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	  ypertension	  (HTN)	  affects	  approximately	  1	  in	  
3	  Americans.	  Despite	  the	  availability	  of	  multi-‐
ple	  drug	  treatments,	  HTN	  remains	  inadequate-‐

ly	  controlled	  with	  less	  than	  half	  of	  patients	  reaching	  
target	  blood	  pressure	  (BP)	  goals.1,	  2	  For	  uncomplicated	  
HTN,	  thiazide-like	  diuretics	  have	  been	  the	  basis	  of	  
therapy	  in	  most	  outcome	  trials,	  often	  used	  in	  conjunc-‐
tion	  with	  other	  pharmacologic	  agents.3	  Head-to-head	  
studies	  demonstrate	  comparable	  BP	  reduction	  among	  
various	  drug	  classes,	  including	  angiotensin-converting
-enzyme	  inhibitors	  (ACEi),	  calcium	  channel	  blockers	  
(CCB),	  and	  angiotensin	  II	  receptor	  blockers	  (ARB).	  
Choice	  of	  drug	  is	  often	  based	  on	  the	  potential	  side	  ef-‐
fect	  proϐile,	  with	  ARBs	  popular	  due	  to	  a	  tolerability	  
proϐile	  similar	  to	  placebo.4-6 

Edarbyclor®	  (azilsartan/chlorthalidone)	  is	  a	  new	  
antihypertensive	  developed	  by	  Takeda	  that	  was	  ap-‐
proved	  by	  the	  FDA	  in	  December	  2011.	  Edarbyclor®	  is	  
the	  ϐirst	  ϐixed-dose	  therapy	  in	  the	  US	  to	  combine	  an	  
ARB	  with	  the	  thiazide-like	  diuretic	  chlorthalidone.	  
This	  article	  will	  review	  Edarbyclor®	  (AZL/CHLOR),	  
including	  its	  pharmacology	  and	  pharmacokinetics,	  
summarize	  its	  efϐicacy	  and	  safety	  data,	  and	  describe	  
dosing,	  cost,	  and	  monitoring	  parameters. 

 
PčĆėĒĆĈĔđĔČĞ	  	  Ćēĉ	  PčĆėĒĆĈĔĐĎēĊęĎĈĘ 
 
Azilsartan	  medoxomil	  (AZL-M)	  is	  the	  ARB	  compo-‐

nent	  of	  Edarbyclor®.	  	  AZL-M	  is	  a	  prodrug	  that	  is	  

quickly	  hydrolyzed	  in	  the	  GI	  tract	  to	  the	  active	  moiety	  
azilsartan	  (AZL),	  a	  potent	  and	  highly	  selective	  ARB.	  In	  
vivo	  and	  in	  vitro	  studies	  have	  shown	  AZL	  binds	  to	  the	  
angiotensin	  1	  (AT1)	  receptor	  in	  a	  concentration-
dependent	  manner	  with	  high	  afϐinity	  compared	  to	  oth-‐
er	  ARBs	  such	  as	  olmesartan,	  telmisartan,	  valsartan,	  
and	  irbesartan.	  The	  unique	  antagonistic	  proϐile	  of	  AZL,	  
such	  as	  the	  insurmountable	  antagonism	  and	  slow	  dis-‐
sociation	  from	  the	  receptor	  induces	  long-lasting	  phar-‐
macologic	  effects	  leading	  to	  more	  efϐicacy	  in	  lowering	  
BP	  in	  patients	  with	  mild	  to	  moderate	  HTN.7 

After	  oral	  administration,	  peak	  plasma	  concentra-‐
tions	  are	  reached	  within	  1.5-3	  hours	  (Table	  1).	  The	  
estimated	  bioavailability	  is	  60%	  and	  is	  unaffected	  by	  
food.	  AZL	  is	  highly	  bound	  to	  plasma	  proteins	  (>99%).	  
AZL	  is	  metabolized	  to	  two	  metabolites,	  MI	  and	  MII	  
(majority),	  that	  are	  formed	  via	  cytochrome	  P450	  2C9.	  
Due	  to	  the	  metabolites’	  low	  afϐinity	  for	  the	  AT1	  recep-‐
tor,	  they	  do	  not	  contribute	  to	  the	  pharmacologic	  activi-‐
ty	  of	  AZL.	  Steady	  state	  levels	  are	  achieved	  within	  
5	  days,	  and	  no	  accumulation	  in	  plasma	  occurs	  
with	  repeated	  once-daily	  dosing.	  The	  elimina-‐
tion	  half-life	  is	  approximately	  12	  hours,	  with	  about	  
55%	  of	  AZL	  eliminated	  in	  feces,	  and	  42%	  in	  
urine.8-11	    

After	  oral	  administration,	  chlorthalidone	  (CHLOR)	  
peak	  plasma	  concentrations	  are	  reached	  within	  2-6	  
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product	  AZL	  attenuates	  hypokalemia	  associated	  with	  
CHLOR.	  In	  volume-	  or	  salt-depleted	  patients	  (e.g.	  those	  
taking	  high	  doses	  of	  diuretics),	  volume	  depletion	  
should	  be	  corrected	  prior	  to	  initiation	  of	  AZL/CHLOR.	  
Transient	  hypotension	  is	  not	  a	  contraindication	  to	  
treatment.	  If	  BP	  is	  transiently	  low,	  AZL/CHLOR	  should	  
not	  be	  started	  until	  BP	  is	  stabilized	  as	  initiation	  can	  
worsen	  hypotension.	  CHLOR	  may	  precipitate	  gout	  in	  
certain	  patients.	   

The	  elderly	  may	  be	  more	  sensitive	  to	  effects	  of	  ei-‐
ther	  AZL	  or	  CHLOR.	  Patients	  older	  than	  75	  years	  	  may	  
have	  high	  serum	  creatinine	  levels.	  However,	  no	  dosage	  
adjustment	  is	  recommended	  in	  the	  elderly.	  AZL	  
(pregnancy	  category	  D)	  reduces	  fetal	  renal	  function	  
and	  increases	  fetal	  and	  neonatal	  morbidity	  and	  death.	  
Thus,	  AZL/CHLOR	  should	  not	  be	  used	  in	  pregnant	  pa-‐
tients.8-11 

 
CđĎēĎĈĆđ	  TėĎĆđĘ 

 
Azilsartan 

Multiple	  studies	  evaluated	  the	  safety	  and	  efϐicacy	  
of	  AZL	  including	  studies	  comparing	  AZL	  with	  ACEi,	  
CCBs,	  and	  diuretics	  (Table	  3).	   

In	  a	  randomized,	  double-blind,	  multicenter,	  place-‐
bo-	  and	  active-controlled	  trial,	  White	  et	  al.	  evaluated	  
the	  safety	  and	  efϐicacy	  of	  AZL	  (40	  or	  80	  mg)	  compared	  
with	  placebo,	  olmesartan	  (OLM),	  and	  valsartan	  (VAL)	  
in	  Stage	  1	  and	  2	  HTN	  patients.12	  Eligible	  men	  and	  
women	  at	  least	  18	  years	  of	  age	  with	  HTN	  were	  includ-‐
ed	  if	  their	  clinic	  systolic	  BP	  (SBP)	  was	  ≥150	  mm	  Hg	  
and	  ≤180	  mm	  Hg	  and	  if	  their	  24-hour	  mean	  SBP	  was	  
≥130	  mm	  Hg	  and	  ≤170	  mm	  Hg.	  A	  total	  of	  1291	  pa-‐
tients	  from	  141	  centers	  in	  the	  US	  and	  South	  and	  Cen-‐
tral	  America	  were	  recruited	  and	  randomly	  assigned	  to	  
placebo,	  20	  or	  40	  mg	  of	  AZL,	  160	  mg	  of	  VAL,	  or	  20	  mg	  
of	  OLM,	  all	  given	  once	  daily	  for	  2	  weeks.	  At	  the	  end	  of	  
2	  weeks,	  patients	  were	  force-titrated	  to	  40	  or	  80	  mg	  of	  
AZL,	  320	  mg	  of	  VAL,	  40	  mg	  of	  OLM,	  or	  continuation	  of	  
placebo	  once	  daily	  for	  an	  additional	  4	  weeks.	  The	  pri-‐
mary	  efϐicacy	  end	  point	  for	  assessing	  efϐicacy	  was	  the	  

hours	  (Table	  2).	  The	  estimated	  bioavailability	  is	  65%	  
and	  is	  unaffected	  by	  food.	  CHLOR	  is	  highly	  bound	  to	  
red	  blood	  cells	  and	  75%	  bound	  to	  plasma	  proteins.	  
The	  elimination	  half-life	  is	  approximately	  45	  hours,	  
with	  the	  majority	  of	  the	  drug	  eliminated	  unchanged	  in	  
the	  urine	  (50-74%),	  with	  some	  potential	  biliary	  excre-‐
tion.8-10	  	   

Individually,	  AZL	  and	  CHLOR	  warrant	  dosage	  ad-‐
justments	  for	  speciϐic	  populations.	  The	  combination	  
product	  AZL/CHLOR	  has	  no	  recommended	  dosage	  ad-‐
justments	  for	  any	  speciϐic	  patient	  population.	  Howev-‐
er,	  AZL/CHLOR	  should	  be	  used	  cautiously	  in	  patients	  
with	  renal	  impairment,	  hepatic	  impairment,	  hypokale-‐
mia,	  hypotension,	  hyperuricemia,	  as	  well	  as	  in	  the	  el-‐
derly	  and	  pregnant	  patients. 

	  Elevations	  of	  creatinine	  are	  typically	  transient,	  or	  
non-progressive	  and	  reversible	  in	  patients	  started	  on	  
AZL.	  In	  patients	  with	  mild	  to	  moderate	  renal	  impair-‐
ment	  (estimated	  Glomerular	  Filtration	  Rate	  [eGFR]	  30
-90	  ml/min/1.73m2),	  the	  Area	  Under	  the	  Curve	  (AUC)	  
and	  the	  max	  concentration	  of	  AZL	  (Cmax)	  	  are	  elevat-‐
ed;	  however	  no	  dosage	  adjustment	  is	  necessary.10-11	  
CHLOR,	  like	  other	  thiazide	  diuretics,	  is	  considered	  in-‐
effective	  when	  the	  creatinine	  clearance	  is	  less	  than	  30	  
ml/min.	  The	  safety	  and	  efϐicacy	  of	  AZL/CHLOR	  has	  not	  
been	  established	  in	  patients	  with	  severe	  renal	  impair-‐
ment	  (eGFR	  <	  30	  mL/min)	  and	  is	  contraindicated	  in	  
patients	  with	  anuria.10-11 

In	  patients	  with	  mild	  to	  moderate	  hepatic	  impair-‐
ment,	  the	  AUC	  and	  Cmax	  of	  AZL	  are	  elevated;	  however	  
no	  dosage	  adjustment	  is	  necessary.	  CHLOR	  can	  cause	  
minor	  alterations	  of	  ϐluid	  and	  electrolyte	  balance,	  
which	  may	  precipitate	  hepatic	  coma	  in	  the	  susceptible	  
patient.	  The	  safety	  and	  efϐicacy	  of	  AZL/CHLOR	  has	  not	  
been	  established	  in	  patients	  with	  severe	  hepatic	  im-‐
pairment.10-11 

AZL/CHLOR	  should	  be	  used	  with	  caution	  in	  pa-‐
tients	  at	  risk	  of	  hypokalemia,	  hypotension,	  and	  hype-‐
ruricemia.	  CHLOR	  may	  cause	  dose-dependent	  hypoka-‐
lemia.	  Concurrent	  use	  of	  digoxin	  can	  exacerbate	  
hypokalemic	  effects.	  However,	  in	  the	  combination	  

Table  1    |    Azilsartan  Pharmacokinetic  Properties 

Property Data 

Oral  bioavailability 60% 
Time  to  peak   
concentraƟon 1.5-3  hours 

Half-life 11  hours 

Protein  binding >99% 

Metabolism 
O-dealkylaƟon,  MII  (major  metabo-‐
lite)  and  decarboxylaƟon,  MI  (minor  

metabolite) 
ExcreƟon Feces  55%,  urine  42% 

Table  2    |    Chlorthalidone  Pharmacokinetic   
Properties 

Property Data 

Oral  bioavailability 65% 
Time  to  peak   
concentraƟon 2-6  hours 

Half-life 45  hours 

Protein  binding 75% 

Metabolism Majority  excreted  unchanged  by  
kidneys 

ExcreƟon Urine  50-74% 
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Table  3    |    Summary  of  Azilsartan  Studies 

Study PaƟents Design Outcomes IntervenƟons Results 
Bakris,  et  
al  (2011)13 

Clinic  SBP  150-180  
mmHg  &  24-hr  
mean  SBP  130-170  
mmHg 

N  =  1275 
R,  DB,  PG 

Change  in  24-hr  mean  
SBP  by  ABPM  from  
baseline 

Dosing:  AZL  20,  40,  
80mg  qd  vs  OLM  
40mg  qd  vs  PC 
DuraƟon:  6  wks 

AZL  80mg  improved  mean  
SBP  vs  OLM  (p  =  0.038); 
AZL  40mg  was  noninferior 

Sica,  et  al  
(2011)14 

Clinic  SBP  150-180  
mmHg  &  24-hr  
mean  SBP  130-170  
mmHg 

N  =  984 
R,  DB,  PG 

Change  in  24-hr  mean  
SBP  by  ABPM  from  
baseline 

Dosing:  AZL  40,  80mg  
qd  vs  VAL  320mg  qd 
DuraƟon:  24  wks 

AZL  40mg  and  80mg  im-‐
proved  mean  SBP  more  than  
VAL  (p<0.0001  for  both) 

White,  et  
al  (2011)12 

Clinic  SBP  150-180  
mmHg  &  24-hr  
mean  SBP  130-170  
mmHg 

N  =  1291 
R,  DB,  PG 

Change  in  24-hr  mean  
SBP  by  ABPM  from  
baseline 

Dosing:  AZL  40,  80  mg  
qd  vs  OLM  40  mg  qd  
vs  VAL  320mg  qd  vs  
PC 
DuraƟon:  6  wks 

AZL  80mg  improved  mean  
SBP  more  than  OLM  and  VAL  
(p  =  0.009  for  both); 
AZL  40mg  was  noninferior 

Bonner  
(2010)10 

Clinic  SBP  150-180  
mmHg 

N  =  884 
R,  DB,  PG 

Change  in  clinic  
trough  SBP  from  base-‐
line 

Dosing:  AZL  40,  80  mg  
qd  vs  RAM  10mg  qd 
DuraƟon:  24  wks 

AZL  40mg  and  80mg  im-‐
proved  clinic  SBP  more  than  
RAM  (p<0.001  for  both) 

Cushman  
(2011)10 

Clinic  SBP  160-
190mmHg  +  DBP  
≤119mmHg 

N  =  1085 
R,  DB,  PG 

Change  in  clinic  
trough  SBP  from  base-‐
line 

Dosing:  AZL  20,  40  mg  
qd  +  CLT  12.5,  25mg  
qd  vs  OLM  20,  40mg  
qd  +  HCTZ  12.5,  25mg  
qd 
DuraƟon:  8  wks 

AZL/CLT  combos  improved  
clinic  SBP  more  than  OLM/
HCTZ  combos  (p-value<0.001  
for  both) 

Weber  
(2010)10 

Stage  2  HTN N  =  562 
R,  DB,  PG 

Change  in  24-hr  mean  
SBP  by  ABPM  from  
baseline 

Dosing:  AZL  40,  80  mg  
qd  +  AML  5mg  qd  vs  
PC  +  AML  5mg  qd 
DuraƟon:  6  wks 

AZL/AML  combo  improved  
mean  SBP  vs  PC/AML  
(p<0.001  for  both) 

ABPM  =  ambulatory  blood  pressure  monitoring;  AML=amlopdipine;  AZL  =  azilsartan;  CLT  =  chlorthalidone;  DB  =  double  blind;  DBP  =  diastolic  blood  pressure;  HCTZ  
=  hydrochlorothiazide;  HTN  =  hypertension;  OLM  =  olmesartan;  PC=placebo;  PG  =  parallel  groups;  R  =  randomized;  RAM  =  ramipril;  qd=  once  daily;  SBP  =  systolic  
blood  pressure;  VAL  =  valsartan 

change	  from	  baseline	  in	  the	  24-hour	  mean	  SBP	  after	  6	  
weeks	  of	  treatment.12 

All	  of	  the	  active	  therapies	  lowered	  24-hour	  mean	  
SBP	  signiϐicantly	  compared	  to	  placebo,	  and	  compared	  
to	  placebo	  the	  following	  mean	  differences	  were	  ob-‐
served:	  320	  mg	  of	  VAL	  reduced	  SBP	  by	  -9.5	  mmHg	  
(95%	  CI,	  -12.6	  to	  -6.3;	  p<0.001);	  40mg	  OLM	  reduced	  
SBP	  by	  -11.4	  mmHg	  (95%	  CI,	  -14.5	  to	  -8.2;	  p<0.001);	  
AZL	  40mg	  reduced	  SBP	  by	  -14.6	  (95%	  CI,	  -17.7	  to	  -
11.4;	  p<0.001),	  and	  AZL	  80mg	  reduced	  SBP	  by	  -14.9	  
(95%	  CI,	  -18.1	  to	  -11.8;	  p<0.001).	  When	  evaluating	  the	  
ambulatory	  BP	  monitoring,	  AZL	  80mg	  had	  lower	  SBP	  
readings	  at	  weeks	  2,	  4,	  and	  6	  weeks	  compared	  to	  VAL	  
or	  OLM,	  suggesting	  greater	  24-hour	  BP	  control.	  White	  
et	  al.	  concluded	  that	  AZL	  80mg	  showed	  superior	  efϐi-‐
cacy	  to	  the	  other	  treatment	  options	  and	  AZL-40mg	  
was	  noninferior.12 

In	  a	  randomized,	  multicenter,	  parallel	  group,	  dou-‐
ble-blind,	  placebo-controlled	  study	  Bakris	  et	  al.	  evalu-‐
ated	  the	  safety	  and	  efϐicacy	  of	  AZL	  compared	  with	  pla-‐
cebo	  and	  OLM	  in	  patients	  with	  primary	  HTN.13	  The	  
eligibility	  criteria,	  primary	  endpoint,	  and	  study	  dura-‐
tion	  were	  the	  same	  as	  those	  used	  in	  the	  study	  by	  
White	  et	  al.	  12	  A	  total	  of	  1275	  patients	  were	  stratiϐied	  

by	  race	  and	  randomly	  assigned	  to	  receive	  AZL	  at	  a	  
dose	  of	  20	  mg,	  40	  mg,	  or	  80	  mg	  (n=851),	  40	  mg	  OLM	  
(n=282),	  or	  placebo	  (n=142).13 

The	  treatment	  difference	  between	  AZL	  80	  mg	  and	  
OLM	  40	  mg	  was	  -2.1	  mm	  Hg	  (95%	  CI,	  -4.0	  to	  -0.1;	  
p=0.038),	  and	  the	  treatment	  difference	  between	  AZL	  
40	  mg	  and	  OLM	  40mg	  was	  -0.92	  mm	  Hg	  (95%	  CI,	  -
2.87	  to	  1.02;	  p=0.352).	  Changes	  from	  baseline	  in	  24-
hour	  mean	  SBP	  were	  greatest	  with	  80	  mg	  of	  AZL.	  
Bakris	  et	  al.	  concluded	  that	  AZL	  80mg	  showed	  superi-‐
or	  efϐicacy	  to	  OLM	  and	  AZL-40mg	  was	  noninferior.13 

In	  a	  randomized,	  double-blind,	  parallel-group,	  
multicenter	  trial	  Sica	  et	  al.	  evaluated	  the	  safety	  and	  
efϐicacy	  of	  AZL	  compared	  with	  VAL	  in	  Stage	  1	  and	  2	  
HTN	  patients.	  The	  984	  eligible	  patients	  (18	  years	  of	  
age	  or	  older	  with	  primary	  HTN)	  were	  randomly	  as-‐
signed	  in	  a	  1:1:1	  ratio	  into	  3	  groups:	  AZL	  20	  mg	  every	  
day	  force-titrated	  to	  40	  mg	  every	  day	  after	  2	  weeks;	  
AZL	  20	  mg	  every	  day	  force-titrated	  to	  80	  mg	  every	  
day	  after	  2	  weeks;	  or	  VAL	  80	  mg	  every	  day	  force-
titrated	  to	  320	  mg	  every	  day	  after	  2	  weeks;	  treatment	  
was	  continued	  for	  an	  additional	  22	  weeks	  for	  all	  
groups.	  The	  primary	  efϐicacy	  endpoint	  was	  the	  change	  
from	  baseline	  in	  24-hr	  mean	  SBP	  after	  24	  weeks	  of	  
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treatment.14	   
AZL	  40	  mg	  and	  80	  mg	  lowered	  24-hour	  mean	  SBP	  

(-14.9	  mm	  Hg	  and	  -15.3	  mm	  Hg,	  respectively)	  more	  
than	  VAL	  320	  mg	  (-11.3	  mm	  Hg;	  p<0.001	  for	  40-mg	  
and	  80-mg	  comparisons	  vs.	  VAL).	  Clinic	  SBP	  reduc-‐
tions	  were	  consistent	  with	  the	  ambulatory	  results	  (-
14.9	  mm	  Hg	  for	  AZL	  40	  mg	  and	  -16.9	  mm	  Hg	  for	  AZL	  
80	  mg	  vs.	  -11.6	  mm	  Hg	  for	  VAL;	  p=0.015	  and	  p<0.001,	  
respectively).	  The	  reductions	  in	  24-hour	  mean	  and	  
clinic	  diastolic	  BPs	  were	  also	  greater	  with	  both	  doses	  
of	  AZL	  than	  with	  VAL	  (p<0.001	  for	  all	  comparisons).	  
Small,	  reversible	  changes	  in	  serum	  creatinine	  occurred	  
more	  often	  with	  AZL	  than	  with	  VAL;	  otherwise,	  safety	  
and	  tolerability	  parameters	  were	  similar	  among	  the	  
three	  groups.	  Results	  from	  ANCOVA	  analysis	  found	  
AZL	  had	  greater	  ambulatory	  and	  clinic	  BP-lowering	  
effects	  than	  full-dose	  VAL	  without	  any	  meaningful	  in-‐
crease	  in	  adverse	  events.14 
 
Chlorthalidone 

In	  a	  handful	  of	  large	  trials	  CHLOR	  has	  been	  studied	  
as	  initial	  therapy	  and	  in	  comparison	  to	  other	  antihy-‐
pertensives	  (Table	  4).	   

The	  antihypertensive	  and	  lipid-lowering	  treatment	  
to	  prevent	  heart	  attack	  trial	  (ALLHAT)	  study	  was	  a	  
randomized,	  double-blind	  trial	  that	  compared	  a	  tradi-‐
tional	  thiazide-like	  antihypertensive	  with	  newer	  clas-‐
ses	  of	  antihypertensives	  to	  determine	  which	  medica-‐

tions	  work	  best.15	  Eligible	  patients	  were	  55	  years	  or	  
older	  with	  HTN	  and	  at	  least	  1	  other	  coronary	  heart	  
disease	  (CHD)	  risk	  factor.	  A	  total	  of	  33,357	  partici-‐
pants	  from	  623	  North	  American	  centers	  were	  random-‐
ly	  assigned	  to	  receive	  CHLOR,	  12.5	  to	  25	  mg	  daily,	  or	  
sham-titration	  (n=15255);	  amlodipine,	  2.5	  to	  10	  mg	  
daily	  (n=9048);	  lisinopril,	  10	  to	  40	  mg	  daily	  (n=9054);	  
or	  doxazosin	  2	  to	  8	  mg	  daily	  (n=9061)	  for	  planned	  fol-‐
low-up	  of	  approximately	  4	  to	  8	  years.	  Results	  from	  
intention-to-treat	  analysis	  found	  none	  of	  the	  three	  test	  
treatments	  differed	  signiϐicantly	  from	  CHLOR	  in	  rates	  
of	  the	  primary	  outcome	  of	  major	  CHD	  events.	  CHLOR	  
was	  superior	  at	  preventing	  cardiovascular	  disease	  
(CVD)	  events	  compared	  to	  amlodipine,	  lisinopril,	  and	  
doxazosin.	  Each	  of	  the	  newer	  drugs	  had	  signiϐicantly	  
higher	  rates	  of	  one	  or	  more	  forms	  of	  CVD,	  and	  lis-‐
inopril	  and	  doxazosin	  had	  higher	  rates	  of	  combined	  
CVD.	  The	  doxazosin	  arm	  was	  stopped	  early	  due	  to	  a	  
25%	  higher	  rate	  of	  combined	  CVD	  and	  a	  two-fold	  high-‐
er	  rate	  of	  heart	  failure	  compared	  to	  the	  diuretic	  arm.	  
The	  ALLHAT	  ϐindings	  are	  consistent	  in	  large	  part	  with	  
evidence	  from	  other	  clinical	  trials	  that	  indicate	  thia-‐
zide-like	  diuretics,	  such	  as	  CHLOR,	  are	  drugs	  of	  choice	  
for	  initial	  treatment	  of	  HTN	  in	  most	  patients	  due	  to	  
their	  superiority	  in	  preventing	  major	  forms	  of	  CVD,	  
tolerability,	  mortality	  beneϐit,	  and	  their	  low	  cost.15-19 

The	  systolic	  HTN	  in	  the	  elderly	  program	  (SHEP)	  
was	  a	  randomized,	  placebo-controlled,	  multi-site	  

Table  4    |    Summary  of  Chlorthalidone  Trials 

Study PaƟents Design Outcomes IntervenƟons Results 
ALLHAT  
(2002)15 

Stage  1  and  
2  HTN  with  
at  least  1  
addiƟonal  
risk  factor  
for  CHD  
events  in  
55+  yo 

N=24,335 
R,  DB,  PG 

1°:  fatal  CHD  
or  non-fatal  
MI 
2°:    all-cause  
mortality,  
stroke,  com-‐
bined  CHD,  
combined  
CVD 

Dosing: 
Step  1  =  ƟtraƟon  of  assigned  drug:  
CLT  12.5mg,  25mg  qd;  AML  2.5mg.  
5mg.  10mg  qd;  LSN  10mg,  20mg,  
40mg  qd 
Step  2  =  added  on  as  necessary:  ATN  
25-100mg  qd;  RES  0.05-0.2mg  qd;  
CLN  0.1-0.3mg  bid 
Step  3  =  added  on  as  necessary:  HYD  
25-100mg  bid 
DuraƟon:  4-8  yrs 

1°:  no  difference  b/w  treat-‐
ments 
2°:  compared  to  CLT:  AML  had  
higher  rate  of  HF  (10.2  vs.  
7.7%;  RR,  1.38;  95%  CI,  1.25–
1.52).  LSN  had  higher  rates  of  
CVD  (33.3  vs.  30.9%;  RR,  1.10;  
95%  CI,  1.05–1.16),  stroke  (6.3  
vs.  5.6%;  RR,  1.15;  95%  CI,  1.02
–1.30),  and  HF  (8.7  vs.  7.7%;  
RR,  1.19;  95%  CI,  1.07–1.31). 

SHEP  
(1985)18,20 

Isolated  
systolic  HTN  
(SBP  160+  
mmHg/
DBP<90mm
Hg)  in  elder-‐
ly  (60+  yo) 

N=4,736 
R,  DB,  PG 

1°:  nonfatal  
and  fatal  
(total)  
stroke 
2°:  CV  and  
coronary  
morbidity  
and  mortali-‐
ty,  all-cause  
mortality,  
QOL  meas-‐
ure 

Dosing: 
Step  1  =  CLT  (dose  1:  12.5mg  qd  or  
matching  PC;  dose  2:  25mg  qd) 
Step  2  =  ATN  (dose  1:  25  mg  qd  or  
matching  PC;  dose  2:  50mg  qd) 
DuraƟon:  22  yrs 

1°:  Stepped  care  w/  CLT  im-‐
proved  reduced  stroke  inci-‐
dence  (p=0.0003); 
2°:  Rates  were  lower  in  acƟve  
group  vs  placebo.  Coronary  
event:  RR  0.74,  95%  CI  (0.58-
0.95) 
Major  CV  events:  RR  0.68;  95%  
CI  (0.58-0.79) 
Deaths  from  all  causes:  RR  
0.87,  95%  CI  0.73-1.05) 

AML=amlodipine;  ATN=atenolol;  CLN-=clonidine;  CLT=chlorthalidone;  CV=cardiovascular;  DB  =  double  blind;  HTN=hypertension;  HYD=hydralazine;  LSN=lisinopril;  
PC=placebo;  PG  =  parallel  groups;  qd=  once  daily;  QOL=quality  of  life;  R  =  randomized;  RES=reserpine 
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study	  of	  patients	  aged	  60	  years	  or	  older	  with	  isolated	  
systolic	  HTN	  that	  evaluated	  the	  potential	  of	  CHLOR	  to	  
reduce	  the	  risk	  of	  stroke.	  Participants	  were	  random-‐
ized	  to	  active	  drug	  or	  placebo	  and	  were	  followed	  
monthly	  until	  SBP	  reached	  goal	  or	  the	  maximum	  level	  
of	  stepped-care	  treatment	  was	  received.	  All	  4,736	  par-‐
ticipants	  had	  quarterly	  clinic	  visits	  for	  an	  average	  of	  
4.5	  years.	  CHLOR	  therapy	  resulted	  in	  a	  statistically	  
signiϐicant	  decrease	  in	  CV	  events	  of	  heart	  failure,	  fatal	  
or	  nonfatal	  strokes,	  and	  coronary	  heart	  disease.18 

An	  additional	  study	  evaluated	  the	  gain	  in	  life	  ex-‐
pectancy	  from	  the	  patients	  of	  the	  SHEP	  trial	  22	  years	  
after	  the	  beginning	  of	  active	  CHLOR	  therapy.	  The	  pri-‐
mary	  outcome	  measures	  were	  CV	  death	  and	  all-cause	  
mortality.	  At	  the	  22-year	  follow-up,	  life	  expectancy	  
gain	  was	  105	  days	  (95%	  CI,	  −39	  to	  242;	  p=0.07)	  for	  all
-cause	  mortality	  and	  158	  days	  (95%	  CI,	  36-287;	  
p=0.009)	  for	  cardiovascular	  death.	  Each	  month	  of	  ac-‐
tive	  CHLOR	  treatment	  was	  associated	  with	  approxi-‐
mately	  1day	  extension	  in	  life	  expectancy.20 

CHLOR	  and	  HCTZ	  are	  often	  considered	  inter-‐
changeable	  agents	  within	  the	  class	  of	  thiazide	  or	  thia-‐
zide-like	  diuretics.	  Some	  evidence	  suggests	  that	  clini-‐
cians	  may	  use	  one	  of	  these	  two	  agents	  as	  the	  preferred	  
diuretic	  for	  treating	  HTN.1,	  15-21	  However,	  signiϐicant	  
pharmacokinetic	  and	  pharmacodynamic	  differences	  
exist	  between	  these	  diuretics.	  CHLOR	  is	  1.5	  to	  2.0	  
times	  as	  potent	  as	  HCTZ	  and	  has	  a	  much	  longer	  dura-‐
tion	  of	  action	  (Table	  5).	  Studies	  have	  given	  insight	  into	  

dose	  equivalence	  between	  chlorthalidone	  and	  HCTZ	  at	  
an	  approximate	  25mg:	  50mg	  (1:2	  ratio)	  when	  based	  
on	  expected	  BP	  reduction.19	  The	  ALLHAT	  and	  SHEP	  
trials	  showed	  a	  mortality	  beneϐit	  with	  CHLOR,	  where-‐
as	  no	  study	  to	  date	  has	  shown	  a	  mortality	  beneϐit	  with	  
HCTZ.15,20	  Therefore	  if	  the	  degree	  of	  BP	  reduction	  and	  
mortality	  beneϐit	  are	  the	  most	  important	  variable	  in	  
deϐining	  outcomes,	  data	  overall	  seems	  to	  favor	  CHLOR;	  
no	  studies	  have	  directly	  compared	  the	  two	  agents.	  
Thus	  it	  is	  unknown	  whether	  these	  pharmacokinetic	  
and	  pharmacodynamic	  features	  lead	  to	  differences	  in	  
outcomes.21	  To	  determine	  if	  one	  agent	  is	  clearly	  supe-‐
rior	  in	  HTN	  management,	  further	  head-to-head	  studies	  
should	  be	  conducted. 

 
AĉěĊėĘĊ	  EċċĊĈęĘ	  ƭ	  DėĚČ	  IēęĊėĆĈęĎĔēĘ 

 
In	  an	  8-week	  factorial	  design	  trial,	  the	  most	  com-‐

mon	  adverse	  reactions	  of	  Edarbyclor-treated	  patients	  
were	  dizziness	  (8.9%)	  and	  fatigue	  (2%).	  	  While	  receiv-‐
ing	  recommended	  doses	  of	  AZL/CHLOR,	  8.3%	  of	  pa-‐
tients	  discontinued	  treatment	  due	  to	  increased	  serum	  
creatinine	  and	  dizziness.10	  A	  summary	  of	  the	  adverse	  
effects	  associated	  with	  AZL	  and	  CHLOR	  independently	  
is	  presented	  in	  Table	  6.	  The	  pharmacokinetics	  of	  AZL	  
and	  CHLOR	  are	  not	  altered	  in	  the	  combination	  prod-‐
uct.10-11	  No	  drug	  interaction	  studies	  have	  been	  con-‐
ducted	  with	  AZL/CHLOR,	  though	  there	  have	  been	  drug	  
interaction	  studies	  with	  AZL	  independently	  (Table	  7). 

Table  5    |    Pharmacokinetic  and  Pharmacodynamic  Comparison  of  Chlorthalidone  and  HCTZ 

Drug Onset,  h Peak  effects,  h Half-life,  h DuraƟon,  h RelaƟve  dose,  mg 

Chlorthalidone 2-3 2-6 40  (single  dose) 
45-60  (long-term  dosing) 

24-48  (single  dose) 
48-72  (long-term  dosing) 

25 

HCTZ 2 4-6 6-9  (single  dose) 
8-15  (long-term  dosing) 

12  (single  dose) 
16-24  (long-term  dosing) 

50 

H:  hours;  HCTZ:  hydrochlorothiazide   

Table  6    |    Adverse  Effects  of  Azilsartan  and  Chlorthalidone 
  Common  (1-10%) Uncommon  (<1%) 

Azilsartan CV:  hypotension  (2%) 
CNS:  dizziness  (9%),  faƟgue  (2%) 
Renal:  increased  serum  Cr  (2%),  increased  
BUN 

Syncope 

Chlorthalidone Dermatologic:  PhotosensiƟvity 
Endocrine&  metabolic:  Hypokalemia 
GastrointesƟnal:   Anorexia,   epigastric   dis-‐
tress 
  

Agranulocytosis,  aplasƟc  anemia,  cholecysƟƟs,  consƟpaƟon,  
cutaneous  vasculiƟs,  diarrhea,  dizziness,  glycosuria,  headache,  
hepaƟc  funcƟon  impairment,  hypercalcemia,  hyperglycemia,  
hyperuricemia  or  gout,  hyponatremia,  insomnia,  leukopenia,  
muscle  cramps  or  spasm,  nausea,  necroƟzing  angiiƟs,  
pancreaƟƟs,  paresthesia,  polyuria,  purpura,  rash,  restlessness,  
sexual  ability  decreased,  thrombocytopenia,  urƟcaria,  vomiƟng,  
vasculiƟs,  weakness 
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DĔĘĎēČ,	  AĉĒĎēĎĘęėĆęĎĔē,	  ƭ	  CĔĘę 

 
Edarbyclor®	  (AZL/CHLOR),	  is	  available	  as	  a	  once-

daily	  single	  tablet	  in	  two	  strengths:	  40mg-12.5mg	  and	  
40mg-25mg.	  The	  initial	  dose	  of	  Edarbyclor®	  is	  40mg-
12.5mg.	  If	  BP	  does	  not	  reach	  goal	  in	  2-4	  weeks	  of	  ther-‐
apy,	  the	  dose	  may	  be	  increased	  to	  40mg-25mg.	  Doses	  
above	  40mg-25mg	  are	  not	  likely	  to	  be	  effective.	  The	  
cost	  of	  a	  30-day	  supply	  of	  once-daily	  Edarbyclor®	  
(either	  strength)	  varies	  from	  $83.77-$103.85.	  The	  
mean	  cost	  from	  a	  discount,	  chain,	  or	  independent	  
pharmacy	  is	  $83.77,	  $94.87,	  and	  $103.85	  respective-‐
ly.22 

 
SĚĒĒĆėĞ 

 
AZL/CHLOR	  is	  the	  only	  ϐixed-dose	  therapy	  combin-‐

ing	  an	  ARB	  with	  the	  thiazide-like	  diuretic	  chlorthali-‐
done.	  It	  is	  an	  effective	  option	  in	  HTN	  patients	  requir-‐
ing	  drug	  combinations	  to	  reach	  target	  BP,	  and	  may	  be	  
especially	  useful	  in	  patients	  intolerant	  to	  an	  ACEi.	  As	  
of	  yet	  there	  have	  been	  no	  clinical	  trials	  comparing	  the	  
efϐicacy	  of	  AZL/CHLOR	  with	  other	  currently	  pre-‐
scribed	  combination	  antihypertensive	  medications.	  
However,	  the	  observed	  efϐicacy	  of	  the	  two	  individual	  
drug	  components	  reϐlects	  its	  potential	  as	  an	  effective	  
combination	  antihypertensive	  in	  the	  US	  market. 

 
 

RĊċĊėĊēĈĊĘ 
 

1. The	  Seventh	  Report	  of	  the	  Joint	  National	  Committee	  on	  Pre-‐
vention,	  Detection,	  Evaluation,	  and	  Treatment	  of	  High	  Blood	  
Pressure:	  the	  JNC	  7	  report. 

2. CDC.	  High	  Blood	  Pressure:	  facts	  and	  statistics.	  2011.	  <http://
www.cdc.gov/bloodpressure/facts.htm> 

3. Psaty	  BM,	  Smith	  NL,	  Siscovick	  DS,	  et	  al.	  Health	  outcomes	  asso-‐
ciated	  with	  antihypertensive	  therapies	  used	  as	  ϐirst-line	  
agents.	  A	  systematic	  review	  and	  meta-analysis.	  JAMA.	  
1997;277:739-45. 

4. Ruddy	  MC,	  Kostis	  JB.	  Angiotensin	  II	  receptor	  antagonists.	  In:	  
Oparil	  S,	  Weber	  MA,	  eds.	  Hypertension.	  Philadelphia,	  PA:	  WB	  
Saunders	  Co;	  2000:621–637. 

5. Weber	  MA,	  Julius	  S,	  Kjeldsen	  SE,	  et	  al.	  Blood	  pressure	  depend-‐
ent	  and	  independent	  effects	  of	  antihypertensive	  treatment	  on	  
clinical	  events	  in	  the	  VALUE	  trial.	  Lancet.	  2004;363:2049–

2051. 
6. Dahlo	  B,	  Devereux	  RB,	  Kjeldsen	  SE,	  et	  al.	  for	  the	  LIFE	  Study	  

Group.	  Cardiovascular	  morbidity	  and	  mortality	  in	  the	  Losar-‐
tan	  Intervention	  for	  Endpoint	  reduction	  in	  hypertension	  
study	  (LIFE):	  a	  randomized	  trial	  against	  atenolol.	  Lancet.	  
2002;359:995–1003. 

7. Ojima	  M,	  Igata	  H,	  Tanaka	  M,	  et	  al.	  In	  vitro	  antagonistic	  proper-‐
ties	  of	  a	  new	  angiotensin	  type	  1	  receptor	  blocker,	  azilsartan,	  
in	  receptor	  binding	  and	  function	  studies.	  J	  Pharmacol	  Exp	  
Ther	  2011;336:801-8.	  DOI10.1124/jpet.110.176636 

8. Clinical	  Pharmacology	  database. 
9. Lexi-comp	  database. 
10. Edarbyclor	  [package	  insert].	  Deerϐield,	  IL:	  Takeda	  Pharmaceu-‐

ticals	  America	  Inc,	  2011. 
11. Global	  Investigator’s	  Brochure:	  TAK-491	  Azilsartan	  Medox-‐

omil,	  Edition	  6.0.	  Deerϐield,	  IL:	  Takeda	  Global	  Research	  &	  De-‐
velopment	  Center,	  Inc.;	  2009. 

12. White	  WB,	  Weber	  MA,	  Sica	  D,	  et	  al.	  Effects	  of	  the	  angiotensin	  
receptor	  blocker	  azilsartan	  medoxomil	  versus	  olmesartan	  and	  
valsartan	  on	  ambulatory	  and	  clinic	  blood	  pressure	  in	  patients	  
with	  stages	  1	  and	  2	  hypertension.	  Hypertension	  2011;57:413-
20. 

13. Bakris	  GL,	  Sica	  D,	  Weber	  M,	  et	  al.	  The	  comparative	  effects	  of	  
azilsartan	  medoxomil	  and	  olmesartan	  on	  ambulatory	  and	  
clinic	  blood	  pressure.	  J	  Clin	  Hypertens	  (Greenwich)	  
2011;13:81-8. 

14. Sica	  D,	  White	  WB,	  Weber	  MA,	  et	  al.	  Comparison	  of	  the	  novel	  
angiotensin	  II	  receptor	  blocker	  azilsartan	  medoxomil	  vs	  
valsartan	  by	  ambulatory	  blood	  pressure	  monitoring.	  J	  Clin	  
Hypertens	  (Greenwich)	  2011;	  13:467-72. 

15. The	  ALLHAT	  Collaborative	  Research	  Group.	  Major	  cardiovas-‐
cular	  events	  in	  hypertensive	  patients	  randomized	  to	  dox-‐
azosin	  vs	  chlorthalidone:	  the	  antihypertensive	  and	  lipid-
lowering	  treatment	  to	  prevent	  heart	  attack	  trial	  (ALLHAT).	  
ALLHAT	  Collaborative	  Research	  Group.	  JAMA	  2002;283:1967-
1975. 

16. Neaton	  JD,	  Grimm	  RH	  Jr,	  Prineas	  RJ,	  et	  al.	  Treatment	  of	  mild	  
hypertension	  study:	  ϐinal	  results:	  Treatment	  of	  Mild	  Hyper-‐
tension	  Study	  Research	  Group.	  JAMA.	  1993;270:713-724. 

17. Grimm	  RH	  Jr,	  Margolis	  KL,	  Papademetriou	  V,	  et	  al.	  Baseline	  
characteristics	  of	  participants	  in	  the	  Antihypertensive	  and	  
Lipid-Lowering	  Treatment	  to	  Prevent	  Heart	  Attack	  Trial	  
(ALLHAT).	  Hypertension.	  2001;	  37:19-27. 

18. Kostis	  JB,	  Cabrera	  J,	  Cheng	  JQ,	  et	  al.	  Association	  between	  
chlorthalidone	  treatment	  of	  systolic	  hypertension	  and	  long-
term	  survival.	  JAMA.	  2011	  Dec	  21;306(23):2588-93 

19. Carter	  BL,	  Ernst	  ME,	  Cohen	  JD.	  Hydrochlorothiazide	  vs	  chlor-‐
thalidone:	  evidence	  supporting	  their	  interchangeability.	  Hy-‐
pertension.	  2004	  Jan;43(1):4-9 

20. SHEP	  Cooperative	  Research	  Group.	  Prevention	  of	  stroke	  by	  
antihypertensive	  drug	  treatment	  in	  older	  persons	  with	  isolat-‐
ed	  systolic	  hypertension:	  ϐinal	  results	  of	  the	  Systolic	  Hyper-‐
tension	  in	  the	  Elderly	  Program	  (SHEP).	  JAMA.	  1991;265
(24):3255-3264. 

21. Mortality	  after	  10.5	  years	  for	  hypertensive	  participants	  in	  the	  

Table  7    |    Studied  Drug  Interactions  of  Azilsartan 
  InteracƟng  drug Effect RecommendaƟon 

Azilsartan   

Amlodipine,  antacids,  chlorthalidone,  di-‐
goxin,  fluconazole,  glyburide,  ketocona-‐
zole,  meƞormin,  pioglitazone,  warfarin 

No  clinically  significant  DDI May  be  used  concomitantly 

NSAID Reversible  deterioraƟon  of  renal  
funcƟon,  possibly  acute  renal  failure 

Monitor  paƟent  periodically 

BUN=blood  urea  nitrogen;  DDI=drug-drug  interacƟons;  NSAID=non-steroidal  anƟ-inflammatory  drug 
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CLINICAL TRIAL UPDATE 

Twice daily exenatide vs. glimepiride in patients failing 
metformin1— Guidelines recommend metformin as first-
line therapy for patients diagnosed with Type 2 diabetes 
mellitus (T2DM) due to it’s favorable side effect profile 
and unequivocal efficacy. However, the choice of add-on 
therapy  in patients not attaining A1c goals with metfor-
min alone is less clear.  Addition of a sulfonylurea or 
basal insulin is considered a well-validated option with 
addition of a thiazolidinedione, glucagon-like peptide-1 
(GLP-1) agonist, or dipeptidyl peptidase IV (DPP-IV) 
inhibitor representing viable options, albeit less validat-
ed.2 

Gallwitz et al. randomized T2DM patients who had 
not achieved A1c goals with metformin monotherapy to 
open-label exenatide twice daily or glimepiride daily to 
determine if exenatide was non-inferior to glimperide.1 
Patients were aged 18-85 years, had a body mass index 
(BMI) of 25-40 kg/m2, and had an A1c between 6.5-9%.  
Exenatide (n=490) was started at 5 mcg twice daily, 30-60 
minutes before meals, and titrated to 10 mcg twice daily 
after 4 weeks; glimepiride (n=487) was started at 1 mg 
per day before breakfast and titrated at  4 week intervals 
to the maximum tolerated dose. Randomization was 
stratified by baseline A1c with categories for A1c of < 
7.3%, 7.3-8.2%, and < 8.2%; over 50% of patients had a 
baseline A1c < 7.3% while only approximately 13% had 
an A1c > 8.2%.  

Participants were enrolled at 128 centers in 14 coun-
tries, most of which were European. The mean age of 
participants was 56 years, 54% were male, 92% were 
white, and the mean duration of T2DM was approxi-
mately 5.5 years with about 2 years of metformin treat-
ment prior to enrollment. The mean BMI was 32 kg/m2 
and the mean A1c was 7.5%. 

The primary outcome was time to inadequate glyce-
mic control, defined as an A1c > 9% after the first 3 
months of treatment or more than 7% at two consecutive 
visits 3 months apart after the first 6 months of treat-
ment. Exenatide non-inferiority  was declared if the 
97.5% confidence interval (CI) did not cross 1.25; testing 
for superiority followed if non-inferiority was met.  The 
mean (standard deviation [SD]) exenatide dose attained 
was 17.35 (4.07) mcg per day compared to 2.01 (1.02) 
mg per day of glimepiride; the average treatment time 
was about 2 years. 

The primary outcome was reached in 203 subjects in 
the exenatide group (41%) compared to 262 (54%) in the 

glimepiride group (hazard ratio [HR] 0.748) meeting non
-inferiority criteria and also superiority criteria (95% CI 
0.623-0.899; p=0.002). Significantly more patients 
achieved an A1c of < 7% (p < 0.001) and 6.5% (p=0.001)
with exenatide vs. glimepiride. Bodyweight decreased by 
an average of 3.32 kg (SD: 5.45 kg) in the exenatide 
group compared to a 1.15 kg (SD: 4.18) increase in the 
glimepiride group.  

Significantly more cases of hypoglycemia were re-
ported with glimepiride compared to exenatide while 
significantly more patients discontinued study treatment 
with exenatide due to adverse effects (AEs) compared to 
glimepiride (49 vs. 17, respectively; p=0.01); after 6 
months discontinuation rates due to AEs were not differ-
ent between groups. Nausea was the most commonly 
occurring  AE with exenatide occurring in 29% of pa-
tients; nasopharyngitis, diarrhea, headache, influenza, 
and back pain were also reported by > 10% of exenatide 
patients.  The most commonly reported AE in the 
glimepiride group was nasopharyngitis (18%) followed by 
back pain (11%) and headache (9%).  

Potential limitations include the relatively low dose of 
glimepiride utilized, large proportion of patients with a 
baseline A1c < 7.3%, open-label design, and lack of eth-
nic diversity.   

For patients failing metformin monotherapy twice 
daily exenatide may represent a viable add-on therapy to 
achieve A1c goals. 
1. Gallwitz B, Guzman J, Dotta F, et al. Lancet 2012;379:227

-78. 
2. Nathan, DM, Buse JB, Davidson MB, et al. Diabetes 

Care 2009;32:193-203. 
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