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Clinical Review Section

1.6. Laboratory Findings

The clinical proéram included appropriate monitoring of routine hematology, blood
chemistry, and urinalysis tests in all studies. More specialized tests (sex hormones, renin-
angiotensin system hormones, other hormones including thyroid and cortisol) were
performed in specific studies. The range and frequency of tests appears to be adequate
for characterizing the effects of eplerenone upon laboratory test values with the possible
exception of effects upon TSH levels. The effects upon TSH levels are discussed below.

Prior to the start of the clinical program the sponsor developed upper and lower limits for
laboratory values (except for sex hormones and certain tests performed only in special
studies) representing values of potential clinical relevance and cutoff values considered to
represent lower and upper extremes. These upper and lower mid-range and extreme
values were developed following discussion with external safety consultants and are
displayed in the figure below.

Reviewer’s comment: The cutoff values in the figure below seem very reasonable and are
also used in some of the reviewer’s analyses.
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Lower Extreme | Lower Mid-Range | Higher Mid-Range Higher Extreme
Laboratory Test {L-) Limit (L) Limit (H) (H+)
Hematology '
White blood cells (WBC)] 2.0 x 10°L 40x10°7L] 12.0 x 10°/L 20.0 x 10°]
Granulocytes/ibands 1.00 x 10°7L 2.00 x 10°/L 11.00 x 10°/L 20.00 x 10°/L]
Lymphocytes 0.50 x 10"/L 1.00 x 10°/L 6.00 x 10°/L 20.00 x 10°/L
gosinophils N/A 0.00 x 10°/L 0.70 x 10°/L 0.99 x 10°L
Red biood cells {(RBC) 3.0x 10 “/L 4.0 x 10'“/L 6.3 x 10™/L 7.5 x 10 “/b
Hemoglobin 7.0g/dL or>
3.0 g/dL 10.0 g/dL 16.0 g/dlL 18.0 g/dL
decrease
Hematocrit 0.21 or
| > .10 decrease 0.30] 0.50| 0.60]|
Platelets 50 x 10°/L 100 x 1071 450 x 10°/L] 600 x 107/L]
Clinical chemistry
Bilirubin (total) N/A N/A 26 pmollL 35 pmoliL
AST (SGOT) N/A N/A 75 U/l 200 UL
ALT (SGPT) N/A N/A] 75 UL 200 UL
Alkaline phosphatase N/A N/A 200 UA 500 Ui
[Creatinine _N/A N/A 177 umol/ﬁ 265 pymol/
BUN N/A N/A 10.7 mmaol/L 14.3 mmollL
Glucose 2.2 mmoliL 2.8 mmoliL 8.9 mmoliL 19.4 mmoliL
Uric Acid 119 pmolit 149 pmol/L 535 pmogg,r 714 pmol/
Creatine phosphokinase
{CPK) N/A N/A 230 U 300 UL
Sodium 120 mmol/t 135 mmol/L 150 mmol/L 160 mmolil] -
Potassium 2.0 mmoliL 3.5 mmoiiL 5.0 mmolf 5.5 mmol/L|
Chioride 80 mmoli 90 mmol/l. 115 mmol/l 130 mmoliL.
Bicarbonate 15 mmoliL 20 mmol/L 30 mmol/iL 35 mmal/L
Calcium > 15% below
Baseline, or 2.00 mmol/L 2.74 mmol/L 3.74 mmoliL
< 1.70 mmol/L
Inorganic phosphorus 0.32 mmolilL 0.97 mmol/L 1.61 mmoliL 2.42 mmoliL
Magnesium 0.35 mmoliL 0.65 mmolL 1.30 mmol/L 1.50 mmolit]
Cholesterol {1otal) /A 3.10 mmol/L 10.00 mrnol/L 11.00 mmol/L
Triglycerides N/A 0.11 mmol/L 2.83 mmol/L 5.65 mmoliL
Total protein 30gL 55 g/l 90 g/l 100 g/L
Albumin 20 g/ 30g/L 60 g/L 75 g/l
Glutamyl Transferase N/A N/A] 100 UA} 150 ULt
Coagulation
Prothrombin time (P1)__] N7A] N/A] 18.0 sec| 36.0 sec
Urinalysis _
Protein N/A N/A Trace] 1+ (300 mg/24h)
Glucose N/A N/A Trace 1+ (1 gf24h)
PH N/A 4.0 8.0 8.5
|Specific gravity N/A 1.003 1.030 1.040
[RBC N/A O/hpf S/hpf] 10/hp
IWBC N/A OMpf 10/h 20/hpf]
Ketones N/A N/A 1+ 3+
Unne bilirubin N/A N/A Negative 2+

Figure 31: Sponsor’s Prospective Mid-Range and Extreme Value Limits for Evaluation
of Clinical Laboratory Tests
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1.6.1. Hematology

Thé mean Chanées from baseline in hematology values, shown in the table below, were
small and similar among the treatment groups in the combined controlled trials.

Eplerenone
Eplerenone Coadministration Active
Placebo Monotherapy Therapy Comparators
Laboratory Test {unit) (N=2375) ~ (N=1748) {N=772) (N=1422)
Hemog:obin {g/dL} 14.26 (0.05} 14.40 (C.06) 14.54 (-0.C3) 14.42 {0.01)
Hema:ocra (%) 0424  (0.002) 0427  (0.000) 0434 (-0.005) 0.425 (-0.002}
RBC (x10"1L) 477 {0.04) 4.80 {0.01) 482 (-0.01) 481 {0.00)
Plateiet count (x10°1} 2486 (-0.4) 2418 {3.2) 240.2 (5.8) 2423 (3.3)
WBC (x10%1) 6.15 {0.15) 6.33 (0.24) 6.53 (0.20) 6.41 (0.18)
Neutrophil count (x10°/L) 3622 (0123} 3837 (0.150) 3914 (0.096) 3837 {0.150)
Bard count (x10°1L) 0.000 (0.000) 0.000  (0.000) 0.000 (0.0CO) 0.000  {0.000}
Lymphocyte count (x107L) 1923 (0.034) 1.890  (0.085) 2014 (0.088) 1.977 (0.027)
Monocyte count (x10°1) 0.364 (-0.004) 0.371  (0.008) 0.385 (0.020) 0.375 (-0.003)
Eosinophil count (x10°/L) 0.185 {-0.005) 0.175  (0.004) 0.155 (-0.001) 0.158  {0.005)
|_Basophl count (x10%1L) 0.050 (-0.001} 0.050  {0.001) 0.056  (0.0C1) 0.053  {-0.002

Source: Tadie T11.1.1. .

includes Stucies 010, 015. 016. 017. 018. 019. 020. 021. 022. 023. 024, 026, and 049: no additional antihypenensive
medication data included.

Data are exoressed as mean Baseline (mean change to Final Visit).

N/A=not appicable

Figure 32: Sponsor’s Mean Baseline and Changes in Hematology Values for
Controlled Trials

Low and high mid-range hematology values at the final visit with an incidence >2% in
any treatment group in the combined controlled trials are presented in the figure below.
The incidence of high mid-range hemoglobin values at the final visit was slightly higher
among patients who received eplerenone as either monotherapy or as part of
coadministration therapy compared to patients who received active comparators. No
other remarkable differences among the treatment groups were noted for the incidence of
mid-range hematology values. In particular outlier values for platelet counts were rare
and were evenly distributed among groups.
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Eplerenone
Laboratory Test and Eplerenone Coadministration Active
L_Mid-Range Criterion Piacebo Monotherapy Therapy Comparators

Low Mid-Range - _

wBC<40x10L 10/339  (29) | 29/1634 (1.8} 6/730 {0.8) | 2411327 (18)
Neutrophil Count < 2.00 x 10°1L 7/346 (2.1} | 2611633  {1.6) a734 (1.1} | 211325  (1.6)
Lymghocy'e Count < 1.00 x 10°1 8/348 (2.3} ] 18/1R43 (1.1} 11/737 {(1.5) | 1411342 (1.0)
High Mid-Range —_—

Hemoglodin > 16.0 g/cL 16/331  (4.8) | 88/1563 (5.7) 45/704 (6.4) | 5011262  (4.0)
Hematocrit > 0.50 8/349 (231 29/1652 (1.8} 15/732 {2.0y | 24/1330 _ {1.6)

Source: Tanie T12.1.1.
Includes Studies 010. 015, 016, 017. 018, 019, 020, 021, 022, 023, 024, 026, and 049. no additional antihypertensive

med:cation data included.
Data are expressed as no. of patients with mid-range value/no. of patients tested (% of patients).

Figure 33: Sponsor’s Low and High Mid-Range Hematology Values at the Final Visit
With >2% Incidence in Any Treatment Group: Combined Controlled Trials

The sponsor’s analyses of shifts from baseline to final values includes the following
pertinent findings:

e Four of 1662 (0.24 %) eplerenone monotherapy, 3 of 741 (0.4 %) coadministration,
and 2 of 1346 (0.15 %) active control vs. 0 placebo patients had final hemoglobin
values < 7.0 gm/dL or a 3.0 g/dL decrease.

e One of 1662 (0.06 %) eplerenone monotherapy, 1 of 741 (0.13 %) coadministration,
and 2 of 1346 (0.15 %) active control vs. 0 placebo patients had final neutrophil
values < 1.0 x 10°/L.

All of the extreme hemoglobin shifts were due to decreases of 3.0 and not to values < 7.0
gm/dL. As the sponsor’s numbers above indicate, extreme shifts were not more common
in the eplerenone groups compared to active controls. The reviewer did not find any
significant dose-response relationships by ANOVA using a continuous dose factor and
base value covariate. The reviewer also did not find any differences by gender. The
reviewer’s mean changes in selected hematologic values from baseline for the controlled
trials are shown in the table below and for placebo-controlled trials in the following table.

Table 32: Reviewer’s Mean Changes in Selected Hematologic Values from Baseline

for Controlled Trials
Group N Hemogiobin WBC  Neutrophils Platelets
Active 1420 -0.06 0.24 0.18 5.7
Coadmin | . 857 -0.12 0.23 0.12 5.2
Mono ~ 1661 -0.05 023 | 0.156 3.0
Placebo 375 0.03 0.12 0.07 0.1
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Table 33: Reviewer’s Changes in Selected Hematologic Values from Baseline for
Placebo-Contr6lied Trials

Active 337 0.02 0.29 0.19 5.2
Coadmin 309 0.15 0.36 0.22 6.6
Mono 960 -0.03 0.18 0.12 3.6
Piacebo 375 0.03 0.12 0.07 0.1

Note that the changes for eplerenone monotherap$for hemoglobin appear to be
consistently negative, although the changes are not statistically significantly different
than placebo. Changes for white cell counts and platelets are positive for all groups. The
reviewer’s numbers may differ slightly from the sponsor’s because the reviewer did not
exclude other antihypertensive medications and the algorithms for selecting a final value
when the patient terminates prematurely may differ.

The sponsor’s summary of the hematology results is the following:
“s No clinically meaningful differences in mean changes from Baseline, mid-range
values, or shift table analyses for hematology laboratory parameters were observed for

eplerenone-treated patients.

“« Higher than expected increases in hemoglobin values were observed across all
treatment groups including placebo.”

Reviewer’s comment: The reviewer did not observe higher than expected increases in
hemoglobin values across all groups. Extreme drops in hemoglobin were rare but may be
more frequent in the active treatment groups compared to placebo, particularly in the
coadministration group. Changes in platelet counts were minimal in all groups. Possibly
related adverse events are discussed below in the Review of Systems.

1.6.2. Serum Chemistry

1.6.2.1. Sponsor’s Analyses of Serum Chemistry
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The mean baseline and changes for the chemistry values for the combined clinical trials
are shown in the figure below.

- " Eplerenone
Eplerenone Coadministration Active
Placebo Monotherapy Therapy Comparators
Laboratory Test (unit) {N=375) {N=1748) {N=T72) {N=1422)
Tow! Bilwubn {umoliL) 83 (0.0} 94 (-C.4} 88 (0.2 8.8 (0%
Alkaiine Phosphatase (UL) 734 (2.0} 729 {0.4) 748 {(-1.8} 747 (1.4)
AST/SGOT (UL) 233 (0.3 227 (0.7) 228 (1.0} 226 (0.8)
ALTISGPT (Ui) 241 (0.7} 248 (1.6) 253 (1.2) 249 (0.8}
LDH (U/L) 158.2 {-11.6} 1494 (4.3} N/A N/A 149.5 (-134)
GGT (un} 341 (21} 330 {3.6) 339 (1.6} 17 {15}
Creatine Kinase (U/L) 2116 (-50.5) 135.2 (-7.6)] 1295 (-7.5) 1309 (-4.5)
Creatinine {umol'L) 76.3 (0.1} 778 (3.0) 745 {4.9) 746 2n
BUN (mmotiL} 498 {0.00) 5.36 (0.54) 570 {0.60) 5.60 0.27)
Sodium (mmoil.) 141.1 (0.0} 141.1 (-0.7;] 1408 -1.2)] 1412 {-0.2)
Potassium {mmoli) 4.22 {(-0.62) 424 (0.18) 431 {0.12} 425 {G.07)
Chiorige (mmoi/L} 104.7 (-0.1) 104.8 (-0.5)] 1044 (-1.4) 1047 (-0.4)
Bicarponate (mmol/L) 251 (-0.3) 254 {-1.00 25.7 {-0.2} 255 (-0.4)
Uric Acid {umol/L} 336.6 {4.5) 3394 (18.8)] 3398 {35.3;} 3409 {(-2.4)
Giucose (mmoli) 578 (-0.05} 597 (0.14) 6.29 {0.10) 6.10 Q1)
Total Protein (gt} 734 (0.5) 722 (0.8) 719 (0.6) 71.9 (0.3)} _
Albumin {g/L) 40.2 {0.5} 40.3 {0.3; 404 (0.1) 42.1 ©.3)] .
Calcium {(mmoil) 2.305 {0.029) 2299 (0.052)] 2279 (0.044;] 2279 (0.046)|k
Inorganic Phosphorus (mmol/L) 1.096 {0.021} 1.005 {0.023} 1.118 (0.029) 1.102 (0.027)i
Magnesium {mmol/L) 0.845 (-0.004) 0.841 (-0.020)] 0.B834 (-0.010)} 0.845 (-0.015;
Cholestero! (mmolL} 5.190 {0.102) 5.313 {0.17) 5418 {0.106) 5.389 (0 068)
HDL cholesterol (mmolil) N/A N/A 1273 (0009)] 1275 (-0031)| 1.279 (-0.012)
irdirect LDL cholesterol {mmol/L) 3.013 {0.085) 3202 (0007 3.305 (-0.045] 3257 (0.041)
Triclycerides /m~olL) 1.732 {0.075} 1.84C  (0.200}] 1.891 {0311} 1,834 (0 006)

Source: Tane T11.1.1.

Incluces Studies 01C. 015. 016. 017, 018. 019. 020. 021, 022, 023, 024, 026, and 049; no additional antihypertensive
medication data mncluded.

Data are expressed as mean Baseline (mean change to Final Visit).

N/A=not applicable

Figure 34: Sponsor’s Mean Baseline and Changes in Chemistry Values for Controlled
Trials

The sponsor’s discussion of the figure above is the following: “In general, the mean
changes from Baseline in serum chemistry parameters were similar between the placebo,
eplerenone monotherapy, eplerenone coadministration therapy, and active comparator
treatment groups. Although small and not considered meaningful, differences in mean
changes were observed for uric acid, creatinine, BUN, potassium and sodium. The
increase in mean change from Baseline for triglycerides observed in eplerenone-treated
patients seems to have occurred mostly in patients with dyslipidemia at Baseline and in
patients with type 2 diabetes. Patients in the eplerenone monotherapy and
coadministration therapy groups had greater mean increases in uric acid values and
greater mean decreases in sodium values compared to the placebo or active comparator
treatment groups. Greater mean increases in creatinine, BUN, glucose, potassium and
triglyceride values were observed among patients who received eplerenone or active
comparators compared to patients who received placebo.”
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Eplerenone
Laboratory Placebo 25mg 50 mg 100 mg 200 mg 400 mg
Test (unit) {N=194) (N=97) (N=245) {N=1383) {N=139) {N=104)
Totai Belirubin 9.6 0.3) 8.1 @8] 103 (-C.1] 1038 (-0.5) 88 (€2)f 122 {-0.3}
{umok'L)
[Orect Biirubin 23 (0.0} NA NA 25 {-0.1) 25 {-0.1) NA N/A 24 {-0.1}
tumokb'Ly
indirect Baicubin 8.8 ©.1 NA NA 88 10.1) 9.7 03§ NA NA| 98B {-0.2}
{umot'l)
Alkaline 72.2 12y N5 (1 s N2 (-0.5) 721 (O4f 72.1 {0.3)} 73.7 1-0.4}
phosphatase
{uL)
ASTISGOT (L) 237 (03] 23.1 o] 227 os) 211 o1} 233 (14) 1829 {1.94
ALT/SGPT (UL) 24.9 08;] 243 @5 238 (08 230 (13 252 12| 2.7 4.7}
LDH (UL) 158.2  (-11.84 NA Nal 1521 (-3.8)] 1491 23] WA NAl 1469 {-6.8;]
GGT (WL 335 {1.5 29.1 {1.5} 6.5 2.9y 329 (3.7 298 {(3.2)] 345 (11.4}
Ct‘eau‘—'\e Kinase 2374 (-932;} 1538 (75 1391 (134 1354 8.7} 135.0 {5.4)] 126.0 (-22.8}
ULy
reatinine 786 {(-04y 765 (.0.5:1 828 {1.2) 828 (0.5 738 {2.0)] 95.0 (2.5}
{umobLy
IBUN {mmotL} 515 (poB)] 524 003 509 (030 487 {0.39)] 534 (0.46)] 5.17  (0.794
Sodum (mmollL) 141.1 {0.14 1401 0.2 1411 (-0.6)] 141.1 -0.9)] 1411 (-1.1| 1408 {-1.84
Potassurn 427 (D02 428 {008 4.22 (0.14) 423 {0.09] 425 {0.19)| 4.19 (0.35;}
{mmotL}
Chionde (mmolL}  104.9 0.2 1042 0.3)] 105.1 (-0.2)] 1955 (0.6 105.0 (-0.7)}} 105.2 t-1.1)
|Bicarvonate 255 (-0.1] 256 (-O.b)r 257 (-0.9) 24.7 -1.0] 256 {-0.9) NiA N'A|
{mmobl)
Uric Acid (umolL)] 3319 {48} 39 (10.3)] 340.2 (15.8)] 3314 {18.0)} 1.5 {19.1)] 308.7 (24.2}
Glucose {mmokl 672 (o] 570 (008] 574 (002 582 {018 562 (0.2 585 (011
Tota Protein (gL 727 on] 731 021 724 {0.4)] 724 o4f 732 0.7} 706 {1.9;
Albuenin (gL ) 412 0.4y 403 ©3)] 409 (c.2)] 408 (0.1} 408 (0.1)| 411 (0.4;
Calcum {mmollL) 2326 {0.023;] 2.303 (0.016)] 2.345 (0.004)f 2354 (0.009 2309 (D030)| 2.343 {0.051}
inorgarec 1092 (0.0213f 1.101 (0.012y 1.108 (0.019)] 1.094 (0.001)) 1.086 (D.032)] 1.062 {(0.009;
Phosphorus
{mmoiL)
H!.‘.agnesmn 0845 (-0.002}] 0.838 {0.004)} 0.845 (-0011)] 0835 (-0.0184 0841 (-0.018)] 0.847 (0011
trmrmoill
Cholestecol 5.235 {0.098)] 5.310 0.038)] 5.387 (0086)] 5.191 {0.08BY 5217 {0.126)] 5319 (0.244;
{mmotl
Tngiycerid)es 1.887 {0082} 1.798 {0.111)] 1976 (0463)' 1.992 (0.085)] 1.921 (0.103)] 1.882 {0.404;
immoil}

Source: Tabke T11.2.2.
Includes Stucies 010, 015, ang 049.
Data are exprassed as mean Baseline (moean change to Final Visit).

NiA=not agplicable

F igui'e 35: Sponsor’s Mean Baseline and Changes in Chemistry Values for Placebo-
Controlled, Fixed Dose Monotherapy Trials

The sponsor ebserved the following regarding the results in the above figure: “Trends
were observed for ALT/SGPT, GGT, BUN, potassium, creatinine, and uric acid, with
greater increases noted with increasing dose. In addition, greater decreases in sodium
and magnesium were observed with increasing dose.”
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The mean-baseline and’'changes for the chemistry values that were significantly different
in the eplerenone/hydrochlorothiazide factorial trial (Study 015) are shown in the figure

below.
‘ ) Eplerenone Monotherapy HCTZ
Laboratory Test (unit) {N=152) {N=102) p-value
BUN {mmovL) 5.21 {0.20) 5.23 (0.57) 0.010
Potassium {mmolfl) 423 (0.12) 4.26 (-0.19) < (0.001
Chloride (menoliL ) 103.7 {-0.3) 1037 {-2.0) < 0.001
Bicarbonate (mmotil ) 270 (-0.4) 27.0 {0.9) < 0.0C1
Unc Acid {(nmoliL} 3478 {13.1) 340.7 (46.2) < (.001
Source. Table T11.3.
includos Study 015.

Data are exprassed as mean Baseline (mean change to Final Visd). except for p-values. and include any variables for
which a significant (p < 0.05) difference was observed between eplerenane monotherapy and HCTZ for mean change
from Baseline to the Fnal Visit.

Figure 36: Sponsor’s Mean Baseline and Changes in Serum Chemistry Values That
Were Significantly Different in the Eplerenone/Hydrochlorothiazide Factorial Trial

Note that the effects of HCTZ on BUN, chloride, bicarbonate are in the same direction
but greater than those of eplerenone while, as expected, the effects on potassium are
divergent between the two drugs. In addition to the significant differences shown in the
figure above, the increases in glucose with HCTZ exceeded those with eplerenone and
were close to nominal statistical significance. Increases in triglycerides with HCTZ were
slightly higher but not significantly different from increases with eplerenone. '

The mean baseline and changes for the chemistry values that were significantly different
in the trials involving spironolactone (Studies 010 and 018) are shown in the figure
below. Spironolactone had a similar but greater effect upon potassium, creatinine, and
BUN than eplerenone, but recall that the dosages of spironolactone given in these trials
also had a significantly greater antihypertensive effect than the dosages of eplerenone
given. Note that eplerenone appears to have a small but significantly greater effect upon
ALT and GGT than spironolactone.

The mean baseline and changes for the chemistry values for eplerenone monotherapy in
the long-term trials is shown in the following table. The slight changes appear consistent
with those observed in the controlled comparisons: a slight increases in ALT, GGT,
creatinine, BUN, potassium, uric acid, glucose, and triglycerides and slight decreases in
sodium, chloride, and bicarbonate.
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. . Eplerenone
- Monotherapy Spironolactone
Laboratory Test {unit) (N=386) {N=119) p-value
Total Bilirubin (pmoliL) 12.0 (-G.4) 118 (-12) g0t
Alkaline Phosphatase (UL) 72.3 63) 687 {-2.9} < 0.001
ASTISGOT (UL) ~ 20.1 0.6} 222 {-1.5) 0.037
ALT/SGPT (UA) - 228 (2.3) 257 {(-1.4) < 0.001
LDH (L) 1494 (-4.3) 1495  (-13.4) 0.007
GGT (UL} 341 (6.4) 330 {1.8) 0019
Creatinine (umoliL) 90.0 2.0 824 (10.3) < 0.001
BUN (mmoliL) 5.11 {0.60 5.42 (141) <0001
Sodium (mmoliL} 1412 (1.4} 1412 (-2.1) 0.007
Potassium {mmoi/L) 413 {025) 4.04 (0.57) < 0.001
Albumin (gL} 410 02) 407 (1.0} 0.002
Inarganic Phosphorus (mmoliL} 1.074 (0.008) 1.046 (0.061) 0.006
Magnesium (mmol/L) 0845 (0014 0.855 (-0 034) 0.008

Source. Table 711 4

Includes Studias 01C and 018.

Data are expressed as mean Baseine (mean change to Final Visit), except for p-values. and include any variables for
which a sgnificant (p < 0.05) difference was obsarvad between gplerenone monoiherapy and spronolactone far moan
change from Baselne 10 the Final Visd.

Figure 37: Sponsor’s Mean Baseline and Changes in Serum Chemistry Values That
Were Significantly Different in the Trials Involving Spironolactone

Eplerencne Long-Term
Monotherapy

Laboratory Test (unit) {N=1130)

Total Bilirubin (umoi/L) 94 (-0.7)
Alkaline Phosphatase (U/L) 725 .7
AST/ISGOT (UL) 23.5 {0.5)
ALT/SGPT (UL) 26.4 (1.2)
GGT (UL) 3238 (3.4)
Creatine Kinase (U/L) 125.5 (-6.9)
Creatinine (umoi/L) 745 {3.8)
BUN (mmoil) 5.56 (0.57)
Sodium {(mmoilL) 140.5 (-0.2)
Potassium (mmolL) 429 (0.18)
Chioride (mmol/L) 104 .4 (-0.4)
Bicarbonate (mmol/L) 26.0 (-0.9)
Uric Acid (pmollL) 349.0 (15.8)
Glucose {(mmol/L}) 6.14 (0.14)
Total Protein (g/L) 71.6 (R}
Albumin (g/L) 398 (0.7)
Calcium (mmoif ) 2.261 (0.081)
inorganic Phosphorus (mmol/L) 1.093 (0.026)
Magnesium (mmol/L) 0.851 (-0.030)
Cholesterol (mmol/L) 5.397 (0.140)
HDL Cholesterol (mmoV/L) 1.164 (0.007)
indirect LDL Cholesterol 3.097 (-0.021)

(mmol1)
| Triglycerides (mmol/L) 1.982 (0.193

Source. Table T11.12.
inciudes Stuties 016, 017.021. 022, and 025. no addtional antihypertensive medication data included.
- Data are exprassed as mean Baselne (mean change 1o final visit).

Figure 38: Sponsor’s Mean Baseline and Changes in Serum Chemistry Values
for Patients Receiving Eplerenone Monotherapy in the Long-Term Trials
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The final visit chemistry values outside of the low and high mid-range values with at
least two percent incidence in any treatment group are shown in the table below.

] Eplerencone

Laboratory Test and Eplerenone Coadministration Active

Mid-Range Criterion Placebo Monotherapy Therapy Comparators
Low Mid-Range
Sodum < 135 mmolL 1/351 (6.3 15/1682  (0.9) 25/748 (3.3) 12/1366 (0.9;
Bicarbonate < 20 mmokL 9294 {3.1)] 451368 (3.3) 18/743 (2451 2111313 (1.6
Inorganic Phospnorus 32340 (9.4)] 12111609  (7.9) 65718 {9.131 98/1308 (7.5

< .97 mmolL
High Mid-Range
GGT » 100 UL 7:345 (2.0 321696 {1.9) 10/738 (1.4 22/13% {1.6;
Creatino Kinase > 230 UL 21/312 (8.7} 6711605  {4.3) 287728 (3.8)] 65:1303 5.0}
Porassium > 5.0 mmoll 4368 (1.1) 741702  {4.3) 47:756 (6.25] 43/1403 3.0
Bicarbonate > 30 mmoiil 6294  (2.0)] 2111368 {1.5) 25743 (3.4)] 32/1313 (2.4)
Uric Acid > 535 pmoliL 7/348 (2.0)] 351674 (2.1} 31741 (5.0)] 20:.1361 (1.5)
Ghicose > 8.9 mmoll 9347 (26)] 47/1641 {2.9) 32/708 (4.5)] 4211306 (3.2
Trglycendes » 2.83 mmolL 22/330 (6.7)] 14211573 {9.0) 67:€82 {9.8) 74/1279 {5 8)

Source. Table T12.1.1.

inciudes Stucies C10, 018, 016, 017, 018. 019, 020. 021. 022. 023. ¢24. 026€. and 049; no adaihonal antinypertensive
medication data included.

Data are expressad as no. of patients with mid-range value/no. of patients tested (% of patients).

Figure 39: Sponsor’s Low and High Mid-Range Serum Chemistry Values at the Final
Visit With =2% Incidence in Any Treatment Group: Combined Controlled Trials

Note that these tests are about the same as the ones for which eplerenone seems to have
an effect upon mean values. However, the eplerenone monotherapy values at the final
visit in the figure above are more extreme than placebo only for sodium, potassium, and
triglycerides and the eplerenone coadministration values are more extreme for sodium,
potassium, bicarbonate, glucose and triglycerides.

For some tests, the maximum values at any time during the treatment period appear to be
more revealing. The final visit and maximum values exceeding the high mid-range
reference values for liver function tests, taken from sponsor’s Table 1.2.1, are shown in
the figure below. Note that for ALT and GGT the eplerenone monotherapy and
coadministration incidences exceed the placebo rates for the maximum values but not for
the final visit values. A similar pattern exists for the renal function tests and electrolytes
shown in the second figure below. The only other tests that appeared to have clinically
significant differentials for this outlier analysis were glucose and triglycerides. The rates
for glucose and triglycerides are shown in the third figure below. Included in that figure
are the rates for urine glucose as well.
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Eplerenone Co-Adm in Ac tive
Lab Test - High Midrange Criteria Plac ebo Monotherapy Therap y Co mparators
Total Bilirubin - Above 2 6 umol/L
Final Visit 3/351 (0.9} 4/1682 (0.2) 1/744 (0.1) 4 /1361 (0.3)
Maximum Value 4/3%1 (1.1} 20/1682 (1.2) 4/744 (0.5) 8 /1361 (0.6)
Alkaline Phosphatase - Above 200 U/L
Final visit 1/351 (0.3) 2/1683 (0.1) 0/748 (0.0) 3 /1362 (0.2)
Maximum Value 1/351 (0.3) 5/1683 (0.3) 2/748 (0.3) 5/1362 (0.4)
AST(SGOT) - Above 75 U/L
Final Visit 1/351 (0.3) 6/1681 (&,.4) 4/746 (0.5) 6 /1363 (0.4)
Maximum Value 3/351 (0.9) 12/1681 (0.7) 5/746 (0.7) 12 /1363 (0.9)
ALT (SGPT) - Above 75 U/L
Final Visit 6/349 (1.7 20/1676 (1.2) 13/745 (1.7) 10 /1361 (0.7)
Maximum Value 7/349 (2.0) 49/1676 (2.9) 23/745 (3.1) 33 /1361 (2.4)
GGT - Above 100 U/L
Final Visit 7/345 (2.0) 32/1656 (1.9) 10/738 (1.4) 22 /1356 (1.6)
Maximum Value 9/345 (2.6) 58/1656 (3.5) 27/738 (3.7) 39 /1356 (2.9).

Figure 40: Sponsor’s Final Visit and Maximum Values Exceeding the High Mid-range
Reference Values for Combined Clinical Trials (Liver Function Tests)

APPEARS THIS WAY
ON ORIGINAL
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- E plerencne Co-Admi n Act ive

Lab Test - High Midrange Criteria Placebo M onotherapy Therapy Com parators
Creatinine - .Above 177 umol‘/l.

Final visit T 0/352 (0.0) 3/1685 (0.2) 1/749 (0.1) 1/ 1366(<0.1)

Maximum Value 0/352 (0.0) 7/1685 (0.4) 6/749 (0.8) 1/1366(<0.1)
BUN - Above 10.7 mmol/L

Final Visit 0/351 {0.0) 21/1681 (1.2) 13/748 (1..7) 16/ 1362 (1.2)

Maximum Value 0/3s51 (0.0) 41/1681 (2.4) 47/748 (6 .3) 37/ 1362 (2.7}
Sodium - Above 150 mmol/ L

Final visit 0/351 (0.0) 0/1682 (0.0) 0/748 (0.0} 2/ 1366 (0.1)

Maximum Value 1/351 (0.3) 1/1682(<0.1) 1/748 (0.1) 5/ 1366 {0.4)
Sodium - Below 135 mmol/L (Low Midrange Criteria)

Final Vvisit 1/35% (0.3) 15/1682 (0.9) 25/748 (3 .3) 12/ 1366 (0.9)

Minimum Value 2/351 (0.6) 47/1682 (2.8) 55/748 (7 .4) 32/ 1366 (2.3)
Potassium - Above 5.0 mmol/L -

Final Visit 4/368 (1.1) 74/1702 (4.3) 47/756 (6 .2) 43/ 1403 (3.1 b

Maximum Value 20/368 (5.4) 316/1702(18.6) 135/756 (17 .9) 230/ 1403(16.4
Chloride - Above 115 mmo 1/L

Final Visit 0/351 (0.0) 1/1684(<0.1) 0/748 (0 .0) 1/ 1366((6.1)-

Maximumn Value 0/351 (0.0) 2/1684 (0.1) 1/748 (0 .1) 1/1366{<0.1)
Bicarbonate - Above 30 mmol/L
Final Visit 6/294 (2.0} 21/1 368 (1.5) 25/743 (3.4) 32/1313 (2.4}

Maximum Value 10/254 (3.4) 77/1368 (5.6) 48/743 (6 .5) 93/1313 (7.1)
Uric Acid - Above 535 umol/L

Final Visit 7/348 {(2.0) 35/1674 (2.1) 37/741 (5.0) 20/ 1361 (1.5)

Maximum Value 12/348 (3.4) 77/1674 (4.6) 68/741 (9 .2) 38/ 1361 (2.8)
Calcium - Above 2.74 mmol /L

Final Visit 0/351 ({0.0) 2/1685 (0.1) 1/748 (0.1) 0/ 1365 (0.0)

Maximum Value 0/351 (0.0) 5/1685 (0.3) 2/748 (0.3) 0/1365 (0.0}
Inorganic Phosphorus - Above 1.61 mmol/L

Final Visit 1/340 (0.3) 7/1609 (0.4) 4/715 (0 .6) 8/ 1306 (0.6)

Maximum Value 2/340 (0.6) 32/1609 (2.0) 16/715 {2 .2) 34/ 1306 (2.6}

Figure 41: Sponsor’s Final Visit and Maximum Values Exceeding the High Midrange
Criteria for Combined Clinical Trials (Renal Function Tests and Electrolytes)
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- Eplerenone Co-Adm in Ac tive
Lab Test - High Midrange Criteria Plac ebo Monotherapy Therapy Comparators
Glucose - Above 8.9 mmol/L
-

Final visit 9/347 (2.6) 47/1641 (2.9) 32/708 (4.5) 42 /1306 (3.2)

Maximum Value 12/347 (3.5) 92/1641 (5.6) 53/708 (7.5) 74 /1306 (5.7)
Urine Glucose - Above TRACE

Final visit 1/343 (0.3) 19/1582 (1.2} 9/716 {1.3) 25 /1255 (2.0}

Maximum Value 1/343 (0.3) 36/1582 (2.3) 16/716 (2.2) 35 /1255 {2.8)
Triglycerides - Above 2.8 3 mmol/L

Final Visit 22/330 (6.7) 142/1577 {9.0) 68/685 (9.9) 75 /1282 (5.9}

Maximum Value 39/330(21.8) 276/1577(17.5) 127/685(18.5) 162 /1282(12.6)

Figure 42: Sponsor’s Final Visit and Maximum Values Exceeding the High Midrange

Criteria for Combined Clinical Trials (Glucose and Triglycerides)

The NDA also includes individual patient analyses of changes in laboratory values. The -
sponsor’s summary of the changes in all liver function tests for patients having an ALT
elevation greater than 3 times normal is shown in the figure below. Note that one patient
on eplerenone monotherapy also developed a bilirubin value 2.3 times normal and one
patient each on coadministration and long-term developed borderline high bilirubin

values (21). All patients were male, the patient on the long-term study was treated with
100 mg QD and had an elevated ALT at baseline and the other two patients were treated

with 200 mg QD.

APPEARS THIS WAY

ON ORIGINAL

Page 105




CLINICAL REVIEW

Clinical Review Section

AST/ ALT/ Total Alkaline
Study Patient Day SGOT SGPT Bilirubin Phosphatase
. {U/L) {U/L) (umol/L) (U/L)
Placebo Cases
049 | 2273 ] 3 | 97 1 263(6X) | 3 1 149(1.3X)
Eplerenone Monotherapy Cases
0186 026 85 232 (6X) 472 (10X) 50 (2.3X) 271 (2.4X)
87 83 276 (6X) 15 259 (2.3X)
99 20 45 15 164 (1.4X)
016 85 55 66 128 (3X) 8 109
016 400 198 178 (4X) 386 (8X) 9 136
018 131 43 197 (5X) 340 (7X) 3 64
47 68 210 (4X) 3 54
020 1130 113 124 (3X) 146 (4X) 7 91
131 105 (3X) 124 (3X) 5 95
021 2370 72 112 (3X) 128 (4X) 10 65
021 2266 30 99 140 (3X) 5 95
022 225 176 148 (4X) 128 (4X) 9 82
Eplerenone Coadministration Cases
015 674 29 100 209 {(4X) 21 280 (2.5X)
021 2609 57 42 102 (3X) 7 81
023 2207 28 54 136 (4X) 121
Eplerenone Long-Term Study Cases
025 37 50 50 130 (3X) 21 65
025 86 18 65 130 (3X) 10 88
025 455 16 54 143 (3X) 10 99
Active Comparator Cases
016 362 14 47 177 (4X) 12 56
019 161 118 84 122 (3X) 9 108
020 1324 113 64 155 (4X) 9 143 (1.3X)
021 2373 46 47 133 (3X) 17 162 (1.4X)
021 3047 71 166 (4X) 217 (6X) 12 355 (3.2X)
| 023 2113 55 523 (15X) 603 (17X) 15 155 (1.4X)

Source: Appendix 9.1 through 9.14
Includes Studies 010, 015, 016, 017, 018, 019, 020, 021, 022, 023, 024, 025, 026, and 049.
Data are expressed as actual values (X-fold elevation from upper limit of normal).
(Table 12.n)

Figure 43: Sponsor’s Liver Function Tests in Patients Who Developed an ALT/SGPT
Value at Least 3X the Upper Limit of Normal

The NDA also includes an extensive set of tables showing shifts in laboratory values
from baseline cross-tabulated by the prespecified mid-range and extreme values
described previously. These tables did not suggest any other potential problems that have
not been suggested by the previous analyses.

The sponsor’s summary of the laboratory value changes is the following:
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“e Mean changes from’ Baseline in eplerenone-treated patients were observed for
chemistry parameters, notably sodium, potassium, ALT/SGPT, GGT, creatinine, BUN,
triglycerides, and uric acid for which dose-related changes were also observed. These
changes were small and not clinically meaningful.

“s Changes in mid-range chemistry parameters in eplerenone-treated patients were
observed, notably for ALT/SGPT, uric acid, and sodium, without an apparent dose-
related change. The increase in mid-range triglycerides observed in eplerenone-treated
patients seems to have occurred mostly in patients with dyslipidemia at Baseline and in
patients with type 2 diabetes.

o Chaﬁges in mid-range potassium were observed and are discussed in detail in Section
12.3.1.”

The NDA provided additional analyses of two lab tests as topics of special interest:
potassium and uric acid. The most pertinent statements from the analyses of
hyperkalemia are the following:

“In Study 021, the incidence of elevated potassium associated with eplerenone
monotherapy was 31.2%. Among patients with diabetic nephropathy manifested by
microalbuminuria, an increased sensitivity to the effects of eplerenone on serum
potassium was noted, and the threshold for increased susceptibility to elevated potassium -
appeared to be a creatinine clearance of 100 mL/min. Diabetes itself, in the absence of
microalbuminuria or decreased creatinine clearance, did not predispose to elevated
potassium (Table 12.yy).

“In summary, elevated potassium may occur with eplerenone administration but the
incidence is low in hypertensive patients with normal renal function. Diabetics with
nephropathy and patients with decreased creatinine clearance are at increased risk for the
development of elevated potassium, particularly at the dose of 200 mg.”

The most pertinent statements from the analyses of hyperuricemia are the following:

* The changes in uric acid levels were small and not associated with clinical symptoms
(i.e., gout).

* There is no dose response for the incidence of hyperuricemia in the eplerenone
monotherapy treatment group.

» The incidence of composite hyperuricemia observed in the eplerenone coadministration
group was higher compared to the eplerenone monotherapy, placebo or active comparator
treatment groups. The incidence of laboratory-determined hyperuricemia was higher in
the eplerenone coadministration group when compared to eplerenone monotherapy.
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» The incidence of composite hyperuricemic events in the eplerenone monotherapy group
was similar to that observed in the placebo, HCTZ, spironolactone, losartan, and
amlodipine groups.

» There was an increased incidence of laboratory-based hyperuricemia criteria in the
eplerenone monotherapy group compared to the enalaprni group. A significant increase
in the composite hyperuricemia criteria and elevated uric acid values was observed in the
eplerenone/enalapril coadministration group compared to enalapril monotherapy. These
elevations appear to be derived primarily from Study 021, which evaluated diabetic
hypertensive patients.

1.6.2.2. Reviewer’s Analyses of Serum Chemistry
Liver Function

The reviewer had noted a possible slight, dose-related effect of eplerenone upon liver
enzymes in Study 010 (but not in Study 049 alone). The reviewer explored possible
differences in liver function tests in the combined controlled trials data sets by ANOVAs
with difference from baseline at final visit or maximum difference from baseline as
factors and dose or treatment group as covariates. The reviewer confirmed the
observation of the sponsor that eplerenone appears to produce slight, statistically-
significant, dose-related increases in ALT and GGT and has no detectable effect upon
other measures of liver function. The reviewer also examined the changes by gender and
found the differences by gender listed in the table below.

Table 34: Reviewer’s Mean Changes in Liver Function Tests from Baseline to Final
for Placebo-Controlled, Fixed-Dose Trials

- Bilirubin Alk phos AST

F M F M F M
0 -0.21 0.7 3.3/ -02] -03f 00 -09] 15 14 2.5
25 00 06 22/ 0.7] 03] -10f -01 02 2.1 1.4
50 -0.1] -0.1f 03] -08/ 00] -05 04 1.0/ 05 49
100 { 0.6{ -05{ 25/ -08) 05/ -02/ 08/ 11 33 4.1
200 02| -04{ 16/ -1.1 19/ 00/ 18] 04; 1.8 3.1
400 | -0.1] -0.5 3 -10f 16 19| 22 6 5 14.4
p* 0.16| 0.61| 0.34| 0.76{ 0.34] 0.23] 0.02] 0.002| 0.11| 0.0001
*P by ANOVA with continuous factor dose and covariate base value

Note the slight increases in ALT and GGT, with the increases in males greater than in
females.

Spironolactone did not show a similar pattern in effects upon liver function tests.
Spironolactone produced slight decreases in bilirubin and alkaline phosphatase with no
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statistically significant effects upon other liver enzymes. There did not appear to be any
differences in the changes by gender.

In all the combined controlled trials, eplerenone appears to have a similar effects upon
maximum change in liver function tests from baseline. The maximum changes in liver
function tests by treatment group are shown in the table below:

Table 35: Reviewer’s Mean Changes in Liver Function Tests from Baseline to
Maximum Value for Combined Controlled Trials

Group Bilirubin -Alk phos
™M F
Active . 2.3 8.5 R 5.0 4.8 6.2 . . .
Coadmin 1.5 2.1 5.2 7.7 4.1 6.8 54 9.2 7.0 14.3
Mono 12 2.0 7.1 74 44 55 5.1 10.0 5.8 13.6
Placebo 1.0 2.0 6.0 6.1 3.1 4.2 2.7 6.5 5.7 6.2
P* 0.002 0.3] <0.00 0.5/ 038! 0.02 0.13; 0.01 0.32 0.005
01 )

*P by ANOVA with continuous factor dose and covariate base vaiue

The changes in ALT and GGT in males in both the monotherapy and coadministration
groups in the table above are consistent with the changes from baseline to final. The
reviewer did not explore further the apparent differences in bilirubin and alkaline
phosphatase in females in the active control group.

Moderate elevations of ALT (>120 U/L) were slightly but not statistically significantly
more frequent in the eplerenone monotherapy and coadministration groups (0.7 and 0.6
percent compared to 0.4 percent for active control and 0.2 percent for placebo.) The
changes in ALT vary by the baseline ALT level. About 10.6 percent of the patients,
fairly evenly distributed among groups, had baseline ALT values greater than 40.
Patients with baseline ALT less than or equal to 40 developed extreme increases, i.e.,
greater than 120, infrequently—O0 percent for the placebo groups and 0.3-0.4 percent in
the active treatment groups. Patients with baseline ALT greater than 40 developed values
greater than 120 much more frequently—placebo 2.4 percent, active control 0.7 percent,
eplerenone monotherapy 4.0 percent, and coadministration 2.4 percent.

Elevations in bilirubin (>20 umol/L) were more frequent in the active treatment groups,
all about 5 percent, than in placebo (2.7 percent). Elevation of ALT greater than 120 U/L
and bilirubin greater than 20 umol/L occurred only in three patients treated with
eplerenone.

Reviewer’s comment: The summary of these analyses is that eplerenone appears to
produce a slight, dose-related increase in ALT and GGT. The increases appear to be
greater in males. Being dose-related, the effects were greatest at the highest dose (400
mg/day) used in the initial trial but abandoned because of frequency of hyperkalemia.
Significant elevations of liver function tests appear to be rare and not different than active
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controls. The possible hepatic adverse events are discussed below in the Review of
Systems section.

Renal Func;tion

Eplerenone produced small increases in mean serum creatinine, BUN, potassium, and
uric acid values from baseline to final visit and small decreases in mean serum sodium
values. The increases were slightly greater for males than for females. At the dosages
used these changes were less than the corresponding effects of spironolactone or
hydrochlorothiazide (with hydrochlorothiazide producing decreases in serum potassium
levels.) The mean changes from baseline to final visit for these tests by treatment group
are shown in the table below. As the NDA notes, these changes are statistically
significant and dose related but small and, with the exception of potassium and possibly
uric acid, probably not clinically significant.

Table 36: Reviewer’s Mean Changes in Renal Related Tests from Baseline to Final

Group Creatinine BUN Sodium Potassium Calcium Uric acid
umol/L  mmolL. mmol/lL wmmol/l. wmmol/L  pmol/L
ACEl 3.68 0.33 0.17 0.06 0.07 -0.21
ARB 2.44 0.13 -0.17 0.03 0.04 0.80
BB -0.51 0.07 -0.22 0.03 0.02 -8.33
CCB 1.79 0.06 0.03 -0.02] 0.04 -5.75
Coadmin 4.64 0.48 -0.92 0.06 0.04 33.29
HCTZ 2.64 0.56 -0.81 -0.16 0.02 41.19
Monotherapy 2.82 0.46 -0.53 0.12 0.05 15.34
Open label 2.82 0.44 0.21 0.15 0.08 9.49
Placebo 0.14 0.03 -0.21 -0.04 0.03 5.36
SL 10.21 1.38 -2.04 0.53 0.06 23.71

ACEI = ACE inhibitor (mainly enalapril); ARB = angiotensin receptor blocker (mainly losartan); BB
= beta blocker; CCB = calcium channel blocker (mainly amiodipine); HCTZ = hydrochlorothiazide;
SL = spironolactone

Hyperkalemia, defined for the following discussion as a maximum potassium value of
greater than 5.5, appears to be clinically significant in some circumstances. For all
patients treated with eplerenone 400 mg the rate was about 7.8 percent while for lower
dosages it was ! percent or less. The sponsor has stated that hyperkalemia was the reason
for abandoning the 400 mg dosage.. For patients with mild renal insufficiency, defined
as a baseline creatinine greater than 106 umol/L or 1.2 mg/dL, the rate is 37 percent with
combined therapy, 27 percent with an ACE inhibitor alone, and 8 percent with
eplerenone alone. However, in Study 021 in diabetics with microalbuminuria, the rates
were high for both monotherapy and combination therapy (33 and 39 percent) and
somewhat lower for an ACE inhibitor alone (17 percent). The rate was high (29 percent)
in Study 021 for eplerenone monotherapy even when the baseline creatinine was normal
(<1.0 mg/dL).
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Other Tests -

The other tests that showed minor differences from baseline to final in the sponsor’s
analyses were ghucose and triglycerides. The reviewer’s analyses did not find any other
chemistry tests upon which eplerenone treatment seemed to have an effect. The mean
changes from baseline to final in glucose and triglycerides are shown in the table below.
The effects of eplerenone upon glucose appear to be lower than that of
hydrochlorothiazide and spironolactone; the effects of eplerenone upon triglycerides are
similar to those of hydrochlorothiazide. The increases with eplerenone were slightly
greater in males than females.

Table 37: Reviewer’s Mean Changes in Glucose and Triglycerides from Baseline to
Final '

Group Glucose Triglycerides

mmol/L mmol/L

Active 0.12 0.05
Coadmin 0.09 0.25
HCTZ 042 0.13
Monotherapy 0.1 0.18
Open label 0.24 0.15
Placebo -0.02 0.05
SL 0.30 0.06

HCTZ = hydrochlorothiazide; SL = spironolactone

1.6.3. Urinalysis

The NDA presented urinalysis values similarly to the laboratory test values, with
extensive tabulations of mean changes from baseline, high mid-range values and shifts
from baseline. The one noteworthy finding, a greater incidence of urine glucose readings
above trace for eplerenone and active control groups compared to placebo, is shown in a
previous figure. No other clinically significant differences were observed.

1.6.4. Hormones

A variety of hormone levels were assessed in some of the trials. Changes in renin-
angiotensin system hormones, i.e., aldosterone and renin, are considered in the Integrated
Summary of Efficacy. The sponsor’s first table in Section 9.4. Hormones of the ISS
summarizing the other hormone changes, for the placebo-controlled, fixed-dose
monotherapy trials, is shown below:
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Epierenone
Laboratory Test Placebo 25mg 50 mg 100 mg 200 mg 400 mg
{unit) .. (N=184) {N=97) {N=245) {N=193) {N=139) {N=104)
Estragiot (pg/mL} | 356 (6.9) N/A NAY 397 (1.5} 368 (7.9) N/A N/A 370 (09
FSH (1UL) 219  (0.4) N/A NA] 147 {0.0} 178 (0.0} N/A NA] 230 (1.3)

Luteinizing hormone | 120 (-0.3)] NA NnNal 87 o] 96 1oy N NA| 120 (14)
(lun)
Thyroxine (nmoliLy | 954 (-0.3)] 993 (16| 943 (16| 940 (0.2)] 1 (1n] 904 (14

TSH (mJil} 1.79 {0.16) 193 (-0.18)] 2.26 (-0.06) 179 (003 164 (027) 193 (0.31)
T3RU 0.359 (0.004}] 0.354 (-0.001)] 0.353 {0.007)] 0.359 (0.001)] 0.355 (0.001) N/A N/A
Total testosterone 2778 (L.7) NA N/A] 3240 (3.5)] 308.2 (1.6) N/A NA} 3277 12.1
{ng/cl)
Free testosterone 71.33 {2.98) N/A N/A) 78.23 (3.78)] 80.04 (0.58) N/A NA] 8429 (407)
{pg/mL)

Dihydrote§tosterone 257 (-0.8) N/A N/A| 288 {-1.6} 270 (16) N/A N/A 283 {0.5)
{ng/ci)

Source: Tane T11.2.2.

Incluces Stucies 010. 015, and 049.

Data are expressed as mean Baseline (mean thange to final visit).
N/A=not applicable

(Table 9.bbb)

Figure 44: Sponsor's Mean Baseline and Mean Changes From Baseline to the Final Visit
in Hormone Values: Placebo-Controlled, Fixed-Dose Monotherapy Trials

The figure above is somewhat misleading. The Ns in the column headings give the total
number of patients in the trials, not the numbers of patients with hormone assessments.
While Study 015 is a placebo-controlled, fixed-dose monotherapy trial and is listed in the
footnote of table below, it does not contribute any hormone data to the figure. Study 049
contributes only to the thyroid hormone statistics. The sex hormone changes are from
Study 010 alone. The NDA does caution about this difference between Ns and hormone
assessments in the first paragraph of Section 9.4.

Changes in cortisol were assessed in some trials. The sponsor’s analysis of changes in
cortisol levels from Study 020 is shown in the figure below.

Eplerenone
----------- Placebo -----c--n- --~=--~--- Monotherapy --------
Baseline ---- Mean --- Baseline ---- Mean ---
Visit n Mean Change |stderr n Mean Change |stderr
Serum Cortisol (nmol/L)
Week 16 129 334.90 -14.50)13.232 145 331.93 -15.66] 9.660
Final 129 334.90 -14.50]13.232 145 331.93 -15.28] 9.672

(From Table T11.2.1)

Figure 45: Sponsor’s Change in Serum Cortisol from Baseline in Placebo-Controlled
Monotherapy Trials
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The sponsor-also compared differences in some hormone levels between eplerenone and
active controls. A significant difference for mean change from baseline to the final visit
for cortisol was observed between the eplerenone and spironolactone treatment groups (-
3.16 nmol/L and 51.62 nmol/L, respectively). Otherwise hormone levels were
comparable.

The sponsor’s summary of these hormone changes is the following: “There were no
clinically significant changes in thyroid and sex hormone or cortisol values for
eplerenone-treated patients.” However, the sponsor’s ISS in the NDA does not include
any analyses of hormones, in particular sex hormones, by gender. A summary of the
reviewer’s analyses by gender are given below.

Study 010 included the most extensive assessment of sex hormones, including free and
total testosterone and dihydrotestosterone, estradiol, FSH, and LH. Study 018 included a
“sex profile” consisting of estradiol, total testosterone, and LH. However, Study 018 was
not placebo-controlled and included only patients with hyperaldosteronism, so it is not
useful for estimating effects upon sex hormones in the general population. The reviewer
examined changes in sex hormone levels by gender for Study 010. The results are
presented in Appendix B.1 and summarized below.

Table 38: Reviewer’s Mean Changes in LH Levels from Baseline to Final for Study
010 .

Group Male Female
Change Change P
0 0.2 -1.0
50 0.1 0.6
100 03] 0% 23] 008
400 0.6 2.7
SL 1.4 0.009 -0.1] 0.66

SL = spironolactone; P by ANOVA

Table 39: Reviewer’s Mean Changes in FSH Levels from Baseline to Final for Study
010

Group Male Female

. Change P Change 4
0 0.2 0.6
50 0.001 -0.4
100 0z 0008 02| 002
400 - 0.4 4.6
SL __-0.3] 0.045 -3.1] 0.43

SL = spironolactone; P by ANOVA
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Final for Study 010
0 -2.0 0.4
50 -2.2 0.1
100 1.6 0.03 1.5 0.14
400 1.8 -4.1
SL -2.9 0.5 -0.8f 0.3

SL = spironolactone; P by ANOVA

The sex hormone results are suggestive that eplerenone has a small effect upon pituitary
sex hormones. In males the effects are a small decrease in FSH, a small increase in
dihydrotestosterone, and possibly a small increase in LH. The effects in females are less
clear because of the smaller numbers, particularly for spironolactone. The clinical
significance of any of these small changes depends upon whether any important side
effects, such as impotence, gynecomastia, breast pain, or menstrual disorders, result.

The reviewer found the following changes in TSH levels for males in Studies 010 and

049:

Table 41: Reviewer’s Mean Changes in TSH Levels from Baseline to Final in Study

010
Group Male Female
Change P Change P
0 -0.02 0.3
50 0.09 -0.6
100 0.03 0.02 -0.2 0.83
400 0.36 0.2
SL -0.16 0.57 041 0.23

SL = spironolactone; P by ANOVA

Table 42: Reviewer’s Mean Changes in TSH Levels from Baseline to Final for Study

049

Female

Change

P

0 0.07 0.36
25 0.004 -0.48
50 0.07] 0.03 -0.14| 0.46
100 0.13 0.06
200 0.27 0.26
P by ANOVA
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Thyroxin and T3 resin update levels did not differ significantly between the eplerenone
and placebo groups. The changes in TSH levels for males between the two studies is
remarkably consjstent. TSH levels were also evaluated in Study 017. In Study 017 the
changes in TSH levels for males for any use of eplerenone compared to no use of
eplerenone were not significant, although the mean change for males was again positive.
If the data from all three studies are combined, assigning an eplerenone dose of 0 to both
placebo and active control groups except spironolactone, and changes in TSH levels are
evaluated by ANOVA, dose is a highly significant factor overall (p=0.005) and for males
(p = 0.0008) but not for females (p = 0.57). However, gender is not a significant factor in
a ANOVA including dose, base value, and gender as factors.

However, note that the greatest increases from baseline in the tables above were recorded
for placebo-treated females. The mean changes from baseline for eplerenone vs. placebo
in Studies 010 and 049 are listed in the table below:

Table 43: Reviewer’s Mean Changes from Baseline in TSH from Studies 010 and
049

Female Male Total
Mean N Mean N Mean N
Placebo 0.34 651 -0.02 115 0.11 180
Eplerenone -0.07 227 0.15 368 0.06 595
Total 0.02 292 0.11 483 0.07 775

The mean value at baseline for TSH was 1.87. The maximum mean increase from
baseline, in the eplerenone 400 mg group for males, was 0.36, or a relative increase of
about 19 percent.

The reviewer also examined outliers and shifts of TSH values from baseline. Thirty-nine
patients had TSH levels greater than 5.0 at baseline and 15 patients had levels greater
than 10.0 at baseline; 40 patients had TSH levels greater than 5.0 at the final visit and 15
patients had levels greater than 10.0 at the final visit. The higher values were slightly
more common in the eplerenone groups at baseline and slightly less at the final visit.
Shifts from <= 5.0 to > 5.0 were most frequent among placebo-treated females (5.2
percent), less common among eplerenone-treated females (1.8 percent), infrequent among
eplerenone-treated males (0.64 percent), and not found with placebo-treated males. Rates
of borderline high TSH values at baseline and final visit are summarized in the table
below. There do not appear to be differences among the groups.

Table 44: Reviewer’s Rates of High TSH Values at Baseline and Final Visits

Active Both 4l 0.0% 0.0% 2.8% 0.0%
Active F 27 0.0% 0.0% 7.4% 0.0%
Active M 44 0.0% 0.0% 0.0% 0.0%
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Group Gender N . Baseline Final

>5 >10 >5 >10
Coadmin - Both 67 1.5% 0.0% 3.0% 0.0%
Coadmin F 22 4.5% 0.0% 4.5% 0.0%
Coadmin M 45 0.0% 0.0% 2.2% 0.0%
Monotherapy Both 686 3.9% 1.3% 3.5% 1.2%
Monotherapy F 264 4.9% 2.7% 5.3% 1.5%
Monotherapy M 422 3.3% 0.5% 2.4% 0.9%
Placebo Both 143 2.8% 0.0% 4.2% 0.7%
Placebo F 58 5.2% 0.0% 10.3% 1.7%
Placebo M 85 12%| *®0.0% 0.0%| 0.0%
Spironolactone Both 48 6.3% 4.2% 4.2% 4.2%
Spironolactone F 12 0.0% 0.0% 0.0% 0.0%
Spironolactone M 36 8.3% 5.6% 5.6% 5.6%

Overall the reviewer interpreted these findings as suggestive that eplerenone produces
slight increases in TSH levels of uncertain clinical significance. Whether this effect
varies by gender or whether the apparent differences represent random subgroup
variations is not clear, although the consistency between Study 010 and Study 049 is
suggestive of a gender effect. Please see the Review of Systems section below for a
description of possibly related adverse events and further discussion.

1.6.5. Fibrinolytic System

The renin-angiotensin system appears to play a role in regulating fibrinolysis as
summarized in Section LE.5 of this review. Measures of activity of the fibrinolytic
system, plasminogen activator inhibitor-1 (PAI-1) or tissue plasminogen activator (t-PA),
were measured in five studies. Both factors were measured in Studies 017, 021, and 022,
and PAI-1 alone was measured in Studies 016 and 026. Units for all measurements were
ng/ml except for Study 016, for which the PAI units were U/ml with a normal range of 1
to 14.99. Baseline values were mean 31.2 and median 24.5 ng/ml and mean 13.9 and
median 10.5 U/l for PAI-1 and mean 12.4 and median 11.5 ng/mi for t-PA. None of
these studies was placebo-controlled. Because HCTZ and amlodipine could be added to
the treatment regimen after 8 weeks in Studies 017 and 021, only the values at 8 weeks
for those studies are analyzed here.

Median changes in PAI-1 levels with eplerenone were positive for all studies, ranging
from 2 to 20 percent. t-PA also showed median increases with eplerenone ranging from 1
to 19 percent. Changes with enalapril were varied for both factors, ranging from —11 to
14 percent for PAI-1 and from -1 to 4 percent for t-PA. Changes in PAI-1 with
amlodipine were —2 and +6 percent.

If all studies that used the ng/ml units are combined, then the changes are shown in the
tables below.
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Table 45: Ciianges from Baseline in PAI-1 in Studies 017, 021, 022, and 026

Treatment Mean Median Median %

amlodipine . . - -06 0.5 2.3%
eplerenone 29 3.1 13.0%
enalapril 37 -2.7 -9.6%
combined -1.8 0.2 0.7%

combined = eplerenone + enalapril

Table 46: Changes from Baseline in t-PA in Studies 017, 021, and 022

Treatment Mean Median Median %

Amilodipine -0.4 -0.4 ~3.7%
Eplerenone 0.5 0.5 4.8%
Enalapril 0.8 0.5 4.5%
Combined 1.5 0.5 4.0%

combined = eplerenone + enalapril

Of the changes in the table above, only the PAI-1 change with eplerenone is significant (p
= 0.01) by the signed ranks test. In Study 016 eplerenone produced about a 19 percent
median increase in PAI-] from baseline but enalapril produced about a 14 percent
increase. Both of these changes are highly statistically significant.

Reviewer’s comment: The results suggest that eplerenone alone produces a modest
increase in PAI-1 and possibly a slight increase in t-PA. While the clinical significance
of such changes is unclear, they do suggest a potential mechanism to explain any
thrombotic adverse events with eplerenone.

1.7.  Vital Signs

Changes in heart rate in the trials were small and not clinically significant. In the

- combined controlled trials, the mean heart rate change from baseline to final was +0.3 for

the placebo groups, +0.4 for the eplerenone monotherapy groups, +0.2 for the
coadministration groups, and +0.5 for the active control groups. The incidence of
extreme heart rates was also similar across these treatment groups. The sponsor defined
extreme heart rates-as a 25 percent or greater deviation from baseline. The incidence of
low extreme heart rate values was 1.6% in the placebo group, 1.0% in the eplerenone
monotherapy group, 1.0% in the eplerenone coadministration therapy group, and 1.3% in
the active comparator group. The incidence of high extreme heart rate values was 4.5%
in the placebo group, 3.6% in the eplerenone monotherapy group, 3.0% in the eplerenone
coadministration therapy group, and 3.9% in the active comparator group.

Body weight was collected at baseline and the final visit in Studies 010, 015, and 049 and

every two to three weeks in Study 021. Study 021 was conducted in type 2 diabetic
patients with microalbuminuria. The mean changes were a slight weight loss in the
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groups treated with eplerenone (-0.6 kg for monotherapy and 0.7 kg for
coadministration) and a slight weight gain for enalapril alone (+0.5 kg). No significant
differences were observed between the eplerenone and eplerenone/enalapril treatment
groups or betwéen the enalapril and eplerenone/enalapril treatment groups for the
incidence of extreme low or high body weight values defined as a change of greater than
5 percent from baseline. Mean changes from baseline to the final visit in body weight for
Studies 010, 015, and 049 showed no clinically important differences among the placebo,
eplerenone monotherapy, eplerenone coadministration therapy, and active comparator
treatment groups. The changes in body weight observed in each group were small
(range: -1.21 t0 0.97). Analyses of extreme body weight values for Studies 010, 015, and
049 showed no clear trends among the treatment groups.

Reviewer’s comment: Eplerenone does not appear to have clinically significant effects
upon heart rate or body weight.

1.8. ECGs

The approach to monitoring ECGs was fairly uniform among the studies. Twelve-lead
ECGs were required by protocol to be performed at screening or prior to randomization
and at the final visit. (Some studies required ECGs at other times as well.) Many studies
included the following inclusion criterion: “The patient had an ECG without clinically
significant arrhythmia requiring treatment.” The investigator was to interpret the ECGs
and classify them as normal, abnormal not clinically significant, or abnormal clinically
significant. The investigator also judged whether any ECG changes were adverse events.

The sponsor’s summary of the ECG changes from baseline to final for all trials shown in
the figure below.
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NCS = Not Clinically Significant; CS = Clinically Significant (as judged by investigator)

Figure 46: Sponsor's Changes in ECGs from Baseline for All Trials

While the results above do not suggest any detrimental effects of eplerenone upon ECGs,
they have some limitations. Note that information on baseline ECGs is lacking for 78
percent of cases. The investigator’s unguided classification of ECGs into three categories

Page 118

Ad0J 31415S0d 1534



CLINICAL REVIEW

Clinical Review Section
would be expected to be highly variable. It is also not revealing as to the specific nature
of the effects.

The sponsor’s ¢ther tabulations of the resting 12-lead ECGs from the clinical trials are
also not revealing. The sponsor provided two other types of analyses that are more
informative: (1) detailed analyses of the ECG data from the phase I studies, including
effects upon ECG intervals such as QTc; (2) detailed analyses of 24-hour Holter
monitoring done in association with Study 026. These results are summarized below.

The five pharmacokinetic trials provided ECG data from 147 subjects (110 males and 37
females). The first trial (Study 001) was an active- and placebo-controlled, parallel-
group, single rising dose tolerance study that evaluated eplerenone from 10 to 1000 mg
compared to placebo and spironolactone. The other four trials were all multiple-dose,
steady-state drug interaction studies that used cross-over designs. ECGs collected in the
cisapride (Study 038) and erythromycin (Study 042) studies were each evaluated due to
the common metabolic pathway shared with eplerenone, principally via the CYP3A4
isozyme. ECGs collected in the studies of digoxin, a cardiac glycoside (Study 007), and
verapamil, a potent calcium channel blocker (Study 031), were evaluated due to their )
known affects on cardiac electrophysiology. More detail on these studies is provided in
the figure below.

APPEARS TH!IS WAY
ON ORIGINAL

APPEARS THIS WAY
ON ORIGINAL
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EE3-01-06-001 (16)
Single dose toierability

randomized, piacebo-controiled. single-dose
paraliel-group

[Protocol No.: - Study Design: Treatment

Report No.:* No Randomized (N [Completed])
Short title: Study Populiation Treatment Duration
EE3-96-C2-0C1 Phase I. single center. goudie-oind., Eperenone QO

10mg (N=8{8)
50 mg (N = 8][8})
100 mg (N = B [8])

Digox:n Irteraction PK
Study

Healthy young adults

12 females/12 males
Aged 1910 45 years

and PK study Heailthy aduht males 300 mg(N=9(8))
1000 mg (N = 8 {8])
N =57 Spironotactone QD
Aged 19 to 49 years 50mg (N =81(8)
Piacebo QD
(N=38(a)
Single Dose
NE3-99-02-007 Single-center, open-label. rancomized Epierenone OO0
NE 3-01-06-007 (17) mult:ipie-dose, three-period crossover 100 mg (N = 24 [24))

Digoxin QD

200 ug (N = 24 [24)}
Epiererone QD plus Digoxin

100 mg /200 pg (N = 24 [24])

10 days for each trsatment period:
treatment periods were separated by a
10-day washout penod

NE3-00-02-031
NE3-01-06-031 (18}

Verapami! HC! interacticn
PK Study

Single-center, open-label. rancomized,
mult:pie~dose. three-period crossover

Healthy young aduts
N = 24°

9 fernales/15 males
Aged 1910 44 years

Epierenone QD
100 mg (N = 24 [24])

Verapamil QD
240 mg (N = 24 [24])

Epierenone QD plus Verapami Q0
100 mg/240 mg {N = 24 [24])

7 days for each treatment period. each
pericd separated by a one-gday washoul
pearicd

NE3-99-02-038
NE3-01-06-038 (19)

Cisapride interaction PK
study

Single- center open-label, randsmized,
mult:pie-dose, six-sequence, three-period
crossover study.

Healthy young adu'ts
N = 18*

10 fermailes/8 males
Aged 20 10 44 years

Epiererone QD
100 mg (N = 18[18})

Cisapride BID/QD
20mg (N = 18 [18})"

Epterenone QD plus Cisapride BID!QD
100 mg/20 mg (N = 18 [18))"

6 days for each treatment period

“QD dosing on Day 6 of each treatment
pericd; treatmen? periods were separated
by a two-day washoul pericd

NE3-00-02-042
NE3-01-06-042 (20}

Erythromycin interaction
PK study

Single~center, single-bing. randomized.
multipie-dose. six-sequence. three-period
crossover Study.

Healthy young adults
N =24

6 femaies/18 males
Aged 21 to 44 years

Epierenone QD
100 mg (N = 24 [24)])

Erythromycin QD
500 mg QD (N = 24 [24))

Epiererone QD plus Erythromycin BID
100 mg/500 mg (N = 24 [24])

7 days for each treatment period.
treatment periods were separated by a
one-day washout period.

Figure 47: Sponsor’s Summary of PK Studies with ECG Data
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Study 001 did not show any clinically significant changes in any ECG parameters. No
particular pattern of change in ECG parameters was noted with increasing eplerenone
dose. The mean change from baseline in ECG parameters is shown in the figure below.

Mean change from baseline between 30 msec and 60 msec in QTC intervals was

observed in one subject while on eplerenone 10 mg and one subject while on eplerenone
50 mg group.

In Study 007, the 10-day digoxin interaction study, all groups showed a significant
decrease in heart rate at day 10. For eplerenone 100 mg QD, the mean decrease was -3.5

bpm. QTc using Bazett’s formula also decreased significantly, -8.2 msec for the

eplerenone group. In Study 031, single dose with verapamil, all groups also showed a
significant decrease in heart rate, -6.32 for eplerenone 100 mg. Verapamil showed the
expected effect of prolongation of the PR interval; eplerenone did not show such an
effect. In Study 038, the 6-7 day cisapride interaction study, all groups showed an
increase in heart rate, +6.72 for eplerenone 100 mg QD. Cisapride showed a slight
increase in QTc. The sponsor’s summary of the results from Study 038 are shown in the

figure below.
Placebo Eplerenone Spiron
Parameter 10 mg 50 mg 100 mg 300 mg 1000 mg 50 mg
N=8 N=8 Nz8 N=8 N=9 N=8 N=z8
HR {20m) -1.792223 | -596:065"° | 071150 | 1.3321.33 204 % 0.25+235 | 6.04 350
2.54
PR (msec) 0462420 | 0422254 | 4204530 | 433= 122t [ 0752246 | =400=
3.14 379 581
ORS (msec) 400=205 0.71£2.14 079+ 017 = 067+098 | 008+1.68 | 3212191
1.62 202
QT {msec; -396=784 | 9544303 2472 -14.25 2 -3t -7.621 617 =
. 7.38 6.57 522 594 5.27
OTc" (msec) 81322531 3122374 0.37= -10.79 = 707+ 713 -1788¢
| 434 5.24° 3.29 2.48° 654"
QTc’ (msec) -10.04 ¢ 8832425 0882 908 8632 7041 237+
2.00" 346 5.15 465 304 921"
MaxQTc" 1382340 | 10631642 | 6631589 243 -0.33¢ 025+ -12.75¢
imgacl 5.54 411 293 5.96
MaxQTc?* 2632204 5884742 10.00 = 0.255.68 -0.221 400:404 | -1438%
imsec!” 5.11 584 9.12

Source: Final Report NE3-01-07-823. Appendix 1. Table 4

a indicates statistically significam difference in mean change from Baseline across treatments

b indicates statisticatly significant change from Baseline, p < 0.05
¢ calculated using Fridericia’s formula

d calculated using Bazett's formufa
MAX=mean maximum change from Baseline

Figure 48: Sponsor’s Mean Change in Baseline for ECG Parameters for Study 038
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Parameter Cisapride Eplerenone Cisapride 20 mg BID/QD +
“20 mg BID/QD 100 mg QD Eplerenone 100 mg QD P-Value'
mean 1+ SEM mean + SEM mean + SEM
N=18 N =18 N=18
| HR (bpm) 6.82 + 0.99" 6.72 = 1.05" 9.32+1.40° 0.008
PR (msec) -569+180° -0.33-1.69 401-239 0.000
QRS (msec) -0.11+0.78 0.14 = 0.86 -0.38:0.78 NS
QT {msec) -12.81+248° -22.65 = 2.79' -15.15+3.36° 0.001
QTc® (msec) 1.16+1.76 -9.15=1.43 3.70+1.83 <0.001
QTc” (msec) - 8.14+2.23" -233=1.58" 13.29+231° <0.001
MaxQTc* (msec) 7.78+2.23 -5.83 = 1.93 6.17 + 1.81 <0.001
MaxQTc® (msec) 18.50 + 347" 1.83 = 2.50 17.56 + 3.41 <0.001

Source: Finai Report NE3-01-07-823. Appendix 4, Table 4
a P-values < 0 05 indicates statistically significant difference in mean change from Baseline across treatments
b indicates statistically significant change from Baseline. p <0.05
¢ caiculated using Fridericia’s formula
d calcuiated using Bazett's formula

MAX=mean maximum change from Baseline
NS - not statistically significant across treatments

Figure 49: Sponsor’s Mean Change in Baseline for ECG Parameters for Study 038

In Study 042, the erythromycin interaction study, each drug, when administered

individually, resulted in a minor mean decrease in heart rate, though no such change was
noted when the drugs were coadministered. When corrected for heart rate using either
the Fridericia or Bazett method, the mean changes in QTc interval length indicated that

v

neither erythromycin nor eplerenone had an effect on cardiac repolarization.

The sponsor’s summary of the results of these studies is the following: “The results of the
ECG analyses were uniform across the five studies and indicated that there was no effect
of eplerenone on any of the analyzed ECG parameters, most notably the QTc interval. ...
the results of the studies suggest that eplerenone is devoid of ECG effects and does not
indicate safety concerns in regard to cardiac repolarization effects.”

Study 026 evaluated the effects of eplerenone versus amlodipine on ventricular
repolarization and its associations with heart rate in patients with mild to moderate
hypertension. Of the 179 patients randomized into this study, a total of 131 patients (58
eplerenone and 73 amlodipine) had two valid Holter recordings at the beginning of the
single-blind placebo run-in period (Holter Baseline) and at Week 12 (Holter post-
Baseline). QT- and RR-interval duration was measured in a total of 19827 complexes.

The sponsor’s summary of the effects upon ECG parameters is the following:

“e There was no difference in the mean change from Baseline for the QT interval between
eplerenone and amlodipine.

Page 122



CLINICAL REVIEW

e a8

Clinical Review Section

» Within the eplerenone group, no change from Baseline was observed for the QT, QTcB,
QTcF, QTcr or RR-interval.

« No clinical meaningful mean change from Baseline in outliers in QT and QTcB and no
clinical meaningful incidence of outliers in QTcB could be observed.”

A tabulation of the effects on ECF parameters from these Holter data is shown in the
figure below.

Variable Eplerenone Amiodipine
Timepoint Ohr [msec] |1.5hr [msec]| 3hr [msec] | Ohr [msec] [1.5hr [msec]| 3hr [msec]
AQT [msec] 4.2 -7.1 -8.8* ‘41 6.2 -7.8*
95% ClI {-2.5,10.5) (-14.8,0.5) | (-16.0.-1.6) (-1.6,9.9) (-13.3.09) | (-14.5.-1.2)
ARR [msec] 119 -33.7 -38.5% 33.6" -29.1 -33.4°
AQTcB [msec) 1.3 1.8 0.1 4.0 1.0 0.1
95% Cl (4.3.6.8) (-2.4,6.0) (-4.5.4.6) {-9.1,1.1) (-2.9.4.9) (4.2.4.1)
AQTcF [msec) 23 -1.5 -3.2 -1.0 -1.7 -2.8
95% Ci (-2.2.6.9) {-5.6,2.6) {-7.3.0.9) (-5.1.3.2) (-5.5,2.1) (-6.6,0.9)
AQTer [msec] -3.2 4.8 1.9 1.0 -1.1 -2.8
95% ClI (-10.7.6.0} (-129.3.2) | (-7.6.11.5} (-6.6,8.6) (-8.6.6.4) {-11.7.6.0)

Source: Study 026
* Significant at the 5% level

Figure 50: Sponsor’s Changes in ECG Parameters from Holter Data in Study 026

Study 026 also included arrhythmia analyses using the Holter data. The results are

tabulated below. There were no significant differences between the amlodipine and
eplerenone groups.

APPEARS THIS WAY
ON ORIGINAL
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Eplerenone Amlodipine
Arrhythmia 50-200 mg QD 2.5-10 mg QD
No. treated 58 73
Any arrhythmia 19 (32.8) 26 (35.6)
Isclated VE's showing the R and T phenomenon 0 (0.0) 1 (1.4)
Atrial fibrillation or flutter 2 (3.4) 1 (1.4)
Ventricular tachycardia regardless of rate (defined as 3 {5.2) 6 (8.2)
three ectopic beats in a row)
Presence of IVCD or Bundle Branch Block 9 (15.5) 6 (8.2)
Transient or fixed 2" degree or 3™ degree AV block 1 (1.7 0 (0.0)
Ventricular asystole or sinus pauses greater than or 1 (1.7) 3 (4.1)
equal to 2.0 seconds
Any SVT at a rate of 180 bpm or greater; or 10 or 10 (17.2) 9 (12.3)
more beats in a row
Multiform or uniform ventricular ectopics greater than 1 (1.7) 7 (9.6)

100/hour in any hour

Source: Tab:ie T18.
Incluces Stucy 026.

Data are expressed as N (% of patients) except for No. treated.

Note: No significant differences were observed between the treatment groups.

Figure 51: Sponsor’s Arrhythmia Analysis (Study 026)

The reviewer also examined the reports of ECG abnormalities classified as adverse
events. Such ECG AEs were infrequent and not more common in the eplerenone groups.
They typically were ST or T wave abnormalities suggestive of ischemia or ventricular

strain. Note that frank arrhythmias or severe ischemic changes, i.e., unstable angina or

myocardial infarction, were coded to the more specific AE categories.

Reviewer’s comment: The ECG data do not indicate that eplerenone has a significant
effect upon ventricular repolarization or other ECG parameters. The one limitation is that
the ECGs on the vast majority of patients in the clinical trials were minimally reported

and provide little useful information.

1.9.  Special Studies

Effects of eplerenone upon sex hormones are discussed in the laboratory values section.
Effects of eplerenone on renin-angiotensin systems hormones are discussed in the
secondary efficacy sections. Eplerenone was used with other antihypertensive
medications in many studies, and the toxicities of the combinations are summarized here.
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Hydrochlorothiazide (HCTZ)

Study 015, a dose ranging factorial study of eplerenone and HCTZ, is the only study with
defined eplerenone-HCTZ arms. HCTZ add-on to control BP was specified in three trials
(019, 017, and 021) and permitted in Study 025. Study 015 had arms crossing eplerenone
dosages of 25, 50, and 200 mg with HCTZ 12.5 and 25 mg as well as monotherapy and
placebo arms. The combinations of eplerenone and HCTZ were well-tolerated in this
study. Nausea led to withdrawal in four and vomiting was reported in two combination
arm patients, but otherwise the AEs were similar between all active treatrnent arms.
Hyperkalemia was not a clinical problem in this study. The combinations produced small
decreases in mean potassium levels as opposed to the increases seen with eplerenone
monotherapy. The potassium changes are shown in the figure below.
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pstatistically significantly different from placebo (p < 0.001).
e~ statistically significantly different from corresponding eplerenone monotherapy (p < 0.019).
h=statistically sigmficantly different from corresponding HC'TZ monotherapy (p < 0.017).
E-eplerenone. HCTZ-hydrochlorothiazide

(Figure 10.a)

Figure 52: Sponsor’s Adjusted Mean Change from Baseline to the
Final Visit in Serum Potassium
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B Blockers (BBs)

Eplerenone titrated 50-100 mg was added for eight weeks to a BB in 135 patients not
completely controlled on their usual dosages of unspecified BBs in Study 024. The
combination was very well tolerated with similar AE rates between the two arms. The
most common AEs were headache (7.6 percent placebo, 2.9 percent eplerenone),
influenza-like symptoms (6.1 percent placebo, 0.0 percent eplerenone), and hyperkalemia
(0 percent placebo, 5.8 percent eplerenone). One eplerenone patient was prematurely
discontinued from the study due to an adverse event of hyperkalemia (5.7 mmol/L) that
occurred after 17 days of treatment. Three other eplerenone patients also experienced
hyperkalemia.

Calcium Channel Blockers (CCBs)

Eplerenone titrated 50-100 mg was also added for eight weeks to a CCB in 137 patients
not completely controlled on their usual dosages of unspecified CCBs in Study 024.

Total AEs were slightly more common with the addition of eplerenone (27.1 vs 22.4
percent). The most common AEs headache (3.0 percent placebo, 7.1 percent eplerenone)
and nausea (0 percent placebo, 5.7 percent eplerenone). There were no hyperkalemia
AEs. Four (5.7 percent) eplerenone patients were prematurely withdrawn from the study
due to at least one treatment-emergent adverse event. The AEs were varied (aortic
aneurysm, heart failure, scotoma, fatigue/dizziness). The combination of eplerenone with
a CCB appears to be well tolerated overall.

ACE Inhibitors (ACEIs)

Eplerenone titrated 50-100 mg was added for eight weeks to an ACEI in 177 patients not
completely controlled on their usual dosages of unspecified ACEIs in Study 023. The
combination arm was well-tolerated with AE rates similar to the ACEI-placebo arm. The
most common treatment-emergent AEs were headache (13 percent placebo, 16 percent
eplerenone) and dizziness (1.1 percent placebo, 5.7 percent eplerenone). One patient in
the eplerenone-ACEI arm had a mild (5.5 meq/L) hyperkalemia AE that returned to
normal by the end of the study. Mean change in potassium levels did not differ between
the two groups. There were no reports of gynecomastia or menstrual abnormalities.

Enalapril was compared to and combined with the ACEI enalapril in two studies with
non-BP primary endpoints: Study 017 in hypertensive patients with left ventricular
hypertrophy and a primary endpoint of change in left ventricular mass and Study 021 in
hypertensive diabetics with albuminuria and a primary endpoint of change in
albuminuria. In both studies patients were randomized to eplerenone forced-titrated 50-
200 mg QD over four weeks, enalapril forced-titrated 10 to 40 mg QD, or eplerenone
forced-titrated over four weeks plus fixed enalapril 10 mg QD. HCTZ 12.5-25 mg and
then amlodipine 10 mg could be added after eight weeks to control BP if necessary.
Study 017 randomized 202 patients and had a study duration of 36 weeks while Study
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021 randomized 266 patients and had a study duration of 24 weeks. The most notable
safety finding for these studies is the high rates of hyperkalemia in Study 021: 16 percent
in the eplerenone arm and 24 percent in the combined arm vs. 6 percent in the enalapril
arm. Six eplerenone and 13 combined vs. 2 enalapril patients were withdrawn because of
hyperkalemia. This study permitted the enrollment of patients with mild renal
dysfunction (creatinine to 1.7 mg/dL). The sponsor noted an association between lower
creatinine clearance and more hyperkalemia.

Angjotepsin Receptor Blockers (ARBs)

Eplerenone titrated 50-100 mg was added to an ARB for eight weeks in 164 patients not
completely controlled on their usual dosages of unspecified ACEIs in Study 023. The
combination arm was well-tolerated with AE rates similar to the ARB-placebo arm. The
most common AEs were headache (20 percent placebo, 23 percent eplerenone), nausea
(4.9 percent placebo, 9.6 percent eplerenone), polyuria (6.2 percent placebo, 4.8 percent
eplerenone), and asthenia (11 percent placebo, 2.4 percent eplerenone). No patients had
hyperkalemia AEs. The eplerenone-ARB group did have a statistically significant
increase in mean potassium levels (0.13 vs 0.03 meq/L, p = 0.0083). There were no
reports of gynecomastia or menstrual abnormalities, although one eplerenone-ARB
patient had orchitis and a severe headache.

1.10. Withdrawal Phenomena/Abuse Potential

The sponsor’s summary of studies of withdrawal effects is the following: “Studies 020,
021, 022, 023, 024, and 026 had a scheduled safety visit approximately one week after
the final treatment visit. This one-week interval provided a timeframe during which
rebound phenomenon was examined. Summaries of rebound SBP, DBP, and heart rate
were prepared for all completer patients and completer patients with no antihypertensive
medication between the final and safety visit. The incidence of patients who exhibited a
15 mmHg drop from Baseline to the final visit in SBP that subsequently increased S
mmHg above the original Baseline value at the safety visit was similar between the
placebo (2.3%), eplerenone monotherapy (2.3%), eplerenone coadministration therapy
(2.7%), and active comparator (2.2%) treatment groups; no antihypertensive medication
was administered to these patients between the final visit and the safety visit... Among
patients who did not receive antihypertensive medication between the final visit anid the
safety visit, the mean change from the final visit to the safety visit in SBP was 3.3 mmHg
in the placebo group, 6.5 mmHg in the eplerenone monotherapy group, 6.2 mmHg in the
eplerenone coadministration therapy group, and 5.2 mmHg in the active comparator
group... The incidence of adverse events reported during this period was similar among
the placebo, eplerenone monotherapy, eplerenone coadministration therapy, and active
comparator treatment groups.”

No cases of abuse were mentioned in the NDA.
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Reviewer’s comment: Eplerenone does not appear to cause withdrawal or rebound
problems. Eplerenone would appear to have minimal abuse potential.

-

1.11. 4Human' Reproduction Data

The sponsor’s description of one pregnancy in a study patient is the following: “The
eplerenone clinical development program required patients to be post-menopausal,
surgically sterile, or using barrier or hormonal contraceptives. However, one patient in
Study 019 became pregnant while receiving eplerenone in the trial. The patient was 23
years old and had a diagnosis of low-renin hypert®nsion. The patient was prematurely
discontinued from the study on October §, 2000, after having received 99 days of
treatment with eplerenone, when she was noted to be pregnant. The patient was
hospitalized twice during the pregnancy, once due to fluid retention and once due to pre-
eclampsia. The patient delivered a healthy 2.8 kg male of 37 weeks gestation on 9 May
2001. Apgar scores were 8 at one minute, 10 at five minutes, and 10 at 10 minutes.
Subsequent testing of the infant revealed no anomalies and a normal rate of growth.”

1.12. Overdose Experience

No overdoses have been reported in the clinical program.

2. Review of Systems
2.1.  Cardiovascular

Serious or withdrawal-causing cardiovascular event rates did not appear to differ among
the treatment groups. Cerebrovascular AEs causing withdrawal were slightly more
common in the eplerenone groups but the rates were low and not statistically significantly
different. The reviewer examined the rates for all cardiovascular AEs in the following
categories: cerebrovascular accidents, coronary artery-related events (myocardial
infarction and angina combined and separately), and peripheral vascular thromboses or
thrombophlebitis (arterial, venous, and combined.) The rates by treatment group are
shown in the table below.
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Table 47; Reviewer’s Cardiovascular AE Rates

0.2%

0.7| 0.8%

orona

2.7] 04%

0.5% 1.5

Active 1.2

Coadmin 0.3% 1.3] 0.6% 3.3] 0.3% 1.3f 0.4% 20

Mono 0.5% 1.6] 1.1% 3.9{ 0.3% 1.0} 0.9% 29| 0.2% 0.8 0.2% 06/ 0.1% 0.2
Open label | 0.7% 1.5} 0.7% 1.5{ 0.2% 04! 0.5% 1.2} 0.3% 0.8] 0.2% 04/ 02% 04
Placebo 0.3% 1.3 0.3% 13

SL

SL = Spironolactone; Ml = myocardial infarction; /PEY = per 100 patient exposure years

The rates for these cardiovascular AEs, with the exception of MIs, are highest in the

eplerenone monotherapy group. However, the rate differences are not statistically
significant.

The ECG data do not indicate that eplerenone has a significant effect upon ventricular

repolarization or other ECG parameters. The rates of reported arrhythmia AEs is shown
in the table below.

Table 48: Reviewer’s Rates of Arrhythmia AEs

Ventricular

The rates were highest in the coadministration groups and second highest in the active

Any

%o 1100 PEY

%

{100 PEY

Active 1.2% 39 02% 0.7
Coadmin 1.0% 53] 0.4% 20
Monotherapy 0.9% 29| 02% 0.6
Open label 1.2% 27| 0.2% 04
Placebo 0.3% 1.3 0.0% 0.0
Spironolactone 0.8% 36] 0.0% 0.0

control groups. Eplerenone does not appear to cause more arrhythmias than active
controls.

2.2,

Gastrointestinal

Liver Function

From the analyses of liver function tests, eplerenone appears to produce a slight,
statistically significant, dose-related increases in ALT and GGT. This effect may
produce a slight increase in moderate elevations in these enzymes.

One subject in a PK study in healthy Japanese subjects (conducted in the U.S.) developed

liver enzyme elevations. After seven days of treatment with eplerenone 100 mg daily
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ALT was elevated 13-fold and AST and GGT 5-6 fold in one 44-year old male subject.
Twenty-eight days after treatment ALT and AST were normal but GGT remained slightly
elevated, testing normal 61 days after treatment. He had demonstrated similar enzyme
increases during a previous placebo-controlled study. The subject was challenged with a
high caloric diet (3500 calories per day) and with a weight maintenance diet (2000
calories per day.) During challenge with the high caloric diet he experienced enzyme
elevations similar to those during the eplerenone treatment. He remained asymptomatic
throughout these studies. Another subject in a PK study also developed liver enzyme
elevations that were attributed to a change in hepatitis C reactivity from negative to
positive.

The sponsor’s summary of hepatic adverse events from the combined controlled trials is
shown in the figure below. The reported hepatic adverse events were enzyme elevations
consistent with the analyses of changes in the laboratory values.

Eplerenone
Eplerenone Coadministration Active

Adverse Event Placebo Monotherapy Therapy Comparators |
No. treated 375 1748 772 1422
Any event 5 (1.3} 36 (21 12 (1.6) 24 (1.7
Increased GGT 2 (0.5) 22 (1.3) 5 (0.6) 12 (0.8)
Phosphatase alkaline 1 (0.3) 8 {0.5) ¢ (0.0 4 (0.3)

increased
SGOT increased 2 (0.5) 13 (0.7) 3 (04) 11 (0.8)
SGPT increased 3 (08 20 (1.1 4  (0.5) 13 (0.9)

Scurce: Tanie T34.1.1.1
Inclkices Studies 010. 615. 016. 017. 018. 019, 020, 021, 022, 023, 024, 026, and 049. no additional antihvperntensive
merdication data inclided (Table 12.e)

Figure 53: Sponsor’s Hepatic Adverse Events with Incidence >= 0.5% in Any Treatment
Group, Combined Controlled Trials

Two eplerenone patients had hepatic SAEs. One patient was a 60 year-old white female
who had an episode of cholecystitis while being treated with eplerenone 200 mg QD and
hydrochlorothiazide 25 mg QD in Study 025. Her medications were continued during the
episode, which resolved in one week, and for 40 days until study termination. The
sponsor’s summary of the other patient is included below:

“Study 021: Patient # GE4912-07212692 (SGOT increased, SGPT increased, increased
GGT, and nausea), was a 60-year-old Caucasian male with a history of carcinoma of
larynx, cataracts (left and right eyes), erectile dysfunction, albuminuria, arthrosis of
spine, active diabetes type 2, and high GGT level (115 U/L). He received his first dose of
eplerenone 50 mg QD on 14 Jul 2000 (Baseline). Study medication was increased to
eplerenone 100 mg on 27 Jul 2000 (Day 14) and increased to eplerenone 200 mg on 17
Aug 2000 (Day 35). Hydrochlorothiazide 25 mg QD and amlodipine 10 mg QD were
added to his regimen on 05 Oct 2000 (Day 84); his final dose of study medication was on
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