled and
randomized, while Mendes et al. was an observational study. Six studies included patients with
CKD, DMT2 (mean duration > 14.5 years) and at least 81.65% were pretreated with ACEi or
ARBs, while Manson et al. observed a cohort without CKD as mentioned above. The duration
was 44-48 months for finerenone and 3-12 months for paricalcitol. UACR decreased in all
finerenone and paricalcitol studies. The eGFR showed an initial decrease on finerenone over
four weeks but proceeded more mildly than in the control group, while the data for paricalcitol
were overall insufficient for evaluation of eGFR. The ARR on finerenone for a decrease of
eGFR >57% was 5.6% and 48.7% in RRR. Very few cases were reported for paricalcitol.
Hyperkalemia occurred more often on finerenone, whereas hypercalcemia occurred more often
on paricalcitol. Cardiovascular adverse events occurred more often on finerenone, possibly
influenced by the comparison with an inhomogeneous cohort with and without CKD. For
cardiovascular events, a maximal ARR of 2.6% and a RRR 0f 22.03% was proven in the Fidelio
study, compared to inhomogeneous reductions in paricalcitol. Overall mortality was lower in
all intervention groups of both drugs compared to the control group, reducing the relative risk

by maximal 10.89% (53) in finerenone and by 1.57% in paricalcitol (61).

Conclusion: Both drugs positively influence the UACR and albuminuria, thus, potentially
slowing down the progression of CKD. Cardiovascular morbidity and mortality are more
reduced on finerenone. Estimated GFR on finerenone stabilizes after an initial dip to a slower
progression. This was insufficiently investigated in paricalcitol, which leaves room for further

investigation. Overall adverse effects did occur rarest in the 1 pg paricalcitol group.
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9. CROATIAN SUMMARY



Naslov: Usporedba klini¢kih parametara parikalcitola i finerenona u usporavanju progresije
kroni¢ne bubrezne bolesti

Cilj: Ci]j studije bio je istraziti i procijeniti dostupne podatke o progresiji KBB-a te opseg
proteinurije s obzirom na povezanost izmedu KBB-a i kardiovaskularnih ishoda te, nadalje,
izmedu opsega proteinurije i njezine povezanosti s progresijom KBB-a.

Materijal i metode: PubMed je pretrazen pomocu kljucnih rijeci za pretrazivanje (finerenone)
ili (parikalcitol) I (albuminurija). Svi bolesnici s kronicnom bubreznom bolesti, DMT2 i
lijecenjem ACE:i ili ARB-ima bili su podobni. Studija parikalcitola Mansona et al. ukljucena je
za usporedbu kardiovaskularnih ishoda, iako je istrazivala kohortu bez povijesti raka i velikih
kardiovaskularnih dogadaja bez fokusa na KBB, pokusavajuci pokazati profilakticki u€inak. Za
metodolosku procjenu kvalitete koristena je Downova i Black skala.

Rezultati: Ukupno sedam studija, tri finerenonom 1 Cetiri parikalcitolem, ukljuceno je u ovu
meta-analizu. Sest od ovih studija bile su prospektivne, dvostruko slijepe, placebo kontrolirane
i randomizirane, dok su Mendes et al. bile opservacijske studije. Sest studija ukljucilo je
bolesnike s kroni¢nom bubreznom bolesti, DMT?2 (prosjecno trajanje > 14.5 godina) i najmanje
81.65% njih je bilo prethodno lijeCeno ACEi ili ARB-ima, dok su Manson et al. promatrali
kohortu bez KBB-a kao §to je gore spomenuto. Trajanje je bilo 44-48 mjeseci za finerenon i 3-
12 mjeseci za parikalcitol. UACR se smanjio u svim studijama finerenona i parikalcitola. eGFR
je pokazao inicijalno smanjenje na finerenonu tijekom cetiri tjedna, ali je nastavio blaze nego
u kontrolnoj skupini, dok su podaci za parikalcitol ukupno bili nedostatni za procjenu eGFR.
ARR na finerenonu za smanjenje eGFR >57% bio je 5.6% 1 48.7% u RRR-u. Za parikalcitol je
zabiljezeno vrlo malo slucajeva. Hiperkalijemija se ¢eS¢e javljala na finerenonu, dok se
hiperkalcemija ¢eS¢e javljala na parikalcitolu. Kardiovaskularni Stetni dogadaji javljali su se
¢eSce na finerenonu, na $to je vjerojatno utjecala usporedba s nehomogenom kohortom sa i bez
KBB. Za kardiovaskularne dogadaje, maksimalni ARR od 2.6% i RRR od 22.03% dokazan je
u studiji Fidelio, u usporedbi s nehomogenim smanjenjem parikalcitola. Ukupna smrtnost bila
je niza u svim intervencijskim skupinama oba lijeka u usporedbi s kontrolnom skupinom,
smanjujudi relativni rizik za najvise 10.89% [57] u finerenonu i za 1.57% u parikalcitolu [65].
Zakljucak: Oba lijeka pozitivno utjecu na UACR 1 albuminuriju, ¢ime potencijalno
usporavaju progresiju KBB-a. Kardiovaskularni morbiditet 1 mortalitet viSe su smanjeni na
finerenonu. Procijenjena GFR na finerenonu stabilizira se nakon pocetnog pada do sporije
progresije. To nije dovoljno istrazeno u parikalcitolu, S$to ostavlja prostora za daljnja
istrazivanja. Sveukupni Stetni ucinci javljali su se najrjede u skupini koja je primala 1 pg

parikalcitola
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