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Aggressive RAAS Blockade and
the Kidney after ONTARGET

By PHIiLIP MCFARLANE, MD, PHD, FRCP(C)

Drugs that block the renin-angiotensin-aldosterone system (RAAS) are the most com-
monly-used antihypertensives in Canada, with a combined prescription rate of about
1000/10 000 population.! Angiotensin-converting enzyme (ACE) inhibitors and
angiotensin-receptor blockers (ARBs) are prescribed to control blood pressure (BP).
They are also prescribed to control end-organ damage independently of BP. For
example, these medications improve survival in patients with systolic heart failure and
in those at high cardiovascular (CV) risk. They also reduce the progression of kidney
disease. This combination of both BP control and non-BP-mediated organ protection
has led to a first-line indication for agents that block the RAAS across the cardiorenal
spectrum. The Canadian Diabetes Association (CDA)* recommends the use of either
an ACE inhibitor or an ARB for vascular protection in all patients with diabetes
mellitus (DM) who are at high CV risk, regardless of their BP. This group of patients
includes most adults with DM.

In some patients, blocking the RAAS with a full dose of an ACE inhibitor or an
ARB does not fully suppress RAAS activity in all tissues. This fact has led many inves-
tigators to question whether more aggressive blockade of the RAAS could improve
patient outcomes further. Many aggressive RAAS blockade strategies exist. For
example, very high doses of either an ACE inhibitor or an ARB have been tested, as
has combining these drugs with aldosterone antagonists such as spironolactone or
eplerenone. In addition, newer agents such as the direct renin inhibitors (DRIs) have
been tested in combination with traditional RAAS blockers. However, the most
popular technique has been to combine an ACE inhibitor with an ARB. The recent
CV mega-trial — the ONgoing Telmisartan Alone and in combination with Ramipril
Global Endpoint Trial (ONTARGET)® - revealed that the ARB, telmisartan, could
produce a similar degree of CV protection as the ACE inhibitor, ramipril. However,
ONTARGET failed to reveal any advantage of an ACE inhibitor/ARB combination
over either drug alone and it also demonstrated a higher adverse event rate in the com-
bination arm. These findings have led the Canadian Hypertension Education Program
(CHEP)* to suggest that this combination not be used to control routine high BP. In
addition, the Canadian Heart and Stroke Foundation® has issued a warning about
potential side effects with this combination.

This issue of Endocrinology Rounds examines the rationale behind RAAS
blockade, both with conventional and aggressive strategies. It also discusses the results
of ONTARGET and how they affect clinical practice. Since aggressive RAAS blockade
is used primarily in patients with kidney disease, this discussion focuses primarily on
this group of patients.

Why block the RAAS?

Stimulation of the RAAS raises BP due to the direct vasoconstrictive effects of
angiotensin Il and the ability of aldosterone to cause salt and water retention. However,
RAAS activation has effects other than raising BP. Angiotensin Il is a growth factor that
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Table 1: Heart Outcomes Prevention Evaluation (HOPE) trial: Incidence of the primary outcome and

of deaths from any cause™

Ramipril Group
Outcome (n=4645); n (%)
M, stroke, or death from CV causes’ 651 (14.0)
Death from CV causes® 282 (6.1)
MI° 459 (9.9)
Stroke* 156 (3.4)
Death from non-CV causes 200 (4.3)
Death from any cause 482 (10.4)

Placebo Group Relative Risk
(n=4652); n (%) (95% ClI) Statistic P?
826 (17.8) 0.78 (0.70-0.86) -4.87 <0.001
377 (8.1) 0.74 (0.64-0.87) -3.78 <0.001
570 (12.3) 0.80 (0.70-0.90) -3.63 <0.001
226 (4.9) 0.68 (0.56-0.84) -3.69 <0.001
192 (4.1) 1.03 (0.85-1.26) 0.33 0.74
569 (12.2) 0.84 (0.75-0.95) -2.79 0.005

a Pvalues were calculated with use of the log-rank test; b In the substudy, 34 of 244 patients (13.9%) assigned to take a low dose of ramipril
(2.5 mg/day) reached the composite endpoint, as compared with 31 of 244 assigned to take 10 mg of ramipril/day (12.7%) and 41 of 244 assigned
to placebo (16.8%). The inclusion of the data from the low-dose group did not change the overall results (relative risk of the primary outcome,

0.78; 95% Cl, 0.70-0.86); © All patients with this outcome are included.
. Copyright © 2000, Massachusetts Medical Society. All rights reserved.

MI = myocardial infarction; CV = cardiovascular; Cl = confidence interval

increases extracellular matrix production, which pro-
motes adverse remodelling and hypertrophy in the
heart and contributes to the classical changes seen in
diabetic nephropathy. It has also been implicated in
contributing to endothelial dysfunction and vascular
inflammation. All of these effects have led to studies of
RAAS blockade in people with a variety of cardiorenal
risk factors, as well as in those with established cardiac
or renal disease.

ACE inhibitors have been shown to improve sur-
vival in patients following myocardial infarction (MI)*’
and in those with heart failure.” They are also asso-
ciated with a reduction in the occurrence of MI and
stroke and prolonged survival in patients with elevated
CV risk!" ARBs appear to be equally effective in
treating heart failure'”" and post-MI cardiac damage."

In type 1 DM, ACE inhibitors have been shown to
prevent progression to renal failure and to improve
survival in people with nephropathy.” In type 2 DM,
ACE inhibitors have been shown to reduce the likeli-
hood of developing nephropathy,'® while ARBs have
been shown to reduce the worsening of nephro-
pathy'"'® and progression to renal failure.” In non-
diabetic kidney disease, ACE inhibitors have been
shown to reduce the rate of loss of renal function
ARBs and ACE inhibitors are likely to be equally pro-
tective in renal disease’"?

Taken as a whole, these trials demonstrate an
impressive degree of organ protection across the
cardiorenal spectrum. However, despite these inter-
ventions, cardiac and renal disease can continue to
worsen. There are 2 possible reasons why progressive
organ damage may occur despite RAAS blockade:
either RAAS blockade is incomplete or further damage
is being driven by factors unrelated to the RAAS.

Aggressive RAAS blockade - the rationale

One of the main reasons for predicting a potential
role for aggressive RAAS blockade in some patients is
that our understanding of the nature of the RAAS is

changing. Traditionally, the RAAS was viewed as a
classical endocrine system with a variety of circulating
components (eg, renin, angiotensinogen, angiotensin II)
and a variety of tissues contributing these components
(eg, renin from the kidney, ACE from the lung).
Recently, however, we have become more aware of the
importance of the RAAS as an autocrine/paracrine
system” Some tissues have all of the components
needed to activate angiotensin II1** For example, the
proximal convoluted tubule (PCT) in the kidney does
not rely on other tissues to contribute components to
locally activate the RAAS? This “tissue RAAS”
activity can be stimulated in the heart and the kidney
as the result of an injury. In the kidney, proteinuria
induces local tissue RAAS activity that can be hundreds
or even thousands of times higher than systemic RAAS
activity. It is important to note that, although adminis-
tration of an ACE inhibitor or an ARB almost com-
pletely inhibits systemic angiotensin II activity, it does
not fully suppress intrarenal RAAS activity. Therefore,
it is possible that patients with kidney damage may have
ongoing local tissue RAAS activity despite conven-
tional RAAS blockade, raising the possibility that more
aggressive blockade could benefit these individuals.

Aggressive RAAS blockade - renal outcomes

Extent of proteinuria is correlated with a higher
chance of end-stage renal disease (ESRD);” while a fall
in albuminuria after initiation of RAAS blockade por-
tends a better renal outcome’ All of the aggressive
RAAS blockade strategies described above have been
associated with a reduction in proteinuria in patients
with renal disease””” However, few studies have exam-
ined how these strategies affect hard renal endpoints
such as death or dialysis.

The Combination Treatment of Angiotensin-II
Receptor Blocker and Angiotensin-Converting-
Enzyme Inhibitor in Non-Diabetic Renal Disease
(COOPERATE) study® suggests that using a combi-
nation of an ACE inhibitor and an ARB in people with



Figure 1: ONTARGET: Kaplan-Meier curves for the

primary outcome in the 3 study groups®
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ONTARGET = Ongoing Telmisartan Alone and in combination with
Ramipril Global Endpoint Trial

The composite primary outcome was death from CV causes, MI, stroke,
or hospitalization for heart failure.

Copyright © 2008, Massachusetts Medical Society. All rights reserved.

nondiabetic kidney disease is associated with a lower
rate of doubling of serum creatinine or ESRD than
either agent used as monotherapy. Unfortunately,
there have been concerns that this study is erroneous
or fraudulent.”

The single best study of aggressive RAAS blockade
in renal disease is the Renoprotection of Optimal
Antiproteinuric Doses (ROAD) trial”* In this study,
people with nondiabetic kidney disease were random-
ized to either standard doses of an ACE inhibitor, an
ARB, or an uptitration strategy, in which the dose of
the ACE inhibitor or ARB was progressively increased
until either was 3 times higher than the usual
maximum dose or there was no further antiproteinuric
response. This up-titration strategy was associated with
halving the risk of doubling of serum creatinine, ESRD,
or death.

Aggressive RAAS blockade -
the ONTARGET Study

The landmark Heart Outcomes Prevention
Evaluation (HOPE) study was published in 2000." It
demonstrated that an ACE inhibitor could reduce CV
morbidity and mortality in a broad group of high-risk
patients, regardless of baseline renal or cardiac status
(Table 1). This led to the recommendation of ACE
inhibitors as first-line agents in many high-risk groups,
both with and without hypertension. However, 2 ques-
tions persisted following the HOPE results:

e Would ARBs perform as well as ACE inhibitors for
vascular protection?

* Would a combination of both an ACE inhibitor and
an ARB be better than an ACE inhibitor alone?

Table 2: ONTARGET: Discontinuation of study
medications and selected reasons for

permanent discontinuation®

Ramipril Combination

Variable (n=8576); (n=8502); Combo vs Ram
n (%) n (%) RR P
Any 2099 (24.5) 2495 (29.3) 1.20 <0.001

discontinuation
Hypotensive 149 (1.7)

406 (4.8) 2.75 <0.001

symptoms

Syncope 15 (0.2) 29 (0.3) 1.95 0.03
Cough 360 (4.2) 392(4.6) 1.10 0.19
Diarrhea 12 (0.1) 39 (0.5) 3.28 <0.001
Angioedema 25 (0.3) 18 (0.2) 0.73 0.30
Renal 60 (0.7) 94 (1.1) 1.58 <0.001

impairment

RR = relative risk.
Copyright © 2008, Massachusetts Medical Society. All rights reserved.

ONTARGET was designed to answer these ques-
tions.’ In this trial, >25 000 people with known CV
disease or DM with organ damage were randomized to
either a full dose of an ACE inhibitor, a full dose of an
ARB, or full doses of both in combination. The median
follow-up was 56 months. The composite primary
outcome in the 3 groups was death from CV causes,
MI, stroke, or hospitalization for heart failure. The
study demonstrated that the ARB was not inferior to
the ACE inhibitor and there were very similar CV
event and mortality rates in both groups (Figure 1).
These results led the CDA to modify its guidelines to
recommend ARBs as well as ACE inhibitors for
vascular protection. However, the combination of an
ACE inhibitor and an ARB was not superior to an ACE
inhibitor alone and the side effect rate, including
hypotensive symptoms, cough, syncope, and renal dys-
function (Table 2), was higher in the combination
group. These robust conclusions led the CHEP to
recommend that the combination of an ACE inhibitor
and an ARB not be used for the treatment of hyper-
tension without compelling indications.

ONTARGET - renal outcomes

Although CV outcomes were not improved addi-
tionally by combination therapy in ONTARGET
versus an ACE inhibitor or an ARB alone, there was
hope that there may be some positive renal results,
given the positive results of studies such as ROAD.
Indeed, albuminuria increased less with combination
therapy in ONTARGET and fewer patients in the
combination arm progressed from microalbuminuria to
overt nephropathy.” However, the rate of loss of renal
function was highest in the combination group:
-6.11 mL/min in the combination group; -4.12 mL/min



Table 3: ONTARGET: Secondary and other outcomes®

Ramipril Telmisartan  Combination therapy Telmisartan Combination therapy

Outcome (n=8576); (n=8542); (n=8502); vs ramipril vs ramipril
n (%) n (%) n (%) RR (95% CI)

Revascularization 1269 (14.8) 1290 (15.1) 1303 (15.3) 1.03 (0.95-1.11) 1.04 (0.97-1.13)
Hospitalization for angina 925 (10.8) 954 (11.2) 952 (11.2) 1.04 (0.95-1.14) 1.04 (0.95-1.14)
Worsening or new angina 567 (6.6) 536 (6.3) 538 (6.3) 0.95 (0.84-1.07) 0.96 (0.85-1.08)
New diagnosis of diabetes? 366 (6.7) 399 (7.5) 323 (6.1) 1.12 (0.97-1.29) 0.91 (0.78-1.06)
Any heart failure 514 (6.0) 537 (6.3) 478 (5.6) 1.05 (0.93-1.19) 0.94 (0.83-1.07)
New atrial fibrillation® 570 (6.9) 550 (6.7) 537 (6.5) 0.97 (0.86-1.09) 0.96 (0.85-1.07)
Renal impairment® 871 (10.2) 906 (10.6) 1,148 (13.5) 1.04 (0.96-1.14) 133 (1.22-1.44)
Renal failure requiring dialysis 48 (0.6) 52 (0.6) 65 (0.8) 1.09 (0.74-1.61) 1.37 (0.94-1.98)

a The number of patients included in this analysis were 5427 in the ramipril group, 5294 in the telmisartan group, and 5280 in the
combination-therapy group. P This category includes only patients who did not have atrial fibrillation at baseline: 8296 in the ramipril group,
8259 in the telmisartan group, and 8218 in the combination-therapy group. ¢ No specific definitions were used. A determination of renal
impairment was based on the clinical investigator’s report of an event that led to the discontinuation of a study drug. d p<0.001.

Copyright © 2008, Massachusetts Medical Society. All rights reserved.

with telmisartan; and -2.82 mL/min with ramipril,
P<0.001), although most of this difference was
related to renal hemodynamic changes and was
seen within the first 6 weeks. There was also more
acute dialysis in the combination group (hazard
ratio [HR] 2.19, 95% confidence interval [CI],
1.13-4.22, P=0.02). There were no significant
differences in the rate of doubling of serum crea-
tinine or in the rate of progression of chronic
kidney disease to the requirement for dialysis.
ONTARGET failed to demonstrate an improve-
ment in renal outcomes with combination therapy
and, despite reducing albuminuria, demonstrated
that there is an increased risk of acute renal failure
with combination therapy (Table 3).°

Should we believe the ONTARGET
renal results?

The ONTARGET trial was well designed and
executed, with sufficient power to address its
primary hypotheses. The conclusions from ON-
TARGET related to CV outcomes and mortality
are extremely robust. However, ONTARGET did
not study people with kidney disease and, there-
fore, its renal results should not be extrapolated
to those with chronic kidney disease. The average
urinary albumin to creatinine ratio (ACR) was
well within the normal range and the differences
in ACR at the end of the study were very small
(1.06 with ramipril, 0.98 with combination
therapy, P=0.0009). Very few people progressed
from microalbuminuria to overt nephropathy in
ONTARGET (2.1% with ramipril, 1.6% with com-
bination therapy; HR 0.76, 95% CI, 0.60-0.96,
P=0.019).

This stands in contrast to renal trials such as
the IRbesartan MicroAlbuminuria type 2 diabetes
in hypertensive patients (IRMA 2) study, where
the progression rate was as high as 15%.” At base-
line, the mean glomerular filtration rate (GFR) in
ONTARGET was reasonable and age-appropriate
at about 74 mL/min. The rate of decline in GFR in
ONTARGET ranged from between 0.26 and 0.55
mL/min per year. This represents a very slow loss
of renal function in all groups, especially consid-
ering that the average decline in GFR in the
general population is about 1 mL/min per year.”
The rate of ESRD was also very low, with the dial-
ysis rate in ONTARGET ranging between 0.56%
and 0.74% over >5 years of follow-up. This stands
in contrast to renal trials such as the Irbesartan in
Diabetic Nephropathy Trial (IDNT), where the
ESRD rate was almost 20%."

In summary, the population studied in
ONTARGET did not have a significant burden of
kidney disease at baseline. As such, one would not
expect a large number of renal events; indeed, the
ONTARGET population lost less renal function
than expected and only a very small number devel-
oped renal complications. It is impossible to demon-
strate a renal benefit of aggressive RAAS blockade
in a population without significant chronic kidney
disease and a very low renal event rate. Therefore,
the ONTARGET study does not contribute to our
understanding of the effectiveness of aggressive
RAAS blockade in people with kidney disease.

The sick day medication list

Although ONTARGET did not have sufficient
renal events to make robust conclusions about the
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efficacy of combination therapy in preventing renal
events, the large population and long follow-up
time does provide insights into the potential toxi-
city of combination therapy. Acute renal failure
requiring dialysis was rare in ONTARGET, but it
occurred twice as often in the combination therapy
group. This insight provides an opportunity to
recall that activation of the RAAS preserves BP
and renal function during times when a person is
dehydrated. Blockade of the RAAS can lead to
acute renal failure if a person becomes intravascu-
larly volume contracted (eg, during episodes of
vomiting, diarrhea, or decreased oral intake).
Patients should be given verbal instructions and a
“sick day medication list” that lists the medications
that should be put “on hold” if the patient is in
danger of volume contraction. All RAAS blockers
should be on this list, as should diuretics and nons-
teroidal anti-inflammatory drugs (NSAIDs). Some
endocrinologists would likely consider putting met-
formin on the sick day medication list as well.

Conclusion

Blockade of the RAAS has become one of the
primary interventions designed to slow the loss of
renal function in both diabetic and nondiabetic
kidney diseases. The nephrology community is now
studying ways to block the RAAS more aggres-
sively than seen with conventional doses of ACE
inhibitors or ARBs. The initial renal studies are
promising and larger endpoint trials are underway.
Although the ONTARGET study demonstrated
that there does not appear to be a role for ACE
inhibitor plus ARB combination therapy for
general vascular protection, it does not address the
effectiveness of such a strategy in people with
chronic kidney disease. The ONTARGET study
does remind us that there are potential toxicities
when blocking the RAAS and patients should be
instructed to stop taking these medications during
an acute illness. Aggressive RAAS blockade strate-
gies for renal protection should only be considered
in clinical settings where appropriate monitoring
and follow-up can be provided to the patient.

Dr. McFarlane is Director of Home Hemodialysis and Live
Kidney Donor Program, St. Michael’s Hospital, and a
Lecturer, University of Toronto.

References:

1. Hemmelgarn BR, Chen G, Walker R, et al. Trends in antihypertensive
drug prescriptions and physician visits in Canada between 1996 and
2006. Can J Cardiol. 2008;24(6):507-512.

2. Canadian Diabetes Association 2008 Clinical Practice Guidelines.
Available at: http://www.diabetes.ca/for-professionals/resources/
2008-cpg. Accessed October 6, 2009.

w

ul

(=}

~

oo

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Endocrinology
RounDs

. Yusuf S, Teo KK, Pogue J, et al. Telmisartan, ramipril, or both in

patients at high risk for vascular events. N Engl J Med.
2008;358(15):1547-1559.

. Canadian Hypertension Education Program. 2009 CHEP Recom-

mendations for the Management of Hypertension. Available at:
http://hypertension.ca/chep/recommendations-2009. Accessed
October 6, 2009.

. Heart & Stroke Foundation. Press release: Guideline alert for blood

pressure patients as treatment combo fails. January 16, 2009. Avail-
able at: http://www.heartandstroke.com/site/apps/nlnet/content2.
aspx?c=ikIQLcMWItE&b=3485819&ct=6501933. Accessed October
6, 2009.

. ISIS-4: A randomised factorial trial assessing early oral captopril, oral

mononitrate, and intravenous magnesium sulphate in 58,050 patients
with suspected acute myocardial infarction. ISIS-4 (Fourth Interna-
tional Study of Infarct Survival) Collaborative Group. Lancet. 1995;
345(8951):669-685.

. GISSI-3: Effects of lisinopril and transdermal glyceryl trinitrate singly

and together on 6-week mortality and ventricular function after
acute myocardial infarction. Gruppo Italiano per lo Studio della
Sopravvivenza nell'infarto Miocardico. Lancet.1994;343(8906):1115-
1122.

. Kober L, Torp-Pedersen C, Carlsen JE, et al. A clinical trial of the

angiotensin-converting-enzyme inhibitor trandolapril in patients with
left ventricular dysfunction after myocardial infarction. Trandolapril
Cardiac Evaluation (TRACE) Study Group. N Engl J Med. 1995;
333(25):1670-1676.

. Rutherford JD, Pfeffer MA, Moye LA, et al. Effects of captopril on

ischemic events after myocardial infarction. Results of the Survival
and Ventricular Enlargement trial. SAVE Investigators. Circulation.
1994;90(4):1731-1738.

Garg R, Yusuf S. Overview of randomized trials of angiotensin-con-
verting enzyme inhibitors on mortality and morbidity in patients
with heart failure. Collaborative Group on ACE Inhibitor Trials.
JAMA. 1995;273(18):1450-1456.

Yusuf S, Sleight P, Pogue J, et al. Effects of an angiotensin-converting-
enzyme inhibitor, ramipril, on cardiovascular events in high-risk
patients. The Heart Outcomes Prevention Evaluation Study Investi-
gators. N Engl J Med. 2000;342(3):145-153.

Maggioni AP, Anand I, Gottlieb SO, et al. Effects of valsartan on
morbidity and mortality in patients with heart failure not receiving
angiotensin-converting enzyme inhibitors. J Am Coll Cardiol. 2002;
40(8):1414-1421.

Pfeffer MA, Swedberg K, Granger CB, et al. Effects of candesartan
on mortality and morbidity in patients with chronic heart failure: the
CHARM-Overall programme. Lancet. 2003;362(9386):759-766.
Pfeffer MA, McMurray JJ, Velazquez EJ, et al. Valsartan, captopril, or
both in myocardial infarction complicated by heart failure, left ven-
tricular dysfunction, or both. N Engl J Med. 2003;349(20):1893-1906.
Lewis EJ, Hunsicker LG, Bain RP, et al. The effect of angiotensin-
converting-enzyme inhibition on diabetic nephropathy. The Collab-
orative Study Group. N Engl J Med. 1993;329(20):1456-1462.
Ruggenenti P, Fassi A, Ilieva AP, et al. Preventing microalbuminuria
in type 2 diabetes. N Engl J Med. 2004;351(19):1941-1951.

Parving HH, Lehnert H, Brochner-Mortensen J, et al. The effect of
irbesartan on the development of diabetic nephropathy in patients
with type 2 diabetes. N Engl J Med. 2001;345(12):870-878.

Lewis EJ, Hunsicker LG, Clarke WR, et al. Renoprotective effect of
the angiotensin-receptor antagonist irbesartan in patients with
nephropathy due to type 2 diabetes. N Engl J Med. 2001;345(12):
851-860.

Brenner BM, Cooper ME, de Zeeuw D, et al. Effects of losartan on
renal and cardiovascular outcomes in patients with type 2 diabetes
and nephropathy. N Engl J Med. 2001;345(12):861-869.
Anonymous. Randomised placebo-controlled trial of effect of
ramipril on decline in glomerular filtration rate and risk of terminal
renal failure in proteinuric, non-diabetic nephropathy. The GISEN
Group (Gruppo Italiano di Studi Epidemiologici in Nefrologia).
Lancet. 1997;349(9069):1857-1863.

Barnett AH, Bain SC, Bouter P, et al. Angiotensin-receptor blockade
versus converting-enzyme inhibition in type 2 diabetes and nephro-
pathy. N Engl J Med. 2004;351(19):1952-1961.

Hou FF, Xie D, Zhang X, et al. Renoprotection of Optimal Anti-
proteinuric Doses (ROAD) Study: a randomized controlled study of
benazepril and losartan in chronic renal insufficiency. J Am Soc
Nephrol. 2007;18(6):1889-1898.

Navar LG, Inscho EW, Majid SA, et al. Paracrine regulation of the
renal microcirculation. Physiol Rev. 1996;76(2):425-536.

Navar LG, Imig JD, Zou L, et al. Intrarenal production of angiotensin
II. Semin Nephrol. 1997;17(5):412-422.




25. Imig JD, Navar GL, Zou LX, et al. Renal endosomes contain angiotensin
peptides, converting enzyme, and AT(1A) receptors. Am J Physiol.
1999;277(2 Pt 2):F303-311.

26. Wolf G, Ritz E. Combination therapy with ACE inhibitors and angiotensin
II receptor blockers to halt progression of chronic renal disease: pathophys-
iology and indications. Kidney Int. 2005;67(3):799-812.

27. Keane WF, Brenner BM, de Zeeuw D, et al. The risk of developing end-stage
renal disease in patients with type 2 diabetes and nephropathy: the
RENAAL study. Kidney Int. 2003;63(4):1499-1507.

28. De Zeeuw D, Remuzzi G, Parving HH, et al. Proteinuria, a target for reno-
protection in patients with type 2 diabetic nephropathy: lessons from
RENAAL. Kidney Int. 2004;65(6):2309-2320.

29. Jacobsen P, Parving HH. Beneficial impact on cardiovascular risk factors by
dual blockade of the renin-angiotensin system in diabetic nephropathy.
Kidney Int. 2004;66(Suppl 92s):5S108-S110.

30. Burgess E, Muirhead N, Rene de Cotret P, et al. Supramaximal dose of can-

desartan in proteinuric renal disease. J Am Soc Nephrol. 2009; 20(4):893-900.

. Epstein M. Adding spironolactone to conventional antihypertensives

reduces albuminuria in patients with diabetic nephropathy. Nature Clin
Pract Nephrol. 2006;2(6):310-311.

32. Epstein M, Williams GH, Weinberger M, et al. Selective aldosterone
blockade with eplerenone reduces albuminuria in patients with type 2 dia-
betes. Clin J Am Soc Nephrol. 2006;1(5):940-951.

33. Parving HH, Persson F, Lewis JB, et al. Aliskiren combined with losartan in
type 2 diabetes and nephropathy. N Engl J Med. 2008; 358(23):2433-2446.

34. Nakao N, Yoshimura A, Morita H, Takada M, Kayano T, Ideura T. Combi-
nation treatment of angiotensin-II receptor blocker and angiotensin-
converting-enzyme inhibitor in non-diabetic renal disease (COOPERATE):
a randomised controlled trial. Lancet. 2003;361:117-124.

35. Kunz R, Wolbers M, Glass T, et al. The COOPERATE trial: a letter of
concern. Lancet. 2008;371(9624):1575-1576.

36. Mann JF, Schmieder RE, McQueen M, et al. Renal outcomes with telmis-
artan, ramipril, or both, in people at high vascular risk (the ONTARGET
study): a multicentre, randomised, double-blind, controlled trial. Lancet.
2008;372(9638):547-553.

37. Stevens LA, Coresh J, Greene T, et al. Assessing kidney function — measured and
estimated glomerular filtration rate. N Engl J Med. 2006;354(23):2473-2483.

3

—

Abstract of Interest

Renoprotection of Optimal Antiproteinuric Doses
(ROAD) Study: a randomized controlled study of
benazepril and losartan in chronic renal insufficiency

Hou FF, X1E D, ZHANG X, ET AL.

The Renoprotection of Optimal Antiproteinuric Doses
(ROAD) study was performed to determine whether titration
of benazepril or losartan to optimal antiproteinuric doses
would safely improve the renal outcome in chronic renal
insufficiency. A total of 360 patients who did not have dia-
betes and had proteinuria and chronic renal insufficiency
were randomly assigned to four groups. Patients received
open-label treatment with a conventional dosage of
benazepril (10 mg/d), individual uptitration of benazepril
(median 20 mg/d; range 10 to 40), a conventional dosage of
losartan (50 mg/d), or individual uptitration of losartan
(median 100 mg/d; range 50 to 200). Uptitration was per-
formed to optimal antiproteinuric and tolerated dosages, and
then these dosages were maintained. Median follow-up was
3.7 yr. The primary end point was time to the composite of a
doubling of the serum creatinine, ESRD, or death. Secondary
end points included changes in the level of proteinuria and
the rate of progression of renal disease. Compared with the

conventional dosages, optimal antiproteinuric dosages of
benazepril and losartan that were achieved through uptitra-
tion were associated with a 51 and 53% reduction in the risk
for the primary end point (P=0.028 and 0.022, respectively).
Optimal antiproteinuric dosages of benazepril and losartan,
at comparable BP control, achieved a greater reduction in
both proteinuria and the rate of decline in renal function
compared with their conventional dosages. There was no sig-
nificant difference for the overall incidence of major adverse
events between groups that were given conventional and
optimal dosages in both arms. It is concluded that uptitration
of benazepril or losartan against proteinuria conferred further
benefit on renal outcome in patients who did not have dia-
betes and had proteinuria and renal insufficiency.

J Am Soc Nephrol. 2007;18(6):1889-1898.
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