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ABSTRACT

BACKGROUND: Immunosuppressive medication therapy after organ trans-
plantation is essential for preventing transplant rejection and minimizing 
the need for re-transplantations. Nonadherence to immunosuppressant 
therapy has been identified as a major risk factor for acute complications 
and allograft rejection, as well as late graft rejection, and a return to dialy-
sis after failed renal transplantation, leading to an increase in health care 
costs and potentially even death.

OBJECTIVE: To evaluate clinical and economic outcomes of a mandatory 
transplant specialty pharmacy program implemented for the membership of 
a national commercial health plan for post-renal transplantation patients, 
as compared with membership using traditional retail pharmacy services. 
This program was delivered by a designated specialty pharmacy, which met 
requirements for contracted rates and provision of clinical programs and 
services.

METHODS: The study is a 1-year retrospective claims analysis after the 
implementation of a transplant specialty pharmacy program that, in addi-
tion to medication dispensing, includes adherence and clinical manage-
ment programs, patient education, and counseling services provided by 
transplant pharmacology experts. Renal transplant patients using the 
specialty pharmacy program were matched to those using retail pharma-
cies utilizing a propensity score-matching technique based on logistic 
regression. Primary outcomes were financial, which included pharmacy 
medication costs, medical inpatient and outpatient costs, and overall health 
care costs. Patient adherence to transplant medication therapy and health 
care resource utilization were also evaluated. One-year outcomes post-
specialty pharmacy program implementation were compared between the 
two groups with t-tests for continuous variables and chi-square tests for 
nominal variables.

RESULTS: After propensity score matching, 519 patients were identified 
per group for analysis. Baseline parameters were similar between the 
two groups. The mean total health care cost during 1 year of follow-up 
was 13% lower in the specialty pharmacy program group ($24,315 vs. 
$27,891, P = 0.03). Similarly, the mean transplant-related medical cost was 
30% lower in the specialty pharmacy program group ($5,960 vs. $8,486; 
P = 0.04), with lower cost, although not statistically significant, in both the 
dialysis-related and the nondialysis-related costs. The transplant-related 
office visit costs ($395 vs. $555; P = 0.04) were significantly lower for the 
specialty pharmacy program cohort, while the inpatient and outpatient 
transplant-related costs were lower but not statistically significant in the 
specialty program. The weighted medication procession ratio (MPR) was 
higher (0.87 vs. 0.83; P < 0.0001); the number of patients with a medication 
gap or who discontinued was lower (65 vs. 142; P < 0.0001) in the specialty 
pharmacy program members than in the retail pharmacy members.

CONCLUSIONS: This specialty pharmacy program is associated with lower 
transplant-related medical costs and lower overall health care costs, as 

RESEARCH

well as higher transplant medication adherence within the first year of 
evaluation. The positive impact of health plan program design and coordi-
nated care and oversight by transplant pharmacology experts in a specialty 
pharmacy program has implications for the current health care reform and 
requires more research. 
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•	Medication	 nonadherence	 in	 the	 transplant	 population	 ranges	
from	 20%-70%,	 depending	 on	 differences	 in	 measurement	
method	utilized	 and	 study	 populations.	 Reasons	 for	 nonadher-
ence	include	patient-related	components	such	as	misunderstand-
ing	 the	 importance	 of	 immunosuppressive	 therapy	 or	 how	 to	
take	 the	 medication	 regimen,	 forgetfulness,	 lack	 of	 communi-
cation	 and	 follow-up	 with	 the	 medical	 team,	 and	 depression.	
Medication-related	components	of	nonadherence	include	a	high	
pill	burden,	high	frequency	and	severity	of	drug	interactions,	and	
adverse	 effects.	 Complications	 due	 to	 nonadherence	 can	 result	
in	 increased	physician	visits	 and	 inpatient	hospitalization	 stays	
and,	 in	 cases	 of	 kidney	 transplantation	 failures,	 re-initiation	of	
dialysis,	all	culminating	in	increased	overall	health	care	costs.

•	Specialty	pharmacies	 aim	 to	 reduce	variability	 in	pharmaceuti-
cal	 care	 delivery,	 improve	 appropriate	 medication	 use	 and	 the	
quality	of	care,	and	manage	adverse	effects	that	are	inherent	with	
transplant	 pharmacotherapy.	 Specialty	 pharmacies,	 in	 addition	
to	providing	basic	dispensing	and	counseling	services,	may	use	
specialty-trained	nurses	 and	pharmacists	 to	 continually	 engage	
and	 educate	 transplant	 recipients	 on	 strategies	 to	 improve	 the	
success	of	their	therapies	and	patency	of	their	transplanted	grafts.	
Studies	in	Medicare	and	in	tertiary	care	institution-based	trans-
plant	specialty	pharmacy	programs	indicate	that	patient	educa-
tion,	 adherence	 oversight,	 and	 clinical	 management	 services	
positively	influence	medication	adherence,	total	health	care	costs,	
and	 patients’	 quality	 of	 life.	 In	 one	 study	 by	 Chisholm-Burns	
(2008),	patients	at	a	tertiary	care	institution	after	1	year	of	follow-
up	with	 clinical	pharmacy	 services	 versus	 control	 group	had	 a	
higher	mean	adherence	rate	compared	with	those	in	the	control	
group	(96.1%	vs.	81.6%;	P <	0.001).	Additionally,	they	had	a	mean	
total	cost	of	$2,614	less	per	patient	than	the	control	group.	

What is already known about this subject
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Immunosuppressive	 medication	 therapy	 after	 organ	 trans-
plantation	 is	 essential	 for	 preventing	 transplant	 rejection.	
Adherence	to	oral	immunosuppressive	therapy	is	crucial	for	

the	success	of	maintaining	the	transplanted	graft.	Prompt	man-
agement	of	complications	and	mitigation	of	transplant	medica-
tion	adverse	events	are	critical	 to	ensure	that	patients	remain	
adherent	 to	 their	 transplant	medications.	Unfortunately,	non-
adherence	 to	 immunosuppressive	 therapy	 has	 been	 reported	
in	20%-70%	of	 the	 transplant	 population;	 this	wide	 range	 is	
based	on	variation	 in	adherence	measures	and	study	popula-
tions.1-7	Nonadherence	rates	with	immunosuppressive	therapy	
increase	 over	 time	 since	 the	 transplant	 occurred.8	 Reasons	
for	nonadherence	 include	such	patient-related	components	as	
understanding	the	need	for	immunosuppressive	therapy,	mis-
understanding	 of	 the	medication	 regimen,	 forgetfulness,	 lack	
of	communication	and	 follow-up	with	 the	medical	 team,	and	
depression.	 Medication-related	 components	 of	 nonadherence	
include	a	high	pill	burden,	high	frequency	and	severity	of	drug	
interactions,	and	adverse	effects.1,2,9,10

Nonadherence	has	been	identified	as	a	major	risk	factor	for	
acute	complications	and	allograft	 rejection,	as	well	as	 for	 late	
graft	 rejection,	complications,	and	even	death.	Complications	
due	 to	 nonadherence	 can	 result	 in	 increased	physician	 visits	
and	 inpatient	 hospitalization	 stays	 and,	 in	 cases	 of	 kidney	
transplantation	 failures,	 re-initiation	of	dialysis,	 all	 culminat-
ing	in	increased	overall	health	care	costs.11-15

Immunosuppressant	 therapy	 is	 costly,	 with	 an	 annual	
medication	 regimen	 expense	 of	 approximately	 $30,000	 dur-
ing	the	first	year	after	transplantation	and	$15,000	every	year	
thereafter.16,17	 In	 order	 to	 improve	 quality	 of	 care	 and	 pos-
sibly	 reduce	 overall	 medical	 costs,	 health	 plans	 are	 looking	
increasingly	to	specialty	pharmacy	programs	and/or	specialty	
pharmacies	 to	address	 the	challenges	of	managing	transplant	
patients	 taking	 oral	 immunosuppressive	 therapy.	 Specialty	
pharmacies	 aim	 to	 reduce	 variability	 in	 pharmaceutical	 care	
delivery,	improve	appropriate	medication	use	and	the	quality	of	
care,	and	manage	adverse	effects	that	are	inherent	with	trans-
plant	pharmacotherapy.1	 Specialty	pharmacies,	 in	addition	 to	
providing	basic	dispensing	and	counseling	 services,	may	use	
specialty-trained	nurses	and	pharmacists	to	continually	engage	
and	educate	transplant	recipients	on	strategies	to	improve	the	

•	We	 compared	 the	 effectiveness	 of	 a	 transplant	 specialty	 phar-
macy	program	 implemented	by	 a	 large	 commercial	health	plan	
through	a	designated	specialty	pharmacy	 to	 improve	post-renal	
transplant	care	as	compared	with	services	through	retail	pharma-
cies	 in	a	 similar	population.	The	mean	 total	cost	per	patient	 in	
the	first	year	of	follow-up	was	13%	lower	in	the	specialty	phar-
macy	program	group	 ($24,315	vs.	 $27,891,	difference	=	-$3,576;	
P =	0.03).	Similarly,	the	mean	transplant-related	medical	cost	was	
30%	lower	in	the	specialty	pharmacy	program	group	($5,960	vs.	
$8,486,	difference	=	-$2,525;	P =	0.04).

•	The	weighted	MPR	for	oral	immunosuppressive	therapy	medica-
tions	 was	 higher	 in	 the	 specialty	 pharmacy	 program	members	
than	in	the	retail	pharmacy	members	(0.87	vs.	0.83,	respectively;	
P <	0.0001).	 The	 weighted	 MPR	 is	 an	 innovative	 approach	 to	
measuring	adherence	and	takes	into	account	therapy	augmenta-
tion,	switching,	and	concomitant	use	of	medications.	The	mean	
number	 of	 oral	 transplant	 prescriptions	 dispensed	 per	 patient	
was	 higher	 in	 the	 specialty	 pharmacy	 program	 group	 than	 in	
the	 retail	pharmacy	group	 (18.67	vs.	17.90,	 respectively;	differ-
ence	=	0.77;	P < 0.05). 

•	Both	 nondialysis-related	 costs	 ($5,232	 vs.	 $6,739;	P =	0.10)	 and	
dialysis-related	costs	($728	vs.	$1,747;	P =	0.08)	were	nonsignifi-
cantly	lower	in	the	specialty	group.	Additionally,	dialysis-related	

What this study adds

•	Specialty	pharmacy	care	management	programs	have	also	shown	
positive	 outcomes	 in	multiple	 sclerosis	 (MS),	 human	 immuno-
deficiency	 virus	 (HIV)/acquired	 immunodeficiency	 syndrome	
(AIDS),	 oral	 oncology,	 and	 rheumatoid	 arthritis	 (RA)	 patients.	
In	 patients	 with	 MS,	 specialty	 pharmacy	 services,	 including	 a	
disease	 therapy	 management	 program,	 improved	 medication	
adherence	 and	 persistence	 among	 participants	 compared	 with	
patients	 being	 serviced	 in	 a	 nonspecialty	 pharmacy	 setting.	 In	
patients	with	HIV/AIDS,	specialty	pharmacies	have	documented	
adherence	 improvements	 measured	 as	 the	 mean	 proportion	 of	
days	 covered	 (PDC;	 74.1%	 specialty	 pharmacy	 vs.	 69.2%	 retail	
pharmacy;	 P <	0.0001).	 In	 oncology	 patients,	 patients	 in	 the	
specialty	 pharmacy	 group	were	more	 adherent	 compared	with	
patients	 in	 a	 nonspecialty	 pharmacy	 group	 as	 evidenced	 by	 a	
weighted	medication	possession	ratio	(MPR)	of	0.66	versus	0.58	
(P <	0.001).	Additionally,	the	overall	mean	total	costs	per	patient	
were	13%	lower	in	the	specialty	pharmacy	group	during	the	fol-
low-up	period.	In	RA	patients,	mean	PDC	was	documented	to	be	
higher	at	0.81	for	specialty	pharmacy	patients	versus	0.60	for	the	
community	pharmacy	patients.	In	a	separate	study	by	Barlow	et	
al.	(2012),	specialty	pharmacy	patients	with	RA	exhibited	signifi-
cantly	lower	medical	costs	over	a	period	of	3	years	versus	retail	
pharmacy	patients,	although	the	pharmacy	costs	were	higher	in	
the	specialty	groups	due	to	higher	medication	adherence.

What is already known about this subject (continued) and	nondialysis-related	medical	outcomes	during	 the	 follow-up	
were	 evaluated.	 There	was	 a	 significant	 difference	 in	 the	mean	
number	of	members	with	dialysis-related	inpatient	hospital	stays	
between	the	two	groups	(0.02	vs.	0.04;	P =	0.03),	leading	to	lower,	
although	nonsignificant,	mean	dialysis-related	inpatient	hospital	
count	 and	 mean	 dialysis-related	 inpatient	 hospital	 cost	 in	 the	
specialty	pharmacy	program	group.
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success	 of	 their	 transplant	medication	 therapies	 and	 patency	
of	 their	grafts.	Topics	may	 include	how	to	maintain	maximal	
adherence	by	developing	good	medication-taking	skills;	using	
medication	reminder	resources	such	as	charts,	alarms,	or	spe-
cial	medication	containers;	and	teaching	patients	how	to	antici-
pate	and	manage	side	effects.	The	goal	is	for	members	to	more	
actively	 engage	 in	 the	 management	 of	 their	 care.18,19	 Studies	
in	Medicare	 and	 in	 tertiary	 care	 institution-based	 transplant	
specialty	pharmacy	programs	 indicate	 that	patient	education,	
adherence	 oversight,	 and	 clinical	management	 services	 posi-
tively	influence	medication	adherence,	total	health	care	costs,	
and	patients’	quality	of	 life.1,17	However,	 little	 is	known	about	
the	costs	and	benefits	of	specialty	pharmacy	programs	in	the	
commercial	transplant	population.	Accordingly,	we	compared	
the	 effectiveness	 of	 a	 transplant	 specialty	pharmacy	program	
implemented	by	a	large	commercial	health	plan	through	a	des-
ignated	 specialty	 pharmacy	 to	 improve	 post-renal	 transplant	
care	with	the	services	provided	through	retail	pharmacies	in	a	
similar	population.

■■  Methods
Intervention
In	 August	 2007,	 UnitedHealthcare	 Pharmacy	 implemented	 a	
mandatory	 oral	 immunosuppressant	 transplant	 medication	
specialty	 pharmacy	 program	 for	 its	 commercial	 employer	
group	 plans.	 The	 program	 required	 the	 contracted	 specialty	
pharmacy	 to	provide	clinical	 expertise	and	patient	education	
in	transplant	medications	and	comorbid	conditions,	a	monthly	
proactive	 adherence	 program	 including	 refill	 reminders,	 and	
adherence	screening	and	interventions	with	the	members	and	
physicians	if	nonadherence	was	detected	through	the	interview	
of	patients’	medication-taking	habits	 at	 the	point	 of	dispens-
ing,	 using	 a	 modified	 adherence	 screening	 from	 a	 validated	
adherence	 questionnaire.20	 Additionally,	 a	 transplant	 clinical	
management	 program	 of	 telephonic	 clinical	 counseling	 ses-
sions	 was	 required	 to	 provide	 extensive	 patient	 education,	
assessment	 of	 disease-specific	 parameters,	 pharmaceutical	
care	 interventions,	 and	 provider	 outreach	 and	 referral	 to	
health	resources.	The	insurance	coverage	was	offered	through	
employers	and	consisted	of	both	self-insured	and	fully	insured	
employers.	

The	 specialty	 pharmacy	 program	 had	 requirements	 for	
contracted	 medication	 reimbursement	 rates,	 staff	 expertise,	
operational	 services,	 and	 clinical	 programs	 that	were	met	 by	
the	contracted	specialty	pharmacy.	Similar	options	for	medical	
benefits	 and	contracted	 rates	 for	medical	 services	were	 avail-
able	to	the	two	groups.	The	interventional	adherence	program	
included	reminder	calls	to	the	member	to	coordinate	medica-
tion	 refills,	 with	 assessment	 during	 the	 call	 for	 medication	
nonadherence	in	the	past	30	days	of	therapy.	If	nonadherence	
was	suspected,	clinical	counseling	with	specialty-trained	phar-
macists	was	provided	to	address	any	adherence-related	issues	

through	patient	education	and	support	strategies,	identification	
of	financial	assistance	opportunities,	and/or	engagement	with	
the	physician.	If	the	patient	did	not	refill	the	immunosuppres-
sive	therapy	medication	and	was	not	able	to	be	reached	after	3	
attempts,	the	physician	was	contacted	regarding	the	potential	
adherence	concern.

Educational	 information	about	 transplantation	and	comor-
bid	disease	states,	transplant	medications	including	side-effect	
management	tips,	and	the	importance	of	medication	adherence	
were	included	as	part	of	the	extensive	member	education	mate-
rials	 provided	 over	 the	 course	 of	 care	 through	 the	 specialty	
pharmacy.	 Additionally,	 clinical	 management	 consultation	
calls	 with	 specialty	 clinicians	 trained	 in	 transplant	 pharma-
ceutical	care	were	offered.	Consultations	were	offered	monthly	
for	the	first	3	months	and	then	approximately	every	3	months	
thereafter	 while	 the	 member	 was	 in	 the	 program	 to	 assess	
the	member’s	clinical	status	and	provide	pharmaceutical	care	
interventions	and	additional	education	as	needed.

Patients	were	advised	to	contact	their	specialty	pharmacists	
with	questions	as	needed,	and	this	support	was	available	24/7.	
When	appropriate,	the	pharmacists	engaged	in	communication	
with	the	health	care	providers	about	their	intervention	recom-
mendations	 or	 immunosuppressive	 therapy	 clinical	 concerns	
that	were	identified	in	the	consultations.	Figure	1	summarizes	
the	flow	of	interactions	between	post-renal	transplant	patients	
and	their	specialty	pharmacy	programs.	

For	 those	 employer	 groups	 that	 enrolled	 in	 the	 specialty	
pharmacy	 program,	 one	 specialty	 pharmacy	 vendor,	 meeting	
the	 above	 program	 requirements,	 was	 designated	 as	 the	 sole	
provider	of	prescriptions	 for	 the	specific	oral	 immunosuppres-
sive	therapy;	however,	patients	could	have	up	to	2	grace	fills	at	a	
network	retail	pharmacy	during	their	transition	to	the	specialty	
pharmacy.	Patients	in	employer	groups	not	enrolled	in	the	spe-
cialty	pharmacy	program	continued	to	obtain	oral	immunosup-
pressive	therapy	through	a	network	of	retail	pharmacies.	

Data and Sample Selection
The	 data	 source	 was	 an	 administrative	 claims	 database	 for	
approximately	 14	 million	 UnitedHealthcare	 enrollees.	 Data	
included	prescription	drug,	medical,	and	facility	claims	infor-
mation.	 The	 claims	 were	 de-identified	 and	 made	 to	 comply	
with	 the	 provisions	 of	 the	 Health	 Insurance	 Portability	 and	
Accountability	Act	(HIPAA)	of	1996.	

Patients	 with	 a	 history	 of	 renal	 transplantation	 during	
the	 baseline	 period	 (ICD-9-CM	 [International Classification 
of Diseases, Ninth Revision, Clinical Modification]:	 diagnosis	
code	 V42.0	 [kidney	 replaced	 by	 transplant],	 procedure	 code	
55.69	[other	kidney	transplantation];	CPT	[Current	Procedural	
Terminology]	 codes	 50360,	 50365	 [renal	 allotransplanta-
tion])	 who	 received	 pharmacy	 and	medical	 benefits	 through	
UnitedHealthcare	and	filled	1	or	more	prescriptions	for	an	oral	
transplant	study	drug	between	August	1,	2007,	and	December	
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31,	2007,	were	included	in	the	study	(see	Appendix	A	for	study	
drug	list).	In	order	to	focus	on	patients	with	consistent	progno-
sis	and	associated	costs,	we	concentrated	on	kidney	transplant	
members	 because	 the	 kidney	 is	 the	 most	 commonly	 trans-
planted	organ	and	has	more	than	a	40%	10-year	graft	survival	
rate	in	recipients	of	living	or	deceased	donations.21	During	the	
identification	 period	 post-implementation,	 each	 patient	 was	
assigned	 an	 index	 date	 (the	 first	 immunosuppressive	 drug	
prescription	fill	date)	and	an	index	drug	(the	immunosuppres-
sive	drug(s)	at	this	fill	date).	Study	patients	were	required	to	be	
continuously	enrolled	for	at	least	1	year	prior	to	the	index	date	
(baseline	period)	and	for	1	year	afterward	(follow-up	period).	
The	first	2	prescriptions	were	dropped	for	each	patient,	regard-
less	 of	 where	 they	 were	 filled,	 to	 account	 for	 the	 transition	
period	during	which	they	were	permitted	to	use	any	pharmacy.	
Each	patient	was	then	assigned	to	the	specialty	pharmacy	pro-
gram	or	to	the	retail	cohort.	

To	 account	 for	 continuity	 of	 participation,	 patients	 who	
filled	 80%	or	more	 of	 their	 oral	 transplant	 prescriptions	 from	
the	 contracted	 specialty	 pharmacy	were	 classified	 as	 specialty	
pharmacy	patients,	and	those	filling	80%	or	more	of	their	oral	
transplant	 prescriptions	 from	 retail	 pharmacies	were	 assigned	
to	the	retail	pharmacy	cohort.	Those	patients	who	did	not	meet	
either	criterion	were	omitted	from	the	study	(13%	of	the	study	
population).	 Specialty	 pharmacy	 program	 group	 participation	
and	cohort	assignment	adherence	were	also	assessed;	in	97%	of	
employer	groups,	our	assignment	 criteria	 led	 to	 assignment	of	
all	patients	within	a	given	group	to	either	a	specialty	pharmacy	
program	or	 retail	 cohort.	 In	other	words,	we	 found	variability	
in	member	cohort	assignment	within	employer	groups	 in	only	
3%	of	 employers,	 indicating	 that	 there	was	 little	 selection	bias	
due	to	patient	choice	or	employer	choice.	The	details	of	sample	
attrition	are	shown	in	Figure	2	and	are	discussed	further	in	the	
Results	section.

FIGURE 1 An Overview of Specialty Pharmacy Program Flow

Onset of the program and patient notification

Instant notification on first Rx at nondesignated pharmacy:  
The dispensing pharmacist receives online communication to  
inform the patient that the patient’s pharmacy benefit requires  

future refills to be obtained through a designated specialty  
pharmacy vendor.

Follow-up option 1: Basic regularly scheduled medication 
refill reminder/adherence calls, point of dispensing pharmacist 
consultation, and standard mailings with shipment (drug and 

pharmacy ordering information).

Letter from health plan mailed to patient followed by telephone 
call 7-9 days later: Informs the patient that his or her benefit requires 
future refills to be obtained through a designated specialty pharmacy 
vendor and provides a toll-free number for referral or warm transfer 

during call to the specialty pharmacy vendor.

Follow-up option 2: Option 1 services + Clinical  
Management Program - enhanced counseling and  

educational materials from specialty pharmacy  
nurses/pharmacists on a scheduled basis.

Specialty pharmacy nurses and pharmacists make monthly 
calls to assess patient treatment status and issues, counsel on 
medication adherence and adverse-effect management, assist 

with other transplant therapy-related issues, and interact with the 
doctor if necessary on issues or concerns. Patients may also call 
the specialty pharmacy nurses or pharmacists at other than the 

scheduled times if they have questions.

Patient enrolls into the specialty pharmacy vendor system 
and arrangements are made to transfer the prescription along 
with provision of an initial orientation to the specialty pharmacy 

services available (educational materials, member support services, 
adherence and clinical management programs).

Continued for the duration of therapy with oral transplant medications

Rx = prescription.
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Statistical Analysis
A	retrospective	matched	cohort	study	was	designed	to	compare	
differences	in	health	care	costs	and	health	services	utilization	
between	patients	with	a	medical	history	of	renal	 transplanta-
tion	who	used	the	specialty	pharmacy	program	and	those	who	
used	 retail	 pharmacies	 for	 oral	 immunosuppressive	 therapy	
medication	 services.	 The	 primary	 outcome	 measures	 were	
financial	and	 included	overall	costs	 (pharmacy	and	medical),	
total	outpatient	costs,	total	medical	costs	(inpatient,	outpatient	
hospital	and	office,	and	emergency	room	[ER]),	and	pharmacy	
costs.	 Physician,	 facility,	 and	 pharmacy	 claims	 were	 utilized	
to	collect	the	costs	and	included	paid	amount,	copay	amount,	
deductible,	 coinsurance,	 and	 for	pharmacy	ancillary	amount.	
Members	having	extreme	mean	total	costs	(values	over	popula-
tion	mean,	plus	5	standard	deviations)	were	dropped	from	the	
study	 to	 control	 for	 outlier	 impact.	 Secondary	 outcome	mea-
sures	included	clinical	resource	utilization	such	as	hospitaliza-
tions,	 inpatient	 and	 outpatient	 hospital	 visits,	 and	 ER	 visits.	
Additionally,	 transplant-specific	 total	 medical	 and	 pharmacy	
costs;	transplant-specific	resource	utilization	outcomes,	such	as	
transplant-related	 inpatient	 visits,	 outpatient	 visits,	 physician	
office	 visits,	 and	 ER	 visits;	 transplant-related	 complications;	
and	dialysis	and	nondialysis	resource	utilization	and	costs	(see	
Appendices	 A	 and	 B	 for	 specific	 transplant-related	 medical	
and	drug	codes)	were	analyzed.	Place	of	 service	 and	 revenue	
codes	were	utilized	to	determine	type	of	service	for	inpatient,	 

outpatient,	 physician	 office,	 and	 ER	 visits.	 Additionally,	 we	
evaluated	 medication	 adherence	 and	 persistence	 for	 each	
patient	 using	 5	 methods:	 (1)	 the	 number	 of	 prescriptions	
filled;	(2)	weighted	medication	possession	ratio	(MPR),	which	
has	 been	 previously	 utilized	 in	 the	 oncology	 setting22	 (see	
Appendix	 C	 for	 methodology);	 (3)	 medication	 gaps	 (MG),	
defined	as	a	period	of	at	least	60	days	without	oral	transplant	
medication	in	the	post-period	but	followed	by	a	re-initiation	of	
immunosuppressive	therapy	medication	before	the	end	of	the	
post-period;	 (4)	 discontinuation	 (DC),	 defined	 as	 any	 gap	 of	
at	 least	60	days	or	more	without	oral	 transplant	medications	
that	 is	never	 followed	by	a	re-initiation	of	 therapy	within	the	
study	 period;	 and	 (5)	 either	 an	MG	 or	 DC.	 There	 are	many	
ways	to	calculate	adherence	and	persistence,	and	we	wanted	to	
see	if	the	results	are	consistent	between	the	different	methods.	
Additionally,	all	90-day	supply	fills	(8.4%	in	the	retail	cohort)	
were	normalized	to	a	30-day	supply	for	mean	fills	comparison.

In	 order	 to	 control	 for	 unmeasured	 confounding,	 the	 
2	 cohorts	 were	 balanced	 using	 propensity	 score	 matching.	
The	 probability	 of	 being	 in	 either	 of	 the	 cohort	 groups,	 or	
propensity	 score,	 was	 derived	 from	 a	 logistic	 regression,	
which	was	 then	used	to	construct	matched	samples	 from	the	 
2	 cohorts.23-28	We	 used	 a	 one-on-one	 greedy	matching	 tech-
nique	with	3	units	matched	at	0.005	to	derive	the	propensity	
score	matched-pair	sample	and	to	reduce	bias	due	to	incomplete	
and	 inexact	matching.29	The	 logistic	 regression	used	patients’	 

FIGURE 2 Sample Size Determination 

Identification period: August 1, 2007-December 31, 2007
Total patients identified = 3,530

(3,515 excluding extreme values)

Patients who had at least 1 prescription filled other than the  
initial 2 with a positive total claims amount = 2,103

Continuously enrolled for 365 days pre- and post-index date = 2,157

Patients in specialty 
pharmacy network group  

(at least 80% oral transplant 
scripts filled in specialty network 

pharmacy) = 541 (26%)

Patients in nondesignated 
pharmacy control group  

(not more than 20% oral transplant 
scripts filled in specialty network 

pharmacy) = 1,289 (61%)

Omitted middle category = 273 (13%)

Final sample:
Before propensity score matching = 1,830

Propensity matched sample = 1,038 
(519 pairs)

http://www2.sas.com/proceedings/sugi26/p214-26.pdf
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hospitalization,	 inpatient	 and	 outpatient	 hospital	 visits,	 and	
ER	visits.	

The	 analytic	 framework	 involved	 utilizing	 t-tests	 for	 con-
tinuous	variables	and	chi-square	tests	for	categorical	variables	
to	 measure	 statistical	 differences	 between	 the	 means	 of	 the	
outcome	 measures	 in	 the	 2	 cohorts	 during	 the	 follow-up	
period.	All	outcomes	were	studied	during	the	1-year	follow-up,	
including	 transplant-related	 complications,	 dialysis	 and	 non-
dialysis	outcomes,	and	associated	costs.	The	primary	outcome	
of	 costs,	 including	 total	 costs,	 pharmacy	 costs,	 and	 medical	
costs,	were	compared	using	t-tests,	given	that	the	assumptions	
to	use	 this	 test	were	met.22,31-33	All	other	outcomes,	 including	
transplant-related	costs,	resource	utilization,	and	measures	of	
adherence	 and	 persistence,	 were	 considered	 to	 be	 secondary	 

demographics	(age,	gender,	and	geographical	location),	patients’	
baseline	costs	(medical	and	pharmacy),	an	indicator	to	reflect	
time	of	start	of	oral	transplant	agent	within	the	previous	year	
as	 a	 proxy	 for	 duration	 of	 therapy	 during	 baseline	 period,	
and	 baseline	 comorbidities	 using	 the	 Charlson	 Comorbidity	
Index,	 indicators	 for	patients	on	dual	 therapy,	and	transplant	
complications	within	the	baseline	period.	Additionally,	the	use	
of	6	separate	transplant	medications:	cyclosporine,	tacrolimus	
anhydrous,	 mycophenolate	 mofetil,	 modified	 cyclosporine,	
sirolimus,	 and	 mycophenolate	 sodium	 were	 also	 included	
in	 the	 matching	 (see	 Appendix	 C).30	 After	 matching,	 these	
primary	 factors	 were	 compared	 at	 baseline	 to	 assess	 the	
comparability	 of	 the	 2	 cohorts:	 total	 costs,	 medical	 costs,	
pharmacy	 costs,	 and	 resource	utilization	 variables,	 including	 

TABLE 1 Baseline Descriptive Statistics of Renal Transplant Patientsa 

Before Propensity Score Matching After Propensity Score Matching

Retailb Specialtyc
Difference 

(1-2) P Valued

Retailb Specialtyc
Difference 

(3-4) P Valued(1) (2) (3) (4)

N 1,289 541   519 519   
Age 50.16 49.85 0.31 0.64 49.78 49.78 0.01 0.99
Female 0.40 0.40 0.01 0.84 0.38 0.39 -0.01 0.70
Charlson	score 2.43 2.23 0.20 0.03 2.22 2.26 -0.04 0.70
New	starts:	no	baseline	transplant	Rx 0.06 0.04 0.02 0.30 0.03 0.04 0.00 0.91
First baseline transplant Rx
Quarter	1	 0.81 0.84 -0.03  0.84 0.84 0.01  
Quarter	2	 0.07 0.07 0.00  0.06 0.07 -0.01  
Quarter	3	 0.04 0.04 0.00  0.05 0.04 0.01  
Quarter	4	 0.02 0.02 0.01  0.01 0.02 0.00  

Complications	of	transplanted	organ,	kidney	
(ICD-9-CM	996.81)

0.32 0.29 0.02 0.34 0.32 0.29 0.02 0.35

Patients	on	dual	therapy 0.37 0.40 -0.03 0.29 0.41 0.39 0.03 0.38
Geographical region   <.001   0.99
New	England 0.04 0.01 0.04  0.01 0.01 0.01  
Mid	Atlantic 0.07 0.01 0.06  0.01 0.02 0.00  
East	North	Central 0.09 0.19 -0.10  0.19 0.19 0.00  
West	North	Central 0.20 0.09 0.10  0.10 0.10 0.00  
South	Atlantic 0.23 0.41 -0.18  0.41 0.41 0.00  
East	South	Central 0.02 0.05 -0.03  0.04 0.05 -0.01  
West	South	Central 0.17 0.07 0.11  0.07 0.07 0.00  
Mountain 0.09 0.12 -0.04  0.12 0.13 -0.01  
Pacific 0.08 0.04 0.04  0.04 0.04 0.00  

Index drug group   0.03   0.55
Cyclosporine 0.03 0.03 0.00  0.03 0.03 -0.01  
Tacrolimus	Anhydrous 0.19 0.20 -0.01  0.24 0.20 0.04  
Mycophenolate	Mofetil 0.46 0.47 -0.02  0.49 0.48 0.01  
Cyclosporine,	Modified 0.19 0.15 0.04  0.13 0.15 -0.02  
Sirolimus 0.07 0.04 0.02  0.03 0.05 -0.01  
Mycophenolate	Sodium 0.06 0.10 -0.03  0.08 0.09 -0.01  

aPatients with multiple transplants were excluded; all statistics are means unless otherwise specified.
bRetail Pharmacy Network.
cSpecialty Pharmacy Network.
dP values are based on chi-square tests for categorical variables and t-tests for continuous variables.
ICD-9-CM = International Classification of Diseases, Ninth Revision, Clinical Modifications; Rx = prescriptions. 
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inclusion	criteria,	2,157	patients	remained,	of	which	541	par-
ticipated	in	the	specialty	pharmacy	program.	After	subsequent	
propensity	 matching	 procedures,	 519	 patients	 remained	 in	
each	of	 the	 specialty	pharmacy	and	 retail	pharmacy	cohorts,	
with	no	statistically	significant	differences	at	 the	5%	level;	 in	
age,	gender,	geographic	distribution;	time	since	initiation	of	the	
medication;	distribution	of	oral	transplant	therapy;	oral	trans-
plant	agent	start	dates	during	baseline	using	90-day	intervals;	
and	pharmacy,	medical,	and	total	direct	health	care	costs	dur-
ing	the	baseline	period.	The	flowchart	(Figure	2)	illustrates	the	
patient	 selection	process,	 and	Tables	1	 and	2	 summarize	 the	
matching	and	baseline	evaluations.

outcomes.	The	effects	of	the	program	on	each	of	the	measures	of	 
medication	 adherence	 were	 compared	 using	 t-tests.	 All	 tests	
were	2-tailed,	with	P <	0.05	considered	statistically	significant.	
SAS	 version	 9.1	 (Carey,	 NC)	 was	 utilized	 for	 all	 statistical	
analyses.	

■■  Results
Study Cohort Characteristics
A	 total	 of	 3,515	 unique	 renal	 transplant	 patients	 who	 filled	 
1	 or	 more	 oral	 transplant	 prescriptions	 between	 August	 1,	
2007,	 and	 December	 31,	 2007,	 were	 identified	 (Figure	 2).	
After	 applying	 continuous	 enrollment	 and	 minimum	 filling	

TABLE 2 Baseline Period Health Care Cost and Utilization Measures for Renal Transplant Patientsa 

 

 

Before Propensity Score Matching After Propensity Score Matching

Retail (1)b Specialty (2)c Diff (1-2) P Value Retail (3)b Specialty (4)c Diff (3-4) P Value

N 1,289 541   519 519   
Total	cost 36,202 33,930 2,273 0.38 34,371 34,298 73 0.98
Medical	cost 23,964 21,352 2,612 0.31 21,602 21,738 -136 0.96
Transplant-related	medical	cost 17,818 15,715 2,103 0.35 16,964 15,967 997 0.72
Members.	with	ER	visits 0.36 0.32 0.04 0.14 0.36 0.32 0.04 0.17
ER	visit	count 0.76 0.83 -0.07 0.56 0.79 0.84 -0.05 0.75
ER	visit	cost 218 159 59 0.17 173 161 11.5 0.73
Members	with	transplant-related	ER	visits	 0.10 0.07 0.02 0.14 0.08 0.08 0.00 0.91
Transplant-related	ER	count	 0.12 0.10 0.02 0.36 0.09 0.10 -0.02 0.54
Transplant-related	ER	cost	 42.04 18.15 23.90 0.04 38.97 17.85 21.11 0.10
Members	with	inpatient	visits 0.31 0.30 0.01 0.59 0.30 0.31 -0.01 0.84
Inpatient	count 0.49 0.46 0.02 0.59 0.48 0.47 0.01 0.86
Inpatient	cost 9,872 9,613 259 0.85 9,982 9,726 256 0.88
Inpatient	LOS 3.07 2.68 0.38 0.31 3.14 2.75 0.39 0.37
Members	with	transplant-related	inpatient	visits	 0.36 0.34 0.02 0.54 0.35 0.35 0.00 0.91
Transplant-related	inpatient	count	 0.50 0.46 0.04 0.43 0.51 0.47 0.04 0.48
Transplant-related	inpatient	cost	 10,730 10,396 334 0.84 11,567 10,542 1,026 0.63
Transplant-related	inpatient	LOS 3.29 2.87 0.42 0.32 3.48 2.94 0.54 0.29
Members	with	outpatient	visits 0.88 0.86 0.02 0.30 0.88 0.87 0.01 0.58
Outpatient	visit	count 12.54 11.75 0.79 0.31 11.33 11.98 -0.65 0.46
Outpatient	visit	cost 9,628 8,158 1,470 0.30 8,096 8,373 -277 0.86
Members	with	transplant-related	outpatient	visits 0.81 0.80 0.02 0.60 0.82 0.81 0.01 0.69
Transplant-related	outpatient	visit	count	 6.31 5.43 0.88 0.07 5.70 5.51 0.19 0.71
Transplant-related	outpatient	visit	cost	 5,734 4,375 1,359 0.15 4,485 4,482 2.77 1.00
Members	with	office	visits 0.99 0.99 0.00 0.94 0.99 0.99 0.00 0.70
Office	visit	count 16.94 15.01 1.92 0.01 15.48 15.10 0.39 0.64
Office	visit	cost 2,664 2,060 604 0.04 2,171 2,093 77.78 0.77
Members	with	transplant-related	office	visits	 0.92 0.92 0.00 0.99 0.90 0.92 -0.02 0.46
Transplant-related	office	visit	count	 5.20 4.22 0.98 0.00 4.36 4.19 0.17 0.55
Transplant-related	office	visit	cost	 668 435 233 0.01 484 440 43.78 0.62
Rx	count 66.30 66.81 -0.51 0.80 64.55 66.75 -2.21 0.35
Rx	cost 12,239 12,577 -339 0.39 12,769 12,559 209 0.65
Transplant-related	Rx	count	 12.64 13.53 -0.90 0.04 13.27 13.44 -0.18 0.74
Transplant-related	Rx	cost	 7,289 8,012 -723 0.01 7,960 7,920 39 0.90
aPatients with multiple transplants were excluded; all statistics are means unless otherwise specified.
bRetail Pharmacy Network.
cSpecialty Pharmacy Network.
Diff = difference; ER = emergency room; LOS = length of stay; Rx = prescription.
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There	 were	 statistically	 significant	 differences	 between	 the	 
2	 groups	 for	 the	 primary	 outcome	 measure	 and	 the	 total	
health	care	costs	(the	sum	of	pharmacy,	outpatient,	and	inpa-
tient	 medical	 costs).	 The	 mean	 total	 cost	 per	 patient	 in	 the	

Comparison in the Follow-Up Period 
The	 comparison	 of	 follow-up	 costs,	 health	 care	 utilization	
measures,	 and	weighted	MPR	between	 the	matched	 specialty	
pharmacy	program	and	 retail	 cohort	 is	presented	 in	Table	3.	

TABLE 3 Follow-Up Period Health Care Outcomes of Propensity Score Matched Sample  
of Renal Transplant Patientsa 

Retail Pharmacy Specialty Pharmacy Difference in 
Means P ValueMean SD Mean SD

N 519.00  519.00    
Weighted	MPR 0.83 0.20 0.87 0.15 -0.04 <.0001
Medication	gap	(MG)b 0.10 0.06 0.04 0.006

[MG-(N)] [53] [29]
Discontinuation	(DC)c 0.20 0.08 0.12 <.0001

[DC-(N)] [104] [39]
MG	and/or	DC 0.27 0.13 0.15 <.0001

[MG and/or DC-(N)] [142]  [65]    
Total	cost 27,891 30,713 24,315 22,747 3,576 0.03
Medical	cost 13,194 27,945 10,605 20,144 2,589 0.09
Transplant-related	medical	cost 8,486 23,682 5,960 15,565 2,525 0.04
Nondialysis	related 6,739 744 5,232 515 1,507 0.10
Dialysis	related 1,747 511 728 279 1,019 0.08

Members	with	ER	visits 0.34 0.33 0.01 0.79
ER	visit	count 0.72 1.77 0.90 2.49 -0.18 0.18
ER	visit	cost 166 628 153 444 14 0.69
Members	with	transplant-related	ER	visits	 0.08 0.08 0.01 0.73
Transplant-related	ER	count	 0.10 0.38 0.11 0.45 -0.01 0.71
Transplant-related	ER	cost	 20.75 114.20 21.80 142.10 -1.05 0.90
Members	with	inpatient	visits 0.21 0.21 0.00 1.00
Inpatient	count 0.33 0.78 0.34 0.89 -0.01 0.88
Inpatient	cost 4,529 15,978 3,156 10,623 1,373 0.10
Inpatient	LOS 2.24 7.22 1.90 6.28 0.34 0.42
Members	with	transplant-related	inpatient	visits	 0.24 0.22 0.02 0.56
Transplant-related	inpatient	count	 0.36 0.92 0.34 0.93 0.01 0.81
Transplant-related	inpatient	cost	 4,771 17,446 3,117 11,991 1,654 0.08
Transplant-related	inpatient	LOS 2.44 8.37 2.02 8.03 0.42 0.41
Members	with	outpatient	visits 0.85 0.83 0.02 0.40
Outpatient	visit	count 9.85 11.85 10.45 15.10 -0.61 0.47
Outpatient	visit	cost 5,037 11,951 4,178 8,821 859 0.19
Members	with	transplant-related	outpatient	visits 0.71 0.71 0.00 0.95
Transplant-related	outpatient	visit	count	 4.62 6.79 4.53 8.06 0.09 0.84
Transplant-related	outpatient	visit	cost	 2,837 9,441 2,050 5,712 787 0.10
Members	with	office	visits 0.98 0.99 0.00 0.59
Office	visit	count 14.60 13.34 14.85 13.62 -0.25 0.76
Office	visit	cost 2,330 5,613 2,029 4,091 301 0.32
Members	with	transplant-related	office	visits	 0.89 0.90 0.00 0.85
Transplant-related	office	visit	count	 4.36 5.95 3.91 4.25 0.45 0.16
Transplant-related	office	visit	cost	 555 1,538 395 952 160 0.04
Rx	count 67.20 37.51 72.37 37.40 -5.17 0.03
Rx	cost 14,697 8,565 13,710 7,305 987 0.05
Transplant-related	Rx	count	 17.90 6.61 18.67 6.13 -0.77 0.05
Transplant-related	Rx	cost	 9,991 5,754 9,244 5,525 747 0.03
aStatistics are means unless otherwise stated.
bMG = Gap of 60 days or more between run-out date of an Rx and fill date of subsequent Rx.
cDC = Gap of 60 days or more between run-out date of last Rx and end of follow-up period. 
ER = emergency room; LOS   = length of stay; MPR = medication possession ratio; Rx = prescription; SD = standard deviation.
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Dialysis-related	 and	 nondialysis-related	 medical	 outcomes	
during	the	follow-up	were	also	evaluated.	There	was	a	significant	
difference	in	the	mean	number	of	members	with	dialysis-related	
inpatient	hospital	stays	between	the	two	groups	(0.02	vs.	0.04,	
P =	0.03),	 leading	 to	 lower,	although	nonsignificant,	mean	dial-
ysis-related	 inpatient	 hospital	 count	 and	mean	 dialysis-related	
inpatient	 hospital	 costs	 in	 the	 specialty	 cohort.	 Outpatient	
resource	utilization	related	to	dialysis	also	trended	lower	in	the	
specialty	 group	 (see	 Table	 4	 for	 details).	 Transplant	 complica-
tions	were	 also	 evaluated,	 and	 no	 significant	 differences	 were	
found	between	the	two	groups	during	the	follow-up	period.	

■■  Discussion
As	we	expand	coverage	to	patients	in	the	United	States	while	
attempting	to	contain	costs,	it	is	essential	to	identify	approaches	
that	can	improve	quality	while	reducing	the	overall	cost	of	care,	
especially	in	the	commercial	patient	population.	Studies	have	
indicated	positive	outcomes	in	patients	with	multiple	sclerosis	
(MS),	human	 immunodeficiency	 virus	 (HIV)/acquired	 immu-
nodeficiency	syndrome	(AIDS),	oral	oncology,	and	rheumatoid	
arthritis	 (RA)	 using	 specialty	 pharmacy	 services.	 In	 patients	
with	MS,	specialty	services,	including	a	disease	therapy	man-
agement	program	(DTM),	improved	medication	adherence	and	
persistence	among	participants	compared	with	patients	being	
followed	 in	a	nonspecialty	setting.	Medication	adherence	was	
improved	in	the	settings	of	specialty	pharmacy	services	alone	

first	follow-up	year	was	13%	lower	in	the	specialty	pharmacy	 
program	 group	 ($24,315	 vs.	 $27,891,	 difference	=	-$3,576;	
P =	0.03).	 Similarly,	 the	 mean	 transplant-related	 medical	 cost	
was	 30%	 lower	 in	 the	 specialty	 pharmacy	 program	 group	
($5,960	vs.	$8,486,	difference	=	-$2,525;	P =	0.04).	Both	nondi-
alysis-related	 costs	 ($5,232	 vs.	 $6,739;	P =	0.10)	 and	 dialysis-
related	 costs	 ($728	 vs.	 $1,747;	 P =	0.08)	 were	 lower	 in	 the	
specialty	 group,	 even	 though	 statistical	 significance	 was	 not	
reached.	 The	 mean	 number	 of	 oral	 transplant	 prescriptions	
dispensed	 per	 patient	 was	 higher	 in	 the	 specialty	 pharmacy	
program	group	 than	 in	 the	 retail	 pharmacy	group	 (18.67	vs.	
17.90,	 respectively;	 difference	=		 -0.77;	 P <	0.05).	 Among	 sec-
ondary	 outcome	 measures,	 except	 for	 the	 mean	 transplant-
related	 office	 visit	 cost	 (difference	=	$160;	 P =	0.04)	 that	 was	
significantly	lower	in	the	specialty	cohort,	all	other	parameters	
were	not	significantly	different	between	the	two	groups.	

The	 weighted	 MPR	 for	 oral	 immunosuppressive	 therapy	
medications	 was	 higher	 in	 the	 specialty	 pharmacy	 program	
members	than	in	the	retail	pharmacy	members	(0.87	vs.	0.83,	
respectively;	P <	0.0001).	The	number	of	members	with	an	MG	
was	lower	in	the	specialty	group	than	in	the	retail	group	(29	vs.	
53,	respectively;	P =	0.006).	In	addition,	39	patients	in	the	spe-
cialty	cohort	discontinued	the	drug,	compared	with	104	patients	
in	the	retail	cohort	(P <	0.0001),	and	65	patients	in	the	specialty	
pharmacy	 cohort	 experienced	 either	 a	 gap	or	discontinuation,	
compared	with	142	patients	in	the	retail	cohort	(P < 0.0001).

TABLE 4 Follow-Up Period Dialysis- and Nondialysis-Related Medical Outcomes

Retail Pharmacy Specialty Pharmacy Difference  
in Means P ValueMean SD Mean SD

N 519  519    
Members	with	dialysis-related	ER	visit 0.01 0.002 0.01 0.15
Dialysis-related	ER	visit	count 0.01 0.09 0.002 0.04 0.01 0.18
Dialysis-related	ER	visit	cost 3.12 41.29 0.005 0.11 3.12 0.09
Members	with	nondialysis-related	ER	visit 0.07 0.07 0.00 1.00
Nondialysis-related	ER	visit	count 0.09 0.37 0.10 0.45 -0.02 0.55
Nondialysis-related	ER	visit	cost 17.63 106.40 21.80 142.10 -4.17 0.59
Members	with	dialysis-related	inpatient	hospital	stay 0.04 0.02 0.02 0.05
Dialysis-related	inpatient	hospital	count 0.05 0.34 0.03 0.24 0.03 0.14
Dialysis-related	inpatient	hospital	cost 595 4,540 289 3,909 306 0.24
Dialysis-related	inpatient	hospital	length	of	stay 0.37 2.65 0.35 3.50 0.02 0.91
Members	with	nondialysis-related	inpatient	hospital	stay 0.20 0.21 0.00 0.88
Nondialysis-related	inpatient	hospital	count 0.30 0.71 0.32 0.81 -0.01 0.78
Nondialysis-related	inpatient	hospital	cost 4,176 15,245 2,828 9,740 1,348 0.09
Nondialysis-related	inpatient	hospital	length	of	stay 2.07 6.92 1.67 5.34 0.40 0.30
Members	with	dialysis-related	outpatient	hospital	visit 0.05 0.04 0.01 0.54
Dialysis-related	outpatient	hospital	visit	count 0.40 2.80 0.26 2.92 0.14 0.43
Dialysis-related	outpatient	hospital	visit	cost 1,075 7,824 414 3,286 661 0.08
Members	with	nondialysis-related	outpatient	hospital	visit 0.66 0.67 -0.01 0.74
Nondialysis-related	outpatient	hospital	visit	count 4.23 6.17 4.27 6.97 -0.05 0.91
Nondialysis-related	outpatient	hospital	visit	cost 1,763 4,142 1,636 3,994 126 0.62

ER = emergency room; SD = standard deviation.
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related	 improvements	 in	 quality	 of	 care.	 There	 are	 several	
possibilities	 as	 to	 why	 patients	 may	 have	 exhibited	 greater	
medication	adherence	in	the	specialty	pharmacy	arm.	Specialty	
pharmacies	 improve	 education	 regarding	 medications,	 pro-
vide	 frequent	 reminders	 to	 take	 prescribed	 therapies,	 deliver	
positive	 reinforcements	 from	 a	 care	 manager,	 and	 provide	
directed	management	of	 expected	adverse	medication	effects.	
Additionally,	 members	 in	 the	 specialty	 pharmacy	 program	
only	receive	a	30-day	supply	of	medication	at	each	fill	versus	a	
90-day	supply,	which	is	normal	for	many	chronic	conditions.	

Other	 possible	 explanations	 for	 better	 medication	 adher-
ence	in	the	specialty	pharmacy	group	include	better	and	earlier	
management	of	 adverse	 events	 and	 comorbid	 conditions	 that	
may	occur	in	the	presence	of	systemic	immunosuppression.	In	
the	specialty	pharmacy	group,	patients	are	actively	managed	by	
clinical	pharmacists	who	are	trained	to	identify	and	remediate	
medication	 adverse	 effects	 as	 they	 occur	 in	 order	 to	 reduce	
rates	and	complexity	of	inpatient,	outpatient,	and	office	visits	
for	these	complaints,	resulting	in	potentially	reduced	medical	
costs	 for	 these	patients.	Although	not	significant,	 there	was	a	
decreased	number	of	inpatient	visits	and	length	of	stays,	as	well	
as	 a	 lower	number	of	 transplant-related	outpatient	 and	office	
visits,	all	of	which	led	to	significant	decreases	in	overall	medi-
cal	costs	and	transplant-related	medical	costs.	The	educational	
component	of	specialty	pharmacy	care	and	the	24/7	availability	
of	a	specialty-trained	clinical	pharmacist	in	combination	with	a	
highly	responsive	case	management	team	may	play	an	impor-
tant	role	in	improving	health	care	efficiency.

Limitations
There	 are	 several	 important	 limitations	 to	 this	 study.	
Confounding	may	have	resulted	from	selection	bias,	as	patients	
or	employers	may	have	self-selected	into	either	the	specialty	or	
retail	 pharmacy	 benefit	 programs.	 Approximately	 13%	 of	 the	
possible	sample	was	omitted	from	the	analytic	dataset	because	
these	patients	did	not	 fill	 80%	of	 their	prescriptions	 at	 either	
retail	 or	 specialty	 pharmacies.	 Of	 this	 13%,	 further	 analysis	
revealed	 that	 approximately	 90%	 of	 the	 omitted	 population	
had	their	first	script	filled	at	the	contracted	pharmacy	at	 least	
90	days	after	the	index	date;	75%	of	them	filled	in	the	second	
or	third	quarter,	meaning	they	were	new	patients	who	started	
later	within	the	study	period	and	may	have	been	covered	within	
their	medical	benefit	plans	prior	to	the	change.	There	are	several	
possibilities	as	 to	why	patients	may	have	 filled	 their	prescrip-
tions	 through	 both	 channels	 for	 longer	 periods	 of	 time.	 The	
most	likely	possibility	is	that	self-insured	employers	may	have	
changed	 their	 preferred	 pharmacy	 outlets	 during	 the	 course	
of	 the	 study	 period,	 in	 which	 case	 patient	 selection	 would	
not	 have	 influenced	 pharmacy	 choice.	 After	 omitting	 these	
patients	 (13%)	 from	the	sample,	we	examined	whether	or	not	
patients	within	each	employer	group	chose	the	same	channels.	
We	 found	 variability	 in	 pharmacy	 choice	 within	 only	 3%	 of	 
employers	 groups,	 which	 indicates	 that	 the	 overwhelming	
majority	 of	 beneficiaries	 included	 in	 this	 analysis	 used	 the	
preferred	pharmacy	channels	of	 their	employers.	This	 finding	

and	 specialty	 pharmacy	 services	with	 a	DTM	program	 com-
pared	with	to	retail	pharmacy	patients	(0.90	and	0.92	vs.	0.86,	
respectively).	In	patients	with	HIV/AIDS,	specialized	pharma-
cies	 have	 documented	 improvements	 in	 mean	 proportion	 of	
days	covered	(PDC)	of	74.1%	versus	69.2%	in	nonspecialty	set-
tings	(P <	0.0001).	Additionally,	a	greater	percentage	of	patients	
in	the	specialty	pharmacy	group	was	able	to	obtain	a	PDC	of	
95%	 or	 better	 (39.3%	 vs.	 35.5%)	 and	was	 significantly	more	
persistent	(P =	0.0117).	For	oral	oncology	patients,	those	in	the	
specialty	pharmacy	group	were	more	 adherent	 	 as	 evidenced	
by	 a	 weighted	 MPR	 of	 0.66	 versus	 0.58	 (P <	0.001).	 In	 this	
study,	the	overall	mean	total	costs	per	patient	were	13%	lower,	
and	 mean	 outpatient	 costs	 were	 41%	 lower	 in	 the	 specialty	
pharmacy	group	compared	with	the	control	groups	during	the	
follow-up	period.	In	a	study	of	RA	patients,	medication	adher-
ence	to	self-injectable	RA	medications	for	patients	participating	
in	a	DTM	plan	as	an	enhancement	to	specialty	pharmacy	ser-
vices	were	compared	to	patients	receiving	specialty	pharmacy	
services	 without	 a	 DTM	 plan	 and	 to	 patients	 at	 community	
pharmacies.	During	the	follow-up	period,	mean	PDC	was	0.83	
for	the	specialty	pharmacy	with	a	DTM	intent-to-treat	popula-
tion,	 0.81	 for	 specialty	 pharmacies	 without	 DTM,	 and	 0.60	
for	 community	 pharmacy	 patients	 (both	 P <	0.05	 compared	
with	community	pharmacy	patients).	Lastly,	a	study	by	Barlow	 
et	al.	(2012)	showed	that,	in	addition	to	improvements	in	medi-
cation	 adherence,	 significant	 reduction	 in	medical	 costs	 was	
documented	for	3	years	of	participation	in	specialty	pharmacy	
services	versus	retail	pharmacy	services	for	RA	patients.22,34-38

Our	findings	suggest	that	specialty	pharmacy	programs	can	
improve	the	management	and	medication	adherence	of	patients	
with	 renal	 transplants	 and	 simultaneously	 reduce	 overall	
health	 care	 costs,	 which	 is	 similar	 to	 findings	 in	 previous	
studies.1,17,22,34-38	This	study	demonstrates	the	value	of	specialty	
pharmacy	programs	in	improving	adherence	to	oral	transplant	
products	 in	 the	 first	 year	 post-implementation	 of	 the	 pro-
gram.	Substantial	 increases	in	several	measures	of	adherence,	
including	 the	 number	 of	 oral	 transplant	 prescriptions	 filled	
and	 fewer	 gaps	 in	 therapy	 and	discontinuation,	were	 seen	 in	
patients	who	used	the	specialty	pharmacy	program	in	the	first	
year.	Importantly,	the	increases	in	MPR	and	in	prescriptions	in	
the	specialty	pharmacy	group	are	not	significantly	associated	
with	 an	 increase	 in	 pharmacy	 costs.	 Rather,	 pharmacy	 costs	
are	 lower	 in	 the	specialty	pharmacy	group.	UnitedHealthcare	
Pharmacy	has	successfully	negotiated	program	components	of	
discounted	 transplant	medication	 rates	 and	 services	 through	
the	 contracted	 specialty	 pharmacy	 to	 mitigate	 the	 effect	 of	
increased	 adherence	 contributing	 to	 higher	 immunosuppres-
sive	therapy	medication	costs.	

Specialty	 pharmacy	 programs	 are	 associated	 with	 a	 13%	
reduction	in	overall	health	care	costs	and	a	30%	reduction	in	
transplant-related	medical	 costs,	 driven	by	decreases	 in	both	
dialysis-related	 and	 nondialysis-related	medical	 costs	 in	 this	
study.	Additionally,	the	beneficial	effect	of	specialty	pharmacy	
on	 medical	 costs	 and	 medication	 adherence	 suggests	 that	
specialty	 pharmacy	 services	 may	 be	 impacting	 adherence-

www.regulations.gov


36 Journal of Managed Care Pharmacy JMCP January/February 2013 Vol. 19, No. 1 www.amcp.org

Managing Specialty Medication Services Through a Specialty Pharmacy Program:  
The Case of Oral Renal Transplant Immunosuppressant Medications

■■  Conclusions
These	findings	highlight	the	important	role	that	specialty	phar-
macy	 programs	 with	 set	 requirements	 for	 clinical	 programs,	
services,	 and	optimal	 contracted	 rates	 can	play	 in	 improving	
adherence,	 the	quality	of	care,	and	reducing	the	overall	costs	
of	patients	with	complex	and	costly	conditions.	Specialty	clini-
cal	 pharmacists	 appear	 to	 better	 coordinate	 care	 and	 reduce	
unnecessary	medical	costs	in	patients	with	renal	transplanta-
tion,	improving	effectiveness	and	outcomes.	Long-term	evalua-
tions	after	the	first	year	are	now	being	conducted	to	determine	
if	these	positive	results	are	maintained.

The	positive	impact	of	health	plan	program	design,	coordi-
nated	 care,	 and	 oversight	 by	 specialty-trained	 clinicians	 in	 a	
specialty	pharmacy	program	has	 implications	 for	 the	 current	
health	care	reform	and	requires	more	research.	

limits	 the	 possibility	 that	 selection	 bias	 influenced	 our	 study	
results.	

There	 also	 may	 have	 been	 confounding	 related	 to	 higher	
severity	 of	 disease	 and/or	 comorbid	 conditions	 or	 time	 from	
transplant;	sicker	patients	may	have	differentially	chosen	one	
type	of	pharmacy	over	the	other.	There	is	no	way	to	fully	adjust	
for	these	characteristics	with	the	use	of	claims	data	alone.39-41 
We	would	not	expect	a	strong	relationship	between	employer	
group	and	higher	comorbidity	and	do	not	consider	this	to	be	an	
important	source	of	confounding.	Nevertheless,	we	attempted	
to	 address	 this	 issue	 by	matching	 on	multiple	 variables	 that	
served	as	a	proxy	for	disease	severity,	including	the	Charlson	
Comorbidity	Index	score,	time	from	start	of	immunosuppres-
sive	therapy	truncated	at	1	year,	transplant	complications	dur-
ing	the	baseline	year,	and	patients	on	dual	therapy	during	the	
baseline	year.

Time	post-transplant	 is	 a	 strong	predictor	 of	 resource	uti-
lization,	with	costs	decreasing	over	 time.42-44	We	do	not	have	
that	data	field	in	our	retrospective	claims,	which	may	influence	
comparison	 of	 medical	 utilization	 and	 costs.	 Specialty	 and	
retail	 cohorts	 were	 balanced	 for	 new	 users	 to	 therapy	 using	
transplant	 medication	 claims	 (4%	 and	 3%,	 respectively)	 and	
number	 of	 patients	 with	 first	 transplant	 medication	 claims	
during	 days	 1-90,	 91-180,	 181-270,	 and	 271	 onward	 during	
the	 index	 period,	 but	 ≥	84%	 of	 patients	 were	 on	medication	
at	 the	beginning	of	 the	 index	period	and	potentially	prior	 to	
the	 baseline	 period	 as	 well.	 There	 is	 no	 way	 of	 fully	 deter-
mining	 time	 post-transplant	 for	 each	 patient	 due	 to	 health	
plan	 switches	 that	 the	 patient	 may	 go	 through	 and	 lack	 of	
visibility	to	full	member	claim	history	if	they	were	previously	
with	 another	 health	 plan.	 Without	 matching	 specifically	 on	
time	post-transplant,	we	 implemented	the	one-on-one	greedy	
matching	 technique	 to	 derive	 the	 propensity	 score	matched-
pairs	to	ensure	similar	demographics,	utilization,	and	baseline	
costs	between	patients	in	both	cohorts.	Also,	estimating	adher-
ence	using	a	retrospective	data	analysis	study	design	does	not	
always	give	an	accurate	representation	whether	the	medication	
was	taken	exactly	as	prescribed.	It	only	gives	us	information	on	
how	much	of	the	medication	was	filled	versus	how	much	was	
actually	ingested	by	the	patient.

Due	 to	 the	 retrospective	nature	 of	 the	 study,	we	were	not	
able	 to	 capture	 how	 consistently	 and	 how	 many	 patients	
participated	 in	 the	 pharmacy	 consultations	 on	 an	 ongoing	
basis	monthly	 and	 every	3	months.	We	 also	did	not	 capture	
or	 account	 for	 any	 additional	 services	 the	 patients	may	 have	
received	either	through	their	pharmacies,	physicians,	hospitals,	
or	 insurance-based	 care	management	programs,	 although	we	
assumed	they	might	have	existed	 in	both	groups.	Finally,	we	
also	were	not	 able	 to	 capture	quality	of	 life	measures	 in	 this	
study,	which	would	have	provided	information	from	a	patient	
perspective	and	may	have	had	significant	policy	implications.	
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APPEnDIx A Codes to Identify Transplant-Related Claims/Costs

Diagnosis Codes (ICD-9-CM Dx):

V42.0 Organ	or	tissue	replaced	by	transplant,	kidney
996.81 Complications	of	transplanted	organ,	kidney
V58.44 Aftercare	following	organ	transplant
E878.0 Surgical	operation	with	transplant	of	whole	organ	as	the	cause	of	abnormal	reaction	of	patient,	or	of	later	complication,	without	mention	of	misad-

venture	at	the	time	of	operation
E878.4 Other	restorative	surgery	(Note:	used	for	partial	organ	transplant)
E933.1 Antineoplastic	and	immunosuppressive	drugs	causing	adverse	effects	in	therapeutic	use
(Dialysis-Related Diagnosis Codes)
996.1 Mechanical	complication	of	other	vascular	device,	implant,	and	graft
996.56 Mechanical	complication	due	to	peritoneal	dialysis	catheter
996.62 Infection	and	inflammatory	reaction	due	to	vascular	device,	implant,	and	graft
996.68 Infection	and	inflammatory	reaction	due	to	peritoneal	dialysis	catheter
996.73 Other	complications	due	to	renal	dialysis	device,	implant,	and	graft
V45.11 Renal	dialysis	status
V45.12 Noncompliance	with	renal	dialysis
V56.0 Encounter	for	extracorporeal	dialysis
V56.1 Encounter	for	fitting	and	adjustment	of	extracorporeal	dialysis	catheter
V56.2 Encounter	for	fitting	and	adjustment	of	peritoneal	dialysis	catheter
V56.31 Encounter	for	adequacy	testing	for	hemodialysis
V56.32 Encounter	for	adequacy	testing	for	peritoneal	dialysis
V56.8 Encounter	for	other	dialysis
E870.2 Accidental	cut,	puncture,	perforation,	or	hemorrhage	during	kidney	dialysis	or	other	perfusion
E871.2 Foreign	object	left	in	body	during	kidney	dialysis	or	other	perfusion
E872.2 Failure	of	sterile	precautions	during	kidney	dialysis	or	other	perfusion
E874.2 Mechanical	failure	of	instrument	or	apparatus	during	kidney	dialysis	or	other	perfusion
E879.1 Kidney	dialysis,	without	mention	of	misadventure	at	the	time	of	procedure,	as	the	cause	of	abnormal	reaction	of	patient,	or	of	later	complication
Procedure Codes (ICD-9CM Px):
00.91 Transplant	from	live	related	donor
00.92 Transplant	from	live	nonrelated	donor
00.93 Transplant	from	cadaver
55.53 Removal	of	transplanted	or	rejected	kidney
55.61 Renal	autotransplantation
55.69 Other	kidney	transplantation
55.6 Kidney	transplantation
(Dialysis-Related Procedure Codes)
38.95 Venous	catheterization	for	renal	dialysis
39.27 Arteriovenostomy	for	renal	dialysis
39.42 Revision	of	arteriovenous	shunt	for	renal	dialysis
39.43 Removal	of	arteriovenous	shunt	for	renal	dialysis
39.93 Insertion	of	vessel-to-vessel	cannula
39.94 Replacement	of	vessel-to-vessel	cannula
39.95 Hemodialysis
54.93 Creation	of	cutaneoperitoneal	fistula
54.98 Peritoneal	dialysis
CPT Codes
00862 (Anesthesia	for)	renal	procedure/donor	nephrectomy
00868 (Anesthesia	for)	renal	transplant	(recipient)
01990 Physiological	support	of	harvesting	organs	from	brain-dead	patient
36251 Selective	catheter	placement	(first-order),	main	renal	artery	and	any	accessory	renal	artery	for	renal	angiography,	including	arterial	puncture	and	

catheter	placement(s),	 fluoroscopy,	contrast	 injection(s),	 image	post-processing,	permanent	recording	of	 images,	and	radiological	supervision	and	
interpretation,	including	pressure	gradient	measurements	when	performed,	and	flush	aortogram	when	performed;	unilateral

36252 Selective	catheter	placement	(first-order),	main	renal	artery	and	any	accessory	renal	artery	for	renal	angiography,	including	arterial	puncture	and	
catheter	placement(s),	 fluoroscopy,	contrast	 injection(s),	 image	post-processing,	permanent	recording	of	 images,	and	radiological	supervision	and	
interpretation,	including	pressure	gradient	measurements	when	performed,	and	flush	aortogram	when	performed;	bilateral
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APPEnDIx A Codes to Identify Transplant-Related Claims/Costs (continued)
36253 Superselective	catheter	placement	(one	or	more	second	order	or	higher	renal	artery	branches)	renal	artery	and	any	accessory	renal	artery	for	renal	

angiography,	including	arterial	puncture,	catheterization,	fluoroscopy,	contrast	injection(s),	image	post-processing,	permanent	recording	of	images,	
and	radiological	supervision	and	interpretation,	including	pressure	gradient	measurements	when	performed,	and	flush	aortogram	when	performed;	
unilateral

36254 Superselective	catheter	placement	(one	or	more	second	order	or	higher	renal	artery	branches)	renal	artery	and	any	accessory	renal	artery	for	renal	
angiography,	including	arterial	puncture,	catheterization,	fluoroscopy,	contrast	injection(s),	image	post-processing,	permanent	recording	of	images,	
and	radiological	supervision	and	interpretation,	including	pressure	gradient	measurements	when	performed,	and	flush	aortogram	when	performed;	
bilateral

50300 Removal	of	donor	kidney	from	cadaver	donor
50320 Removal	of	donor	kidney	from	living	donor
50323 Backbench	standard	preparation	cadaver	donor	renal	allograft
50325 Backbench	standard	preparation	living	donor	renal	allograft	open	or	laparoscopic
50327 Backbench	reconstruction	of	cadaver	or	living	donor	renal	allograft
50328 Backbench	reconstruction	of	donor	renal	allograft;	arterial	anastomosis,	each
50329 Backbench	reconstruction	of	donor	renal	allograft;	ureteral	anastomosis,	each	
50340 Removal	of	kidney
50360 Transplantation	of	kidney
50365 Renal	allotransplantation,	implantation	of	graft
50370 Remove	transplanted	kidney
50380 Reimplantation	of	kidney
50547 Lap	remove	donor	kidney
(Dialysis-Related CPT Codes)
36147 Introduction	of	needle	and/or	catheter,	arteriovenous	shunt	created	for	dialysis	(graft/fistula);	initial	access	with	complete	radiological	evaluation	of	

dialysis	access,	including	fluoroscopy,	image	documentation	and	report	(includes	access	of	shunt,	injection(s)	of	contrast,	and	all	necessary	imaging	
from	the	arterial	anastomosis	and	adjacent	artery	through	entire	venous	outflow	including	the	inferior	or	superior	vena	cava

36148 Introduction	of	needle	and/or	catheter,	arteriovenous	shunt	created	for	dialysis	(graft/fistula);	additional	access	for	therapeutic	intervention
36800 Insertion	of	cannula	for	hemodialysis,	other	purpose	(separate	procedure);	vein	to	vein
36810 Insertion	of	cannula	for	hemodialysis,	other	purpose	(separate	procedure);	arteriovenous,	external	(Scribner	type)
36815 Insertion	of	cannula	for	hemodialysis,	other	purpose	(separate	procedure);	arteriovenous,	external	revision	or	closure
36818 Arteriovenous	anastomosis,	open;	by	upper	arm	cephalic	vein	transposition
36819 Arteriovenous	anastomosis,	open;	by	upper	arm	basilic	vein	transposition
36820 Arteriovenous	anastomosis,	open;	by	forearm	vein	transposition
36821 Arteriovenous	anastomosis,	open;	direct,	any	site	(e.g.,	Cimino	type)	(separate	procedure)
36831 Thrombectomy,	open,	arteriovenous	fistula	without	revision,	autogenous	or	nonautogenous	dialysis	graft	(separate	procedure)
36832 Revision,	open,	arteriovenous	fistula;	without	thrombectomy,	autogenous	or	nonautogenous	dialysis	graft	(separate	procedure)
36833 Revision,	open,	arteriovenous	fistula;	with	thrombectomy,	autogenous	or	nonautogenous	dialysis	graft	(separate	procedure)
36835 Insertion	of	Thomas	shunt	(separate	procedure)
36838 Distal	revascularization	and	internal	ligation	(DRILL),	upper	extremity	hemodialysis	access	(steal	syndrome)
36860 External	cannula	declotting	(separate	procedure);	without	balloon	catheter
36861 External	cannula	declotting	(separate	procedure);	with	balloon	catheter
36870 Thrombectomy,	percutaneous,	arteriovenous	fistula,	autogenous	or	nonautogenous	graft	(includes	mechanical	thrombus	extraction	and	intra-graft	

thrombolysis)
90935 Hemodialysis	procedure	with	single	physician	evaluation
90937 Hemodialysis	procedure	requiring	repeated	evaluation(s)	with	or	without	substantial	revision	of	dialysis	prescription
90940 Hemodialysis	access	flow	study	to	determine	blood	flow	in	grafts	and	arteriovenous	fistulae	by	an	indicator	method
90945 Dialysis	procedure	other	than	hemodialysis	(e.g.,	peritoneal	dialysis,	hemofiltration,	or	other	continuous	renal	replacement	therapies)	with	single	

physician	evaluation
90947 Dialysis	 procedure	 other	 than	hemodialysis	 (e.g.,	 peritoneal	 dialysis,	 hemofiltration,	 or	 other	 continuous	 renal	 replacement	 therapies)	 requiring	

repeated	physician	evaluations,	with	or	without	substantial	revision	of	dialysis	prescription
HCPCS Codes
C1750 Catheter,	hemodialysis/peritoneal,	long-term
C1752 Catheter,	hemodialysis/peritoneal,	short-term
J7500 Azathioprine,	oral,	50	mg
J7501 Azathioprine,	parenteral,	100	mg
J7502 Cyclosporine,	oral,	100	mg
J7504 Lymphocyte	immune	globulin,	antithymocyte	globulin,	equine,	parenteral,	250	mg
J7505 Muromonab-cd3,	parenteral,	5	mg
J7506 Prednisone,	oral,	per	5	mg
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APPEnDIx A Codes to Identify Transplant-Related Claims/Costs (continued)
J7507 Tacrolimus,	oral,	per	1	mg
J7509 Methylprednisolone	oral,	per	4	mg
J7510 Prednisolone	oral,	per	5	mg
J7511 Lymphocyte	immune	globulin,	antithymocyte	globulin,	rabbit,	parenteral,	25	mg
J7513 Daclizumab,	parenteral,	25	mg
J7515 Cyclosporine,	oral,	25	mg
J7516 Cyclosporin,	parenteral,	250	mg
J7517 Mycophenolate	mofetil,	oral,	250	mg
J7518 Mycophenolic	acid,	oral,	180	mg
J7520 Sirolimus,	oral,	1	mg
J7525 Tacrolimus,	parenteral,	5	mg
J7599 Immunosuppressive	drug,	not	otherwise	classified
Q0510 Pharmacy	supply	fee	for	initial	immunosuppressive	drug(s),	first	month
Q0510 Following	transplant
Q0511 Pharmacy	supply	fee	for	oral	anticancer,	oral	anti-emetic,	or	immunosuppressive
Q0511 Drug(s),	for	the	first	prescription,	in	a	30-day	period
Q0512 Pharmacy	supply	fee	for	oral	anti-cancer,	oral	anti-emetic,	or	immunosuppressive
Q0512 Drug(s),	for	a	subsequent	prescription,	in	a	30-day	period
S2152 Solid	organ(s),	complete	or	segmental,	single	organ,	or	combination	of	organs
S2152 Deceased	or	living	donor(s),	procurement,	transplantation,	and	related	complications
S2152 Complications,	including:	drugs,	supplies,	hospitalization	with	outpatient
S2152 Follow-up:	medical/surgical,	diagnostic,	emergency,	and	rehabilitative
S2152 Services	and	the	number	of	days	of	pre-	and	post-transplant	care	in	the	global	definition
S2152 Definition
S9975 Transplant-related	lodging,	meals,	and	transportation,	per	diem

CPT = Current Procedural Terminology; HCPCS = Healthcare Common Procedure Coding System; ICD-9-CM = International Classification of Diseases, Ninth Revision, 
Clinical Modification; mg = milligram.

APPEnDIx B List of Transplant Drugs

HICL HICL Description Brand Namea

004524 Cyclosporine Cyclosporine
004524 Cyclosporine Sandimmune
008974 Tacrolimus	Anhydrous Prograf
010012 Mycophenolate	Mofetil Cellcept
010086 Cyclosporine,	Modified Cyclosporine
010086 Cyclosporine,	Modified Gengraf
010086 Cyclosporine,	Modified Neoral
020519 Sirolimus Rapamune
025201 Mycophenolate	Sodium Myfortic
aBrand names listed are for informational purposes only. No promotion or market-
ing of any kind is implied.
HICL = Hierarchical Ingredient Code Listing.
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APPEnDIx C Weighted Medication Possession Ratio Methodology

A weighted medication possession ratio (MPR)	methodology	is	used	in	this	study.	Weighted	MPR	is	a	measure	of	adherence	that	takes	into	account	switching,	
augmentation,	as	well	as	concomitant	use	of	medications.	Two	example	calculations	of	weighted	MPR	are	included	below.

In	the	first	example,	the	patient	augments	therapy	but	does	not	switch	therapy	at	any	time	during	follow-up.	Assume	a	patient	with	the	
following	prescription	fill	pattern.	Assume	patient	takes	Med	1,	Med	2,	and	Med	3	during	follow-up	period.

Day	 1----------------------------------128-----------------------------------250--------------------365

Med	1	 *********	**********									**********				**********																								**********			**********

Med	2	 	**********	**********	**********			**********			**********

Med	3		 **********			**********

First,	MPR	is	calculated	for	each	medication	individually,	where	MPR	=	days’	supply	received	from	the	date	of	the	first	fill	of	that	medi-
cation	until	the	end	of	the	review	period	divided	by	the	number	of	days	from	the	first	fill	of	that	medication	until	the	end	of	the	review	
period.	Assuming	that	each	**********	in	the	diagram	above	represents	a	30-day	supply,	individual	MPR	values	are:

•	Med	1:	180	/	365	=	0.493

•	Med	2:	150	/	238	=	0.630

•	Med	3:	60	/	116	=	0.517

Average	MPR	is	then	calculated	during	each	period	of	unique	therapy.	In	the	example	above,	the	patient	received:

•	Days	1–127	(127	days):	Med	1	only;	MPR	=	0.493

•	Days	128–249	(122	days):	Med	1	and	Med	2;	MPR	=	(0.493	+	0.630)	/	2	=	0.561

•	Days	250–365	(116	days):	Med	1,	Med	2,	and	Med	3;	MPR	=	(0.493	+	0.630	+	0.517)	/	3	=	0.547

Weighted	MPR	is	then	calculated	as: 127 122 116___ ___ ___
365 365 365

×	0.493	+( ) ( ×	0.561	+) ( × 0.547	=) 0.533

In	the	second	example,	the	patient	augments	and	switches	therapy	during	follow-up.	Assume	a	patient	with	the	following	prescription	
fill	pattern.

Day	 1----------------------------------128-----------------------------------250--------------------365

Med	1	 **********	**********									**********

Med	2		 **********	**********	**********	**********			**********

Med	3		 	**********			**********

First,	MPR	is	calculated	for	each	medication	individually.	If	no	switch	in	therapy	is	noted,	MPR	=	days’	supply	received	from	the	date	of	
the	first	fill	of	that	medication	until	the	end	of	the	review	period	divided	by	the	number	of	days	from	the	first	fill	of	that	medication	until	
the	end	of	the	review	period.	Note	that	in	this	example,	the	patient	switched	from	Med	1	to	Med	2	and	then	added	Med	3	to	ongoing	Med	
2	therapy.	Therefore,	for	Med	1,	MPR	=	days’	supply	received	from	the	date	of	the	first	fill	of	Med	1	until	the	date	of	the	first	fill	of	Med	2	
(truncated	if	necessary)	divided	by	the	number	of	days	from	the	first	fill	of	Med	1	until	the	date	of	the	first	fill	of	Med	2.

Assuming	that	each	**********	in	the	diagram	above	represents	a	30-day	supply,	individual	MPR	values	are:

•	Med	1:	68	/	127	=	0.535

•	Med	2:	150	/	238	=	0.630

•	Med	3:	60	/	116	=	0.517

Average	MPR	is	then	calculated	during	each	period	of	unique	therapy.	In	the	example	above,	the	patient	received:

•	Days	1–127	(127	days):	Med	1	only;	MPR	=	0.535

•	Days	128–249	(122	days):	Med	2	only;	MPR	=	0.630

•	Days	250–365	(116	days):	Med	2	and	Med	3;	MPR=	(0.630	+	0.517)	/	2	=	0.573

Weighted	MPR	is	then	calculated	as: 127 122 116___ ___ ___
365 365 365

×	0.535	+( ) ( ×	0.630	+) ( ×	0.573	=) 0.579


