IN THE LITERATURE

Efficacy and Safety of Fondaparinux and Enoxaparin for Acute Coronary
Syndromes in CKD

Commentary on Fox KA, Bassand JP, Mehta SR, et al: Influence of renal function on the
efficacy and safety of fondaparinux relative to enoxaparin in non-ST-segment elevation acute
coronary syndromes. Ann Intern Med 147:304-310, 2007.

atients with chronic kidney disease (CKD)
have high rates of traditional cardiac risk
factors, such as advanced age, hypertension, diabe-
tes mellitus, left ventricular hypertrophy, and dyslip-
idemia. They also have a high prevalence of nontra-
ditional cardiac risk factors, such as anemia,
proteinuria, electrolyte imbalances, hyperhomocys-
teinemia, and vascular dysfunction.'" Not surpris-
ingly, coronary heart disease is highly prevalent in
this population, and it is the leading cause of death
in dialysis patients, as well as those with earlier
stages of CKD.? Dialysis patients are more than 10
to 30 times as likely to die of this complication
compared with the general population.’

Given the high prevalence of acute coronary
syndrome (ACS) in patients with CKD, clinicians
frequently are confronted with choosing an appro-
priate antithrombotic regimen that both maximizes
clinical benefit and minimizes bleeding risk during
percutaneous coronary intervention (PCI). Use of
enoxaparin and unfractionated heparin in patients
with decreased kidney function have both been
associated with increased bleeding risk.*>”

Fondaparinux, a synthetic pentasaccharide an-
ticoagulant, has selective antithrombin and anti-
factor Xa activity. It has proven thromboprophy-
laxis benefits over enoxaparin in orthopedic
surgery® and has been found to be noninferior to
unfractionated heparin in treating patients with
pulmonary embolism’ and deep vein thrombo-
sis.® Although not currently approved by the US
Food and Drug Administration (FDA) for treat-
ment of patients with ACS and PCI, preliminary
data suggest that fondaparinux has efficacy simi-
lar to enoxaparin’ and less frequent bleeding
complications than unfractionated heparin'® in
patients with normal kidney function. Fondapa-
rinux is eliminated unchanged in urine, whereas
enoxaparin undergoes both hepatic metabolism
and urinary excretion. The difference in drug
elimination may have important consequences in
patients with CKD. Recently, 2 reports of the
Fifth Organization to Assess Strategies in Acute

Ischemic Syndromes (OASIS-5) trial compared
the efficacy and safety of these compounds in
PCI for patients with ACS.

WHAT DID THIS IMPORTANT STUDY SHOW?

OASIS-5 was a multinational, randomized,
double-blind, placebo-controlled, parallel-group
study of fondaparinux versus enoxaparin in pa-
tients with unstable angina or non—-ST-segment
elevation myocardial infarction."' Briefly, OA-
SIS-5 compared the safety and effectiveness of
enoxaparin, 1 mg/kg, subcutaneously every 12
hours with fondaparinux, 2.5 mg, subcutane-
ously once daily in 20,078 patients within 24
hours after the onset of unstable angina or non—
ST-segment elevation myocardial infarction. In
patients with a creatinine clearance (C,) less
than 30 mL/min, the enoxaparin dose was
decreased to 1 mg/kg once daily; there were no
dose adjustments for fondaparinux. Fondapa-
rinux and enoxaparin could be administered
for up to 8 days or until patient discharge. The
primary objectives of the study were to: (1)
show the noninferiority of fondaparinux com-
pared with enoxaparin in the primary efficacy
end point (death, myocardial infarction, or
refractory ischemia) at 9 days; and (2) deter-
mine whether the safety profile of fondapa-
rinux was superior to that of enoxaparin with
respect to major bleeding. Patients were fol-
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lowed up for a minimum of 90 days and a
maximum of 180 days.

The main results were reported in the April 6,
2006, edition of the New England Journal of
Medicine."" Fondaparinux and enoxaparin had
similar composite cardiac event rates at 9, 30,
and 180 days. However, fondaparinux had signifi-
cantly lower bleeding rates at 9 days (2.2%
versus 4.1%, respectively; hazard ratio [HR],
0.52; 95% confidence interval [CI], 0.44 to 0.61;
P < 0.001), 30 days (3.1% versus 5.0%, respec-
tively; HR, 0.62; 95% CI, 0.54 to 0.72; P <
0.001), and 180 days (4.3% versus 5.8%, respec-
tively; HR, 0.72; 95% CI, 0.64 to 0.82; P <
0.001). The investigators concluded that
fondaparinux had efficacy similar to enoxapa-
rin in decreasing the risk of cardiac ischemia at
9 days and had a significantly lower risk of
bleeding.

In the September 4, 2007, edition of the An-
nals of Internal Medicine,'? this same investiga-
tive team published a subgroup analysis of these
data to assess whether the increased bleeding
risk noted with enoxaparin in OASIS-5 was
related to the level of kidney function in study
participants. Therefore, the efficacy and safety
data from 19,979 OASIS-5 participants were
stratified into quartiles based on estimated glo-
merular filtration rate ([eGFR]: <58 (N = 5,141);
58 to 71 (N = 4,845); 71 to 86 (N = 5012); and
=86 mL/min/1.73 m?> (N = 4,996), respec-
tively).

Regarding efficacy, fondaparinux had a signifi-
cant benefit in decreasing the composite outcome
of death, myocardial infarction, and refractory
ischemia at day 30 only in patients with eGFR
less than 58 mL/min/1.73 m?. All other eGFR
groups had similar end point rates compared
with enoxaparin. However, regarding safety,
fondaparinux use was associated with signifi-
cantly lower bleeding events compared with
enoxaparin (Table 1). At day 9, fondaparinux use
was associated with less major bleeding across
all eGFR quartiles. This continued through days
30 and 180 for all eGFR quartiles with the
exception of eGFR of 71 to 85 mL/min/1.73 m?.
The most notable bleeding differences were found
in those with an eGFR less than 58 mL/min/1.73 m?
(Table 1). At day 9, the HR for major bleeding
events in the fondaparinux group was less than
half that of the enoxaparin group (HR, 0.42; 95%
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CI, 0.32 t0 0.56; P < 0.001) and continued to be
significantly lower throughout the duration of the
study (HR, 0.65; 95% CI, 0.52 to 0.80; P <
0.001 at 180 days).

HOW DOES THIS STUDY COMPARE WITH
PRIOR STUDIES?

This is the first analysis specifically aimed at
documenting the safety and efficacy of fondapa-
rinux in patients with varying levels of kidney
function; however, there have been analyses of
enoxaparin in this population. A recent meta-
analysis assessed the risk of bleeding and antifac-
tor Xa levels in patients with stage 4 or non—
dialysis-dependent stage 5 CKD treated with
enoxaparin and other low-molecular-weight hep-
arin preparations.” In total, 18 clinical trials were
analyzed; 8 focused solely on the use of therapeu-
tic doses of enoxaparin (1 mg/kg every 12 hours
or 1.5 mg/kg every 24 hours) in patients with a
Cc, of 30 mL/min or less,*'*'? whereas 4 stud-
ies focused on adjusted-dose enoxaparin admin-
istration in patients with a C¢, of 30 mL/min or
less.”*

Results of this meta-analysis showed 2 clini-
cally significant findings: (1) a clear inverse
relationship exists between C, and peak antifac-
tor Xa levels; and (2) the presence of a C, of 30
mL/min or less was independently associated
with increased risk of major bleeding events in
patients receiving therapeutic-dose enoxaparin.
For example, the odds ratio of severe bleeding in
patients with a Cc, of 30 mL/min or less receiv-
ing therapeutic enoxaparin dosing was nearly 4
times greater than that of patients with a greater
Cc, (odds ratio, 3.88; 95% CI, 1.78 to 8.45; P =
0.03). In the 4 studies that administered de-
creased doses of enoxaparin, there was no in-
crease in adverse bleeding (odds ratio, 0.58; 95%
CI, 0.09 to 3.78; P = 0.5). However, because the
number of patients with a C., less than 30
mlL/min in these studies was small, these results
should be interpreted with caution.

WHAT SHOULD CLINICIANS AND
RESEARCHERS DO?

The OASIS-5 subgroup analysis provides en-
couraging clinical results. It suggests that
fondaparinux has similar clinical efficacy and
less major bleeding compared with enoxaparin,



Table 1. Efficacy and Safety Outcomes of Fondaparinux and Enoxaparin in the Subgroup Analysis of OASIS-5.

No. of Randomly
Outcome Assigned Patients Overall Enoxaparin Group Fondaparinux Group Hazard Ratio (95% Cl) P

Death, myocardial infarcation, or refractory ischemia

9d
GFR < 58 mL/min/1.73 m? 5,141 363 (7.1) 191 (7.4) 172 (6.7) 0.90 (0.73-1.11) 0.32
GFR 58-<71 mL/min/1.73 m? 4,845 297 (6.1) 140 (5.8) 157 (6.4) 1.10 (0.88-1.38) 0.41
GFR 71-<86 mL/min/1.73 m? 5,012 235 (4.7) 116 (4.6) 119 (4.8) 1.03 (0.80-1.33) 0.81
GFR = 86 mL/min/1.73 m? 4,996 252 (5.0) 123 (4.9) 129 (5.2) 1.05 (0.82-1.34) 0.70
Interaction — — — — — 0.38
30d
GFR < 58 mL/min/1.73 m? 5,141 573 (11.1) 315 (12.2) 258 (10.0) 0.81 (0.69-0.96) 0.01
GFR 58-<71 mL/min/1.73 m? 4,845 409 (8.4) 193 (8.1) 216 (8.8) 1.10 (0.90-1.33) 0.34
GFR 71-< 86 mL/min/1.73 m? 5,012 317 (6.3) 163 (6.5) 154 (6.2) 0.95 (0.76-1.18) 0.65
GFR = 86 mL/min/1.73 m? 4,996 361 (7.2) 189 (7.6) 172 (6.9) 0.91 (0.74-1.12) 0.37
Interaction — — — — — 0.45
180d
GFR < 58 mL/min/1.73 m? 5,141 946 (18.7) 495 (19.6) 451 (17.9) 0.90 (0.79-1.03) 0.12
GFR 58-<71 mL/min/1.73 m? 4,845 603 (12.6) 297 (12.6) 306 (12.7) 1.01 (0.86-1.19) 0.87
GFR 71-< 86 mL/min/1.73 m? 5,012 467 (9.4) 245 (9.9) 222 (9.0) 0.91 (0.76-1.09) 0.30
GFR = 86 mL/min/1.73 m? 4,996 503 (10.2) 265 (10.7) 238 (9.6) 0.90 (0.75-1.07) 0.22
Interaction — — — — — 0.85
Major bleeding events
9d
GFR < 58 mL/min/1.73 m? 5,141 233 (4.6) 163 (6.4) 70 (2.8) 0.42 (0.32-0.56) <0.001
GFR 58-< 71 mL/min/1.73 m? 4,845 170 (3.5) 110 (4.6) 60 (2.5) 0.53 (0.39-0.72) <0.001
GFR 71-< 86 mL/min/1.73 m? 5,012 123 (2.5) 74 (3.0) 49 (2.0) 0.66 (0.46-0.95) 0.026
GFR = 86 mL/min/1.73 m? 4,996 103 (2.1) 64 (2.6) 39 (1.6) 0.61(0.41-0.90) 0.014
Interaction — — — — — 0.056
30d
GFR < 58 mL/min/1.73 m? 5,141 299 (5.9) 193 (7.6) 106 (4.2) 0.54 (0.42-0.68) <0.001
GFR 58-< 71 mL/min/1.73 m? 4,845 209 (4.4) 127 (5.4) 82 (3.4) 0.62 (0.47-0.82) <0.001
GFR 71-< 86 mL/min/1.73 m? 5,012 154 (3.1) 88 (3.5) 66 (2.7) 0.75 (0.55-1.03) 0.078
GFR = 86 mL/min/1.73 m? 4,996 145 (2.9) 85 (3.4) 60 (2.4) 0.70 (0.50-0.98) 0.036
Interaction — — — — — 0.093
180d
GFR < 58 mL/min/1.73 m? 5,141 359 (7.3) 216 (8.7) 143 (5.8) 0.65 (0.52-0.80) <0.001
GFR 58-< 71 mL/min/1.73 m? 4,845 260 (5.5) 147 (6.3) 113 (4.8) 0.74 (0.58-0.95) 0.018
GFR 71-< 86 mL/min/1.73 m? 5,012 191 (3.9) 102 (4.1) 89 (3.6) 0.87 (0.66-1.16) 0.350
GFR = 86 mL/min/1.73 m? 4,996 177 (3.6) 103 (4.2) 74 (3.0) 0.71 (0.53-0.96) 0.026
Interaction — — — — — 0.301

Note: Values expressed as number (percent) unless noted otherwise.
Abbreviations: OASIS-5, Fifth Organization to Assess Strategies in Acute Ischemic Syndromes; Cl, confidence interval; GFR, glomerular filtration rate.
Adapted with permission from Fox et al.?
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especially in patients with decreased kidney func-
tion. With respect to bleeding, this finding is
surprising given that both drugs undergo exten-
sive renal clearance and have prolonged plasma
half-lives in patients with CKD. There are at
least 2 potential explanations for this. First, un-
like fondaparinux, which is excreted unchanged
in urine, enoxaparin undergoes some hepatic
metabolism into active and inactive heparin frag-
ments that also are renally cleared. This prolongs
its half-life in patients with CKD and may ex-
plain the increased bleeding. Second, the fondapa-
rinux dose administered in the OASIS-5 trial (2.5
mg) is the lowest available dose and is less than
the typical 5- to 10-mg doses generally adminis-
tered for patients with deep vein thrombosis and
pulmonary embolism. Therefore, one could ar-
gue that the patients in the OASIS-5 study re-
ceived at least a 50% dose reduction compared
with standard fondaparinux therapy. This may
serendipitously be the most appropriate dose in
patients with CKD.

These efficacy and safety data, although com-
pelling, have some noteworthy limitations that
preclude fondaparinux from becoming standard-
of-care treatment for patients with ACS and PCI
with CKD. First, the vast majority of subjects
(approximately 75%) had eGFRs typically not
considered clinically relevant when dosing drugs
(ie, eGFR > 60 mL/min/1.73 m®). The lowest
eGFR quartile classification was less than 58 mL/
min/1.73 m?, and it was not clear how many of
these patients truly had severe kidney disease (ie,
eGFR < 30 mL/min/1.73 m?) versus moderate
kidney disease (ie, eGFR, 30 to 59 mL/min/1.73
m?). It is possible that very few of these subjects
had severe kidney disease; accordingly, it is
unknown at this time how the efficacy and safety
of fondaparinux would be influenced in patients
with eGFR less than 30 mL/min/1.73 m>. This
analysis would have benefited if the investigators
described the baseline level of kidney function in
the subject demographics and then classified
them according to accepted CKD stages.

Second, subgroup analyses can be prone to
produce misleading results, particularly when
subgroups in the analysis are not defined a priori.
The OASIS-5 study was neither designed nor
powered a priori to determine the efficacy and
safety of fondaparinux and enoxaparin in pa-
tients with varying levels of kidney function.
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Thus, these results should be considered explor-
atory and not confirmatory.

Third, at this time, fondaparinux is only FDA
approved for the prophylaxis and treatment of
patients with deep vein thrombosis and pulmo-
nary embolism and is not approved for those
with ACS. Because the practice of interventional
cardiology has become highly evidence based
and clinical practice guideline dominated, it is
doubtful that cardiologists will routinely use non—
FDA-approved drugs in highly complex proce-
dures in high-risk patients, such as those with
CKD.

Despite these limitations, this analysis touches
on a key point that should be emphasized. Princi-
pally, to decrease the risk of bleeding, the thera-
peutic dose of enoxaparin should be decreased in
patients with severe CKD. The FDA-approved
package insert for enoxaparin suggests a dose
decrease to 1 mg/kg subcutaneously once daily
in patients with a Cc, of 30 mL/min or less,**
whereas others suggested alternative dose adjust-
ments.?*>* The most appropriate dose decrease
was not fully evaluated in the literature; there-
fore, at this time, it is prudent to follow the
FDA-approved dosing guidelines and consider
monitoring peak antifactor Xa levels to guide
further dosing.

In conclusion, fondaparinux may be a safer
alternative to enoxaparin in patients with de-
creased kidney function. These subgroup data
provide a strong rationale for the development of
additional large-scale analyses that assess the
safety and efficacy of fondaparinux in patients
with moderate to severe kidney disease.
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