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Abstract

This article provides a review of the role of aliskiren, a direct renin inhibitor, in pediatric
hypertension and kidney diseases. Among the many mechanisms involved in regulating BP, the
renin-angiotensin-aldosterone system (RAAS) plays a major role. Additionally, the RAAS has
been identified as a contributing factor to cardiovascular and renal diseases for more than three
decades. The potential benefits of inhibiting the RAAS by aliskiren alone or in combination with
other RAAS blockers (ACEls, ARBs) seem theoretically promising, but one should exercise
caution in children, especially in those with significant chronic kidney disease until there is more
evidence regarding the safety and efficacy of this new drug in the pediatric population from the
ongoing clinical trials.
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Introduction

Hypertension (HTN) is a worldwide health problem associated with an increased risk for
mortality and morbidity from cardiovascular and renal disease [1, 2]. Pediatric HTN remains
one of the strongest predictors of adult HTN [3], which significantly increases the
cardiovascular mortality risk in adults [4, 5]. Over the past decade, the prevalence of
hypertension in the pediatric population has increased in correlation to the rise in childhood
overweight and obesity [4, 6, 7]. Although the exact prevalence and incidence of pediatric
hypertension is unknown, one study estimated the prevalence to be 4.5% after 3 separate
screenings were conducted on a group of > 4000 children aged 10 to 19 years [8].

Background: Hypertension, Prehypertension and Staging

Hypertension is the sustained level of BP that over time leads to a variety of adverse effects
on target organs such as the heart (left ventricular hypertrophy), the brain and central
nervous system, and the kidneys. Defined statistically, hypertension is when BPs fall above
the 95! percentile for age, gender and stature on at least three occasions. The Fourth Report
on the Diagnosis, Evaluation, and Treatment of High Blood Pressure in Children and
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Adolescents emphasizes better early detection and control of hypertension in children and
recommends BP screening in children above 3 years of age who are seen in a medical
setting and in younger children under special circumstances that increase the risk for HTN
[9, 10]. This statistical definition of hypertension is one that is based on normative
distribution of causal office BPs in healthy children and is stratified by age, gender and
stature [9].

The blood pressure is measured in the office setting by non-invasive techniques such as
auscultatory and oscillometric methods. Although the auscultatory method is the
recommended one for measuring BP, the oscillometric technique may be used due to its ease
of performance. However, the BP measurement should to be repeated by the auscultatory
method if it is elevated by oscillometry.[9] The current practice of clinic-based hypertension
management leads to undertreatment for some patients and overtreatment for others.[11]
Even with proper techniques, BP control is misclassified for more than 25% of patients
when a single office visit measurement is used.[12] Some patients exhibit “white-coat
hypertension (WCH)” with elevated BP levels in the medical office but not in other settings,
whereas others have “masked hypertension” with elevated BP outside the clinical setting but
normal in a medical office.

24-hour ambulatory blood pressure monitoring (ABPM) is a useful tool in evaluating
children with concerns for hypertension, and it is the only available method to reliably
identify WCH and masked HTN in children.[13] Using 24-hour ambulatory BP monitoring
as a criterion standard, an average of 6 BP readings taken at different clinic visits are needed
to classify BP control with 80% accuracy.[14] This many in-person visits are impractical for
most patients. It is clear from different recent studies that bringing hypertension care out of
the office and into patients' homes works.[11, 15] Nonetheless, widespread adoption of
home BP monitoring supported by team care has not occurred in the United States and it is
not likely to occur spontaneously [11]. For home BP monitoring to become part of routine
practice, major changes to the current system of reimbursement and performance
measurement will be needed.

Hypertension in children is classified by the National High BP Education Program on the
basis of child's blood pressure percentile into normal (< 901 percentile), prehypertension
(90-94t percentile), stage 1 hypertension (>95t" percentile), or stage 2 hypertension (>99t
percentile plus 5). Primary hypertension, defined by the lack of an underlying causative
disorder, is frequently found in children with obesity or a family history of hypertension or
cardiovascular disease. The worldwide childhood obesity epidemic has had a profound
impact on the frequency of hypertension and other obesity-related conditions with the result
that primary hypertension should now be viewed as one of the most common health
conditions in the young [16]. The secondary hypertension is more commonly seen in
children than in adults. The majority of the secondary hypertension in children is caused by
renal or renovascular dysfunction [9].

In children with prehypertension, actual pharmacologic treatment is controversial. For
children with stage 1 primary hypertension, the primary treatment to decrease blood pressure
is therapeutic lifestyle/behavior changes, unless there is an evidence of target organ damage
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such as left ventricular hypertrophy [8]. Therapeutic lifestyle changes include keeping
healthy weight, regular physical activity, and dietary modification. Pharmacologic treatment
is indicated in secondary HTN, primary stage 2 HTN or if the lifestyle measures prove
inadequate [8]. Current recommendations for pharmacological management of hypertension
in pediatric patients include the use of angiotensin-converting enzyme inhibitors (ACEls),
angiotensin Il receptor blockers (ARBS), f-adrenergic blockers, calcium channel blockers,
or diuretics. Although diuretics and B-blockers have documented safety and efficacy in
pediatric patients with hypertension, ACEIls and ARBs are recommended for initial therapy
in pediatric patients with concomitant diabetes and microalbuminuria or proteinuria or
chronic kidney disease [4, 10, 17]. RAAS blockade is also recommended by the European
Society of Hypertension as the first line treatment of children with primary hypertension
associated with obesity/metabolic syndrome as ACEIls and ARBs might induce reduction of
insulin resistance and subsequent changes in the lipid profile and in glucose levels [10].
Although the number of available antihypertensive medications is ever growing, selecting
the most appropriate agent and effectively treating high blood pressure remains a challenge.
The purpose of this article was to provide a review of the literature on the role of aliskiren, a
direct renin inhibitor, in pediatric hypertension and kidney diseases. Among the many
mechanisms involved in regulating BP, the renin-angiotensin-aldosterone system (RAAS) is
one of the major players. The potential benefits of inhibiting the RAAS, a contributing
factor to cardiovascular and renal diseases, have been known for more than three decades
[18] and a recent review in this Journal by Silva and Flynn underscores the complexity of
this system that is still being elucidated [19]. Four groups of RAAS blockers have been
developed which are direct renin inhibitors (DRI), angiotensin-converting enzyme (ACE)
inhibitors, angiotensin receptor blockers (ARBs) and aldosterone antagonists.

The RAAS and the role of Aliskiren

The renin-angiotensin-aldosterone system (RAAS) has an important role in the regulation of
arterial blood pressure (BP) and volume and electrolytes homeostasis [20](Figure. 1). Renin,
a proteinase enzyme, is secreted by the juxtaglomerular cells of the kidney in response to a
decrease in circulating volume and blood pressure. It cleaves the substrate angiotensinogen
to form the inactive decapeptide angiotensin | (Ang 1), and it is the initial and rate limiting
step in the RAAS cascade [21]. Ang | is then converted to the active octapeptide, Ang I, by
the angiotensin converting enzyme (ACE). Ang Il interacts with cellular receptors to induce
vascular constriction and release of catecholamines from the adrenal medulla and
prejunctional nerve endings. It also promotes aldosterone secretion and sodium reabsorption.
In addition, Ang Il inhibits renin release, providing negative feedback to the system [18, 22].
Ang Il increases vascular resistance and BP at various levels (e.g. vasculature, sympathetic
nervous system, cortex and medulla of the adrenal gland).

The RAAS may be blocked at various levels along its pathway (Figure. 1). Angiotensin 11
receptor blockers (ARBS) act on the RAAS by inhibiting the interaction between Ang Il and
the angiotensin Il type 1 receptor (AT1 receptor). ACE inhibitors block the conversion of
Ang | to Ang 11, and also inhibit the degradation of bradykinin. However, up to 45% of the
adult congestive heart failure patients have elevated Ang Il levels despite the long-term us of
an ACEI [23]. This might reflect insufficient suppression of ACE due to an inadequate dose
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of ACEI. However, in optimum ACEI dosing, the most obvious explanation is the existence
of alternative enzymes for the formation of ang 11 [24]. Non-ACE mediated pathways (e.g.,
tissue chymase mediated ang 11 formation) may become activated when ACE activity is
reduced by an ACELI. There are also data suggesting that 30 — 40% of Ang Il formation
influencing the kidney in the healthy human during RAAS activation is formed via renin-
dependent, but ACE-independent pathways [25]. Moreover, short and long-term ACE
inhibition results in an accumulation of renin and angiotensin | known as ACE escape which
was also demonstrated in the ESCAPE trial in children with chronic kidney disease and this
might overcome the ability of an ACEI to effectively suppress ACE activity [26, 27].
Similar mechanism has been discovered for ARBs, the “aldosterone escape”, which leads to
normal or even higher than pretreatment levels of aldosterone [28]. Direct renin inhibitors
block the RAAS at an earlier stage in the cascade than ACE inhibitors and ARBs, and
prevent the formation of both Ang | and Ang Il by both ACE and non-ACE pathways [22].
This provides the rationale for the use of renin inhibitors for the treatment of hypertension,
cardiovascular and kidney diseases. Animal studies revealed that aliskiren has favorable
metabolic profile in patient with metabolic syndrome by improving glucose tolerance and
insulin sensitivity [29, 30].

Previous attempts to develop renin inhibitors were limited by poor bioavailability, low renin
specificity, and high production costs [31]. Aliskiren is the first in this new class of
antihypertensives known as direct renin inhibitors to receive approval from the United States
Food and Drug Administration (FDA) on March 6, 2007 for the treatment of hypertension in
the adult population. Orally administered aliskiren displays linear pharmacokinetics over the
dose range 75-600 mg in the healthy adult volunteers. Aliskiren is excreted primarily
unchanged in the feces, with metabolism and renal excretion playing only a minor role, and
shows only moderate protein binding (44-51%) [32]. Mean half-life for aliskiren in the
healthy adult volunteers is 40 hours.

The safety and efficacy of aliskiren has been well defined through preclinical
pharmacological safety studies[33] as well as phase 2 and 3 clinical studies in adults,
involving more than 12,000 adult patients with hypertension [34]. Oh and colleagues [35], in
a randomized placebo-controlled study involving 672 adults with mild to moderate
hypertension, demonstrated that all doses of aliskiren in monotherapy (150, 300, or 600 mg
once daily for 8 weeks) gave greater reductions in mean sitting systolic blood pressure and
mean sitting diastolic blood pressure by -13.0/-10.3 mm Hg (150 mg), -14.7/-11.1 (300 mg),
and -15.8/-12.5 mmHg compared with placebo -3.8/-4.9 mmHg. It was also found from this
study that there was no rebound elevation in blood pressure after treatment withdrawal.

Aliskiren with varying doses (37.5, 75, 150, 300 mg once daily) was compared with losartan
(100 mg once daily) by Stanton and colleagues [36] in a 4-week randomized double-blind
study with 236 mild to moderate hypertensive adults and showed dose-dependent reductions
in daytime ambulatory systolic pressures of -0.4 mmHg (37.5 mg), -5.3 mmHg (75 mg), -8.0
mmHg (150 mg) and -11.0 mmHg (300 mg). The change in daytime systolic pressure with
100 mg losartan was not significantly different from the changes seen with 75, 150 and 300
mg aliskiren. All doses of aliskiren also led to significant dose-dependent decreases of PRA
between -55 % and -83%, whereas PRA increased by 110% with losartan.
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In a randomized, multicenter, double blind, placebo controlled trial [37], 652 adult patients
were randomized to receive double-blind treatment with once-daily oral doses of aliskiren
(150, 300, or 600 mg), irbesartan 150 mg, or placebo. The study showed that the anti-
hypertensive effect of aliskiren 150 mg/day was comparable to that of irbesartan (150 mg/
day). However, the treatment with aliskiren 300 and 600 mg daily lowered mean sitting
diastolic BP significantly more than irbesartan 150 mg daily. Aliskiren showed safety and
tolerability comparable to those of placebo and irbesartan.

Adverse events associated with RAAS inhibition

ACE inhibition and ARBs—ACE-inhibitors and ARB alone or in combination therapy
have been associated with the development of hyperkalemia, worsening renal function and
hypotension due to the effects of RAAS blockade [38, 39]. Patients with additional risk
factors for hyperkalemia such as diabetes and chronic kidney disease are at higher risk.
However, these are the patients who are most often in dire need of target organ protection by
blocking the deleterious effects of angiotensin Il [40]. The other common side effects (dry
cough and angioedema) are thought to be related to the inhibition of bradykinin metabolism.
As the ARBs do not block the ACE pathway, their use seems to lead to fewer adverse
effects related to bradykinin accumulation as compared to ACE inhibitors.

Direct renin inhibition—Direct renin inhibitors in theory seem to share same adverse
effects as other RAAS blockers. However in a pooled analysis with more than 7000 adult
patients in five placebo-controlled trials, the overall incidence of adverse events associated
with 6-8 weeks of aliskiren monotherapy (75-600 mg once daily) was similar to that of
placebo [34]. The safety and tolerability were affirmed with another pooled studies in adult
women with 1527 patients in five placebo-controlled trials and found that adverse effect
profile was same in both groups [41]. The most common adverse events thought to be
related to aliskiren treatment were headache, diarrhea, and fatigue. Combination therapy
with aliskiren 150 mg or 300 mg once daily and another antihypertensive agent, including an
ACE inhibitors or an ARB, did not greatly affect the incidence or type of adverse events
associated with respective monotherapy [34]. The rate of cough for patients with
hypertension and diabetes who were treated with ramipril alone was 4.7 %, but it was 1.5%
for those who treated with the combination of aliskiren and ramipril. The occurrence of
hyperkalemia was similar in placebo (0.6%) and patients with aliskiren with different dosing
groups (0.6-1%) except group with 600 mg who did not exhibit hyperkalemia. The rate of
hyperkalemia was similar in patients with aliskiren monotherapy, placebo, and combination
of aliskiren with HCTZ, valsartan, or amlodipine. However, the rate of hyperkalemia was
higher, although transient when aliskiren was combined with ramipril (5.5%) than in those
treated with ramipril alone (2.6%). Similarly, there were no notable changes in kidney
function assessed by serum creatinine concentration or blood urea nitrogen in patients with
combination of aliskiren with HCTZ, amlodipine or valsartan compared with the respective
monotherapy.

The pharmacokinetics, safety and tolerability of the aliskiren were also assessed in adult
patients with varying degrees of renal [42] or hepatic impairment [43]) and compared with
those parameters in healthy subjects. The results of these studies concluded that the
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adjustment of the aliskiren is not required in patients with renal or hepatic impairment;
however, according to the package insert, it is recommended to exercise caution in patients
treated with aliskiren who have greater than moderate renal dysfunction, a history of dialysis
therapy, nephrotic syndrome, or renovascular hypertension due to the paucity of data in
these patients and the potential for other agents affecting the RAAS to increase serum
creatinine and blood urea nitrogen levels.

RAAS inhibition has also proven benefit in reducing proteinuria [44], one of the most
important risk factors for the progression of chronic kidney disease (CKD) and
cardiovascular events [45]. The RAAS blockade with double therapy has been reported to be
more effective than monotherapy [46]. The data on proteinuria reduction in adult CKD
patients with aliskiren treatment are promising [47]. Patients with hypertension and diabetes,
with and without microalbuminuria, have gained renoprotective benefits through inhibition
of the RAAS by treatment with ACE inhibitors or ARBs [48]. According to the AVOID
study[49], researchers found that treatment with 300 mg of aliskiren daily, as compared with
placebo, reduced the mean urinary albumin-to-creatinine ratio by 20%, with a reduction of
50% or more in 24.7% of the patients who received aliskiren as compared with 12.5% of
those who received placebo. Although dual RAAS blockade theoretically/physiologically
seems to be a promising therapy in hypertension and chronic kidney disease, no data from
large adult trials substantiate such a benefit [50]. The results of ALTITIUDE study in adults
clearly show that dual blockade with aliskiren and an ACE inhibitor or ARB has no
demonstrable clinical advantage and may be harmful in type 2 diabetes with chronic kidney
disease [50]. Like ALTITUDE, other studies in adults have found that dual RAAS blockade
causes such adverse events as hypotension, hyperkalemia and worsening of renal function
[51, 52]. As a result, in December 2011, Novartis had to halt a clinical trial of the aliskiren
after discovering increased incidence of nonfatal stroke, renal complications, hyperkalemia,
and hypotension in patients with diabetes and renal impairment (ALTITUDE Trial).

There is paucity of data regarding the safety, efficacy and pharmacokinetics (PK) of
aliskiren in the pediatric population and only few studies in the literature, according to our
knowledge, have discussed these in children. According to one prospective, 8-day,
randomized, multi-dose study across 5 countries, using once daily dose of aliskiren at 2
mg/kg and 6 mg/kg was well tolerated in pediatric patients with hypertension [17]. The PK
parameters of aliskiren in pediatric patients aged 6-17 years are consistent with those
observed in the adult population. The clinically meaningful BP reductions were observed
with both doses of aliskiren and in 6-11 years the overall mean reduction from baseline to
the end of treatment was -6.1/-0.8 mm Hg and in 12- to 17 year age group was -7.7/-5.6 mm
Hg. Only 3 patients (7.7%) had adverse events (AEs) that were suspected to be related to the
study drug (nausea in 2 patients, headache in 1 patient, and diarrhea in 1 patient). There
were no AEs or abnormal lab values for potassium, creatinine or blood urea nitrogen leading
to discontinuation from the study. Aliskiren treatment also resulted in substantial decrease in
PRA.

Few case series have also retrospectively reviewed the safety and efficacy of the aliskiren
when used in combination with other RAAS blockers. In one case series, aliskiren was used
in combination with losartan + ACElISs, in 4 patients (5-18 years) with varying degree of
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chronic kidney diseases and proteinuria [53]. The authors retrospectively reviewed the
medical records of these patients and found that aliskiren was added to losartan £ ACEI (two
patients were also on ACEI so triple RAAS blockade) for the refractory proteinuria after
insufficient response with ARBs + ACEIs. Although there was a remarkable reduction in
proteinuria (at least > 45%), significant side effects in 3 out of 4 patients were noted, and 2
of the patients had the aliskiren discontinued due to hyperkalemia and worsening of renal
function, and one patient had dose change due to symptomatic hypotension. One patient had
creatinine returned to baseline after discontinuation of aliskiren. However the other patient
with moderate CKD (GFR 32 mL/min/1.72m2) had acute worsening of renal function and
required hemodialysis 3.5 weeks later. The other case series is an e-mail survey of the
PEDHTN and PEDNEPH list which identified 10 patients with off-label use of aliskiren
[54]. 1t was prescribed for hypertension and/or proteinuria. Hyperkalemia, angioedema and
hypotension were the major side effects. These limited data suggest that aliskiren should be
used with caution, especially when using in combination with other blockers of RAAS axis.

Pediatric Trial

There are currently ongoing clinical trials being done by Novartis that include a prospective
double-blinded, randomized placebo-controlled trial of aliskiren in the pediatric population
with mild to moderate hypertension (CSPP100A2365). This trial is designed to assess
efficacy and safety of aliskiren in the pediatric population. The other trials are a multicenter,
double-blind, randomized, 52 week extension study to evaluate the long term safety,
tolerability and efficacy of aliskiren compared to enalapril in pediatric hypertensive patients
6-17 years of age (CSPP100A2365E1), and a multicenter, 52 to 104 week extension study to
evaluate the long-term growth and development of pediatric hypertensive patients 6-17 years
of age treated previously with aliskiren (CSPP100A2365E2).

Conclusion

Although data from the adult studies regarding safety and efficacy of the aliskiren seems
very promising, caution should be exercised with its use, especially in combination with
other RAAS blockers until we have further data regarding its pharmacokinetics, safety and
efficacy in the pediatric population from ongoing clinical trials.

Questions (answers are provided following the reference list)

1. The mechanism of action of aliskiren to improve BP control includes:
a. Direct action on peripheral vasculature
b. Centrally-mediated vasodilatation
c. Decreased formation of Angiotensin | and Angiotensin Il
d. Effects on calcium channels

2. Side effects that may be anticipated in the use of aliskiren include:
a. Cough

b. Angioedema

Pediatr Nephrol. Author manuscript; available in PMC 2015 November 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Nadeem and Batisky Page 8

c. Elevated transaminases
d. Hyperkalemia
3. The true statement about pediatric hypertension is:

a. Aliskiren has the safest antihypertensive medication side effect profile
published to date.

b. Pediatric hypertension is generally defined statistically as a sustained level
of BP that falls consistently >95™ percentile for age, gender and stature.

c. All pediatric patients diagnosed with hypertension must be managed with
antihypertensive medications as soon as the diagnosis is confirmed.

d. Children will likely outgrow hypertension by the time they finish puberty.

4. Before the development of aliskiren, reasons that limited availability of compounds
that act as a direct renin inhibitors included all but:

a. Serious side effect profiles.
b. Poor bioavailability.
c. High production costs.
d. Low renin specificity.
5. A true statement about renin is:
a. Itis secreted by the liver when there is inflammation.
b. It cleaves the substrate angiotensinogen to form Angiotensin I.

c. Itis produced by the kidney only in Chronic Kidney Disease (CKD) Stage
4 or higher.

d. |Itis produced by osteoblasts.
6. The antihypertensive classes that may influence the RAAS include all but:
a. Angiotensin-converting enzyme inhibitors
b. Angiotensin receptor blockers
c. Betablockers
d. Centrally acting agents

e. Aldosterone inhibitors

Answers:
1. C
2. D
3. B
4. A
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Figure 1.
The renin-angiotensin-aldosterone system. Abbreviations: DRI-direct renin inhibitor, ACE-

angiotensin converting enzyme, ACEI-angiotensin converting enzyme inhibitor, AT 1
receptor-angiotensin Il type 1 receptor, ARB-angiotensin receptor blocker. Modified from
(22); used with permission.
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