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Abstract

A solid organ transplant is life-saving therapy that engenders the use of immunosuppressive
medications for the lifetime of the transplanted organ and its recipient. Conventional therapy
includes both induction therapy (a biologic that is infused peri-operatively) followed by
maintenance therapy. The cost of these medications is a constant concern and the advent of
generics has brought this cost down modestly. For those lacking long term insurance coverage,
this may be a significant out of pocket expense that is not affordable. Moreover, transplant Centers
are managing higher risk transplant recipients that require more complex induction regimens and
longer term use of such biologic agents in the context of desensitization or abrogation of de novo
antibody mediated injury. While in kidney transplantation, Medicare part B covers three years of
medication, there is frequent non-adherence due to cost after that time-point. The impact of the
Affordable Care Act remains uncertain at this time. Finally the pipeline of new therapies is limited
due to the cost of development of a drug, the inherent cost of clinical studies, and lack of defined
endpoints for newer therapies in high risk patients. These new therapies are of high value to the
community but will contribute additional burden to current drug costs.
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Introduction

Immunosuppression is required for the lifetime of a solid organ transplant to prevent
rejection. Therapy begins at the time of transplant using induction therapy. Historically this
consisted of high dose intravenous corticosteroids, but now entails the use of biological
therapies that suppress T cell function or cause T cell depletion. These biologics are potent

Author for correspondence: Roslyn B. Mannon, M.D., University of Alabama at Birmingham, 1900 University Boulevard, THT 643,
Birmingham, AL 35294, Ph: 205-934-7220, FAX: 205-975-0102, rmannon@uab.edu.

Conflict of Interest: Alexandra James declares that she has no conflict of interest.
Roslyn B. Mannon reports grants and other (consultant, DSMB member) from Astellas; and grants from Amgen, BMS, and Alexion.

Human and Animal Rightsand Informed Consent: This article does not contain any studies with human or animal subjects
performed by any of the authors.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

James and Mannon

Page 2

and only used for specific total doses and in the short time period post-operatively. Long
term suppression of the immune response requires a combination of agents taken orally.
These typically consist of corticosteroids, a calcineurin inhibitor (CNI), and an anti-
metabolite, often mycophenolic acid. Therapy is needed indefinitely, for the duration of the
allograft. These agents are specific to mitigating T cell responses against the allograft. When
antibody mediated injury occurs, therapy to mitigate B cell responses and plasma cells are
engaged. To date, there are no FDA approved medications for antibody mediated rejection
(AMR), and so off label use of biologics and other small molecules becomes commonplace.
The advent of these biologics, often adapted from the use in autoimmune disease, has further
complicated the cost of therapy.

The average reported cost of a solid organ transplant ranges from $260,000.00 for a single
kidney transplant to over $1.2 million dollars for combined heart and lung transplants (1).
There is a clear cost savings to transplantation in support of kidney failure in place of
hemodialysis (2). However, long term oral maintenance immunosuppression and other
prescription medications can cost patients upwards of $2,500.00 per month depending on
various factors including the number of prescription medications, insurance coverage, with
the average annual cost of medications in the United States reported between $10,000 and
$14,000 per patient (3). The documented cost as billed charges for all outpatient drugs
prescribed from discharge for the transplant admission to 180 days post-transplant discharge
is between $18,200.00 and $30,300.00 for kidney transplant and heart transplant,
respectively, and higher cost was seen if multiple organs were transplanted (1). This cost
includes immunosuppressant medications and other transplant related and non-transplant
related prescription medications. It can be a financial burden for patients following
transplantation to afford oral maintenance immunosuppression especially those without
adequate insurance coverage (4). Moreover, one should take into consideration the cost and
consequences of medication non-adherence (5). The introduction to the market of a number
of generic formulations (mycophenolate mofetil (2008), tacrolimus (2009), mycophenolic
sodium and sirolimus (both in 2014) has and will potentially continue to ease the financial
burden, however, conversion concerns exist and even speculate increased initial costs in the
short term due to laboratory monitoring (6).

In this review, we will provide a perspective about the cost of immunosuppression,
evaluating each therapy individually, with a focus on kidney transplantation, the most
common solid organ transplanted. The perspectives of the patient/recipient, the Transplant
Center, and the Payor will be noted and cost of each agent discussed is summarized in Table
1. Despite changes in the healthcare field in terms of compensation, the growing cost of
therapies, and off label usage, continues to expand. The cost of drug development coupled
by the relatively small market of transplantation (a rare disease) is leading to escalating costs
born onto the field that are not sustainable in the long term.

Induction agents

T Cell Nondepletional: Basiliximab

Basiliximab (Simulect®), a monoclonal antibody, acts by binding and blocking the
interleukin-2 receptor a-chain (CD25; IL-2Ra), located on the surface of activated T
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lymphocytes. Another product, daclizumab, acted in similar fashion but is no longer on the
market. Basiliximab is indicated for the prophylaxis of acute organ rejection in patients
receiving renal transplantation and is provided as a 20 mg dose intravenously given peri-
operatively, and a second dose on post-operative day 4 (7). Numerous studies have
compared anti-IL2Ra induction versus no induction, as well as anti-1L2Ra induction versus
rabbit thymocyte globulin (rATG), a depletional induction therapy discussed below.
Compared to no induction therapy (i.e. corticosteroids alone), anti-IL2Ra induction reduced
the risk of graft loss or death with a functioning transplant, acute rejection, and early
malignancy, but did not improve patient survival (8). While compared to rATG, anti-IL2Ra
resulted in fewer side effects, as well as less CMV disease and malignancy, biopsy proven
acute rejection at 1 year was significantly more common (8 studies:, RR 1.30 95% CI 1.01
to 1.67). Finally, in a cost comparison between basiliximab versus placebo (including steroid
therapy), no significant differences in costs were seen in terms of immunosuppressive
therapies, total hospitalization, laboratory tests, outpatient visits, post-operative dialysis or
total costs at 6 or 12 months from an institutional perspective (9). The cost, per the average
wholesale price (AWP) is $3,245 per dose with an estimated cost/person of $6,490 (Table
1).

T Cell Depletion: Rabbit anti-thymocyte globulin and Alemtuzumab

Anti-thymocyte globulin (rabbit) (rATG) (Thymoglobulin®) is a polyclonal antibody
obtained by the immunization of rabbits with human thymocytes (10) and is thought to
induce immunosuppression by T cell clearance from the circulation and modulation of T cell
activation. While rATG is FDA approved for the treatment of steroid resistant acute
rejection (10), nearly 63% of United States transplant centers use it for prophylaxis of acute
rejection as induction therapy (11). While an alternative product, equine anti-thymocyte
globulin (ATGAM®) is available, rATG is considerably cheaper with a cost savings of
$5,977 for standard treatment of acute rejection. These savings were attributed to treatment
of fewer recurrent rejection episodes and less frequent dialysis treatment (12). When
compared to no induction, a five day course of rATG effectively reduced 1 year acute
rejection rates without significant increase in total inpatient costs or post-transplant
complications at one institution (13). Moreover, rATG induction was associated with higher
inpatient costs, considerably from drug cost. As expected, pharmacy cost per patient was
also significantly higher in rATG induction group ($6,810 versus $1,528, p<0.001) (13).
However, total hospitalization costs during the first 12 months after transplantation were
comparable between the groups Although not significant, reported mean readmission cost
per patient tended to be lower with rATG than no induction, $9,461 versus $15,410,
respectively (13).

Strategies to help minimize cost of this expensive agent include dosing of rATG guided by
CD3* T cell counts as well as delayed administration of doses (14, 15). For example,
intermittent dosing based on CD3* count compared to full treatment course (up to 10 daily
doses) resulted in 68% cost savings compared with an equivalent dose of rATG for 10 days,
and a 46% cost savings compared with daily administration for 6 days(15). In this single
center prospective study of 41 kidney transplant recipients, the mean individual rATG dose
was 104 mg per subject with an average of 3 doses for a total cumulative of 318 mg per
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patient, compared to 6-10 in the full-treatment group. In another approach, 60 recipients of a
deceased donor kidney transplant were studied retrospectively, in which 28 received “short
course” Ratg consisting of 3-5 doses of 1.5 mg/kg and 32 received “standard treatment” with
rATG consisting of 5 daily doses of 1.5 mg/kg (14). Patients receiving “short course”
treatment received a mean total induction dose of 371.8 + 124.9 kg while those in the
“standard course” received a mean total induction dose of 523.4 + 115.5 kg. With short
course treatment, there was a 30% cumulative dose reduction compared to standard
treatment and no differences were reported in biopsy confirmed acute rejection or serum
creatinine levels at 3 or 6 months post-transplant. Another cost saving measure was
evaluated by McGillicuddy et al. (16) They reported that delayed administration of final
dose of rATG by administration in the outpatient setting on the day of discharge versus
inpatient administration resulted in a cost savings of $860 per patient without affecting acute
rejection rates or readmission rates. This could also result in a mean increase in revenue
generation of approximately $1,856 per patient because the dose was administered in the
institutions outpatient clinic. Interestingly, among patients at high risk for acute rejection
(AR) or delayed graft function (DGF), 5 day induction with rATG vs. basiliximab has
reduced the incidence 15.6% vs. 25.5% (p=0.02) and severity of acute rejection 1.4% vs.
8.0% (p=0.005) but not incidence of DGF. In and of itself, this may reduce cost further
avoiding additional procedures, and hospitalizations for management of AR.

Alemtuzumab (Campath®) is a humanized monoclonal antibody binding to CD52 on the
surface of B and T lymphocytes that functions by inducing cellular-mediated lysis following
surface binding. This drug is currently FDA approved for treatment of B-cell chronic
lymphocytic leukemia (17) and has the convenience of requiring only one dose for induction
when compared to other available induction agents for kidney transplant recipients. It is
characterized by a potent lymphocyte and monocyte depletion, the former sustained for
about 6 months. In a large randomized study of kidney transplant recipients consisting of
474 patients from 30 transplant centers, induction with a single 30 mg dose of alemtuzumab
was associated with less frequent biopsy-confirmed acute rejection at one year (5%)
compared to basiliximab treatment (17%) in low immunological risk subjects (18).
Compared to rATG in high risk patients, the authors showed similar efficacy when
evaluating biopsy-confirmed acute rejection at 6 and 12 months. In 2013, the manufacturer
changed their distribution model for alemtuzumab and it is no longer commercially
available. It is now provided only through the Campath® Distribution Program free of
charge for deemed appropriate patients. While this is an economical advantage to centers at
the present time, concern remains for the future and availability of alemtuzumab long term.

Cost comparison of induction agents

Selection of an induction agent is based on a variety of factors including risk of rejection
due to donor or recipient, formulary of transplant center, or study protocol. Based on AWP,
alemtuzumab is the least costly to institutions as it is provided to centers at no charge,
followed by basiliximab and rATG, respectively. An economic and quality of life
assessment of basiliximab versus rATG concluded that basiliximab demonstrated lower first
year post treatment costs with no differences seen in quality-adjusted survival. These same
findings were also suggested in high-risk patients reporting total treatment costs lower for
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renal transplant recipients treated with basiliximab than those with rATG. No significant
differences were reported between the groups in patient assessed health related quality of
life within 1 year of transplant (19).

Oral Maintenance immunosuppression

Calcineurin inhibitors

Over the past two decades, calcineurin inhibitors (CNIs) have become the backbone and
standard of care in immunosuppression regimens for prevention of acute rejection after solid
organ transplantation. Cyclosporine (Sandimmune®, Neoral®) was the first CNI approved
in 1983, followed by tacrolimus (Prograf®) in 1994. Tacrolimus has largely replaced
cyclosporine in terms of immunosuppressive therapy. Both exert their effects by binding
their respective immunophilins (cyclophilin for cyclosporine and FK-binding proteins for
tacrolimus, respectively) to form a complex that inhibits the phosphatase, calcineurin,
ultimately blocking transcription of interleukin-2, a T lymphocyte growth and survival
factor (20). A recent literature review of 12 studies comparing CNIs cyclosporine with
tacrolimus in renal transplantation concluded that tacrolimus was the most cost-effective
choice (21). Cost savings were primarily due to lower rates of hospitalization as a result of
fewer acute rejection episodes associated with tacrolimus. In an alternative analysis from the
United Kingdom, patients maintained on tacrolimus had better short and long term
outcomes, though long term costs were found to be higher for those in the tacrolimus group.
These authors reported higher initial 1-year costs in the tacrolimus group; however for years
2-4 post-transplant, an average annual cost per patient was lower in the tacrolimus group due
to a higher number of failed grafts in the cyclosporine group. The authors surmised that the
benefit in terms of superior overall survival, survival with a functioning graft and rejection-
free survival makes tacrolimus a cost-effective alternative to cyclosporine (22).

Antimetabolites

Mycophenolate mofetil (MMF; CellCept®), in its active form, is an inhibitor of inosine-5’-
monophosphate dehydrogenase (IMPDH), a key enzyme in the de novo pathway of purine
(guanidine) nucleotide synthesis, inhibiting T and B lymphocytes that are dependent on this
pathway from proliferating. Compared to azathioprine, the anti-metabolite used for decades
to prevent transplant rejection, MMF is more effective, reducing acute rejection rates within
the first 6 months post-transplant with a more favorable side effect profile (23). A
pharmacoeconomic review of studies in solid organ transplant recipients conducted within
and outside the United States showed a cost benefit for MMF in the short term, postulating
similar outcomes likely long term. These factors have offset the higher drug acquisition cost
of MMF so that short term costs are equivalent or cost saving when compared to
azathioprine (24). Most studies associate MMF with lower treatment costs and associated
hospital admissions due to reduced incidence and severity of rejection episodes. Similarly,
they take into account a lower cost due to lower incidence of graft failure with MMF.

While this may be true in kidney transplantation, liver transplantation has demonstrated
different results. A yearly $4,800 per patient was estimated to be saved when using
azathioprine compared to MMF at standard doses in liver transplant recipients (25). The data
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are less convincing in terms of treatment efficacy and rejection avoidance. Other issues
include the ongoing common gastrointestinal (Gl) toxicities that limit dosing of MMF.
Enteric coated mycophenolate sodium (MPA; Myfortic®) was developed and introduced as
an alternative for use in patients unable to tolerate MMF due to Gl side effects. Here, MPA
was associated with a trend in improvements in presence and severity of gastrointestinal
symptoms although statistical significance was not reached (26).

Mammalian Target of Rapamycin (mTOR) inhibitors

Sirolimus (Rapamune®) and everolimus (Zortress®), both inhibitors of the activation of
mTOR (mMTORI), have been studied in the transplant community as adjunct therapy to a
CNI-based regimen as well as replacement for either a CNI or antimetabolite. As the most
recent approved oral agents, these agents tend to be more costly to both transplant centers
and patients due to their branded status. Currently, only sirolimus tablets are available in a
generic form. Favorable cost data generally results as the calculated or presumed cost
avoided due to a CNI regimen adverse effects, namely nephrotoxicity (27, 28). In a study of
cost-effectiveness of maintenance therapy with CNI versus those with CNI withdrawal, a
survey of kidney transplant recipient data from 1990-2006 was entered into a lifetime
Markov model. Here, the sirolimus-treated group showed increased patient survival, reduced
graft loss and, therefore, increased quality-adjusted life-years (QALY) (27). Cost savings
was attributed to long term benefits with sirolimus through improved renal function.
However, in spite of the cost savings, this strategy has not been adapted uniformly in kidney
transplantation due to a higher risk of acute rejection in the first year of transplantation and
significant dyslipidemia albeit improved blood pressure (29, 30).

Another study evaluating pharmacoeconomic considerations for everolimus when compared
to MMF suggests that everolimus is likely to be cost-neutral in clinical practice relative to
established agents when evaluating direct health costs (28). In this prospective study of
nearly 600 recipients of deceased donor kidney transplants on cyclosporine that were
randomized to either everolimus 1.5mg, everolimus 3mg or MMF, the mean overall costs
were similar between study groups. Mean costs of cyclosporine were significantly lower in
the everolimus groups (versus mycophenolate) likely due to synergistic effect seen with
combination of everolimus and cyclosporine which facilitated reduction in cyclosporine
dose. There were no major differences in efficacy between groups; there were fewer graft
losses in the 1.5 mg everolimus group.

Injectable/biologics

This class of immunosuppression shows the most promise, but as demonstrated below, the
most cost. Indeed, 50 years ago, cost was not a consideration when choosing an agent,
because then 1-year graft survival was so poor. The recognition that long term survival is at
a mean of 10 years, and the recognition of complications of antibody mediated injury for
example are part of the equation in terms of choosing maintenance immunosuppressive
therapy.
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Belatacept (Nulojix®), approved in June of 2011, is indicated for the prophylaxis of organ
rejection in adult patients receiving a renal transplant. A soluble fusion protein, it binds to
CDB80 and CD86 on antigen presenting cells inhibiting CD28 mediated co-stimulation of T-
lymphocytes (31). Belatacept was introduced as a possible alternative to CNIs and early
studies showed less nephrotoxicity and cardiovascular side effects despite an early increased
rate of acute rejection (32, 33). Another advantage reported of belatacept is adherence
tracking due to administration requirements as an intravenous infusion requiring
administration in an outpatient clinic or hospital. Although belatacept is costly based on
AWP, this increased cost might be acceptable in comparison to the high cost of caring for
patients post-transplant. Recently, Caccippoli et al used a 3-year Markov model to compare
belatacept based regimen versus a tacrolimus based regimen in 954 adult renal (low to
moderate risk) transplant recipients. From a Medicare perspective, 3 year costs were
$147,876.00 per patient in belatacept group and $106,803.00 per patient in the tacrolimus
group (34). The incremental cost-effectiveness ratio (ICER) was $488,964 per death averted.
An alternative model found an ICER of $1.07 million per death averted. Using AWP, the
average cost per dose for a 70 kg patient, ranges from $2,000.00 to $3,000.00 depending on
if the patient is in the induction or maintenance phase dosing interval. Other considerations
include cost of nursing or administration, as belatacept is administered as an infusion
requiring patients to be seen in a hospital or outpatient clinic. However, if improvement in
toxicities of CNI could be demonstrated over time, then the high initial cost of this drug
could be justifiable.

While not currently indicated for use in solid organ transplantation, eculizumab (Soliris®), a
monoclonal antibody, acts by binding to complement protein C5 inhibiting its cleavage to
C5a and C5b preventing the generation of terminal complement complex C5b-9 (35). The
use in solid organ transplantation is off-label and includes prevention and treatment of
antibody mediated rejection. Phase Il studies are currently underway. This agent is also
under investigation to mitigate delayed graft function as complement activation has been
implicated in reperfusion injury (reviewed in (36)). Cost considerations include significant
and possibly long term costs to centers and payers (37). Cost-effectiveness might only be
evident if a comparison with long term cost of renal replacement therapy was conducted. An
average dose, based on AWP, can range from $21,000.00 and $29,000.00 (900 mg and 1200
mg, respectively), with a slightly lower price based on eligible-hospital 340B pricing or
when dosed as an outpatient.

Immune Globulin

Immune Globulin is commercially prepared preparations of the 1gG fraction of antibodies
derived from pooled human plasma. Although the exact mechanism by which it exerts
immunomodulatory effects is not entirely clear (38), information has been published
regarding immune globulin and its place in transplant therapy (39, 40). Success has been
documented as monotherapy or in combination with other agents in the highly sensitization
patient, both improving transplant rates by reducing anti-HLA antibodies and as an

Curr Transplant Rep. Author manuscript; available in PMC 2016 June 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

James and Mannon

Rituximab

Page 8

immunomodulatory agent for those awaiting transplantation. Immune globulin is also
frequently a component of desensitization protocols prior to transplantation. Intravenous
Immune globulin (IVIG) has been used in the treatment of antibody mediated rejection
along with infectious or immunodeficiency conditions in solid organ transplant patients.
Cost information may be specific to practice site depending upon the formulation used,
however, when one institution compared their average cost of an IVIG treatment containing
regimen and the annual cost incurred by Medicare for care of ESRD patients and renal
transplant recipients, the cost associated with the antibody-lowering protocol was
substantially less than maintaining patients on dialysis for 4-5 years (39). For an average
dose for 70 kg patient (1-2 g/kg/dose) the cost is $10,500-20,000 per 1g and 2 g dose,
respectively, based on AWP. Some Center specific protocols require multiple courses of 1-2
g depending on the level of donor antibody detected and/or based on timing after
transplantation. Thus, in conventional use, the therapy may be applied repeatedly as the
above cost.

While not a standard member of the immunosuppressive drug regimen, the use of Rituximab
(Rituxan®), a monoclonal antibody against CD20, has been an adjunct in the
armamentarium against antibody mediated injury (41). While the efficacy of this therapy in
these indications is under study, transplant practitioners continue to use this medication off
label for desensitization of recipient against donor HLA, for treatment of rejection, and in
prevention of rejection (42) Dosing is based on body surface area and can be costly. For
example, a single dose of 400 mg, based on AWP, would cost $3,384.

Other Considerations in Transplantation

Impact of generic formulations

Currently, many of the maintenance oral immunosuppressants are available in generic form
including cyclosporine (2000), MMF (2008), tacrolimus (2009), mycophenolate sodium
(2014) and sirolimus (2014). After the use of generic cyclosporine and issues that followed
for many in the conversion, safety in using generic immunosuppression continues to be a
consideration. Approval of generic therapies follows a different route for the FDA. Ensor et
al. provides an excellent overview of this approval process (6). Here, they concluded that
generics are a reasonable option for transplant recipients but caution should be taken and
education provided at the prescriber and patient level. Although unit price of medication
may be less for generic formulations of medication, a concern remains for increased initial
cost when conversion from brand product to generic due to cost resulted from increased
laboratory monitoring and clinic visits. Other costs to consider include adverse effects,
rejection episodes, etc. Immunosuppression was reported to account for approximately 6.6%
of the total cost of renal transplantation in the first year and when considering 2010 AWP
cyclosporine microemulsion, tacrolimus and mycophenolate generics are 15%, 7%, and 29%
less expensive, respectively, than the branded products (6).
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The cost of non-adherence

A recent descriptive survey of transplant centers captured the prevalence of
immunosuppressive medication-related problems that kidney-transplant recipients
experience. When asked the question what percentage of kidney transplant recipients
followed at a transplant center were not taking their maintenance immunosuppressive drugs
as prescribed because of difficulties associated with their ability to pay for their medications,
28% of adult programs listed 0-5% of their patients not taking their immunosuppressive
drugs as prescribed, 25.3% of centers reported problems in 6-10% of patients and 32% of
programs listed 11-20% of patients had difficulty paying for medications. In adults,
Medicare was ranked highest as the source of coverage for maintenance IS (68.5%) with
Medicaid (29.8%) and Private insurance (29%) second and third, respectively (5).
Information gained from the U.S. Renal Data System reports in the year a kidney transplant
recipient's graft fails, third party payers experience an average annual expense of
$82,765.00. If the patient returns to dialysis, the average annual expense is $70,581.00, and,
if the patient is re-transplanted, the average cost is $106,373.00. However, annual third party
reimbursements for a patient who has a functioning kidney transplant average $16,844.00,
making transplantation the most economically desirable long-term option (43).

The cost of treating allograft rejection

Newer agents have resulted in significantly fewer acute rejection episodes in the first year
after transplantation when compared to older generation immunosuppression (44). With the
disparity in donor organs and longer waiting lists for transplant, transplant centers continue
to take on more risk in terms of higher immune and graft functional risks (eg. use of
expanded criteria donors (ECD), desensitization protocols). Hospitalization and treatment
with lymphocyte depleting agents can be both costly to centers and patients. Newer agents
used alone or in combination to treat antibody mediated rejection can be even more costly.
A recent study evaluating the economic impact of acute rejection analyzed Medicare insured
kidney transplant recipients and reported that among standard criteria donor (SCD) kidney
recipients, antibody treated acute rejection resulted in incremental marginal costs of $22,407
in the first year, $18,603.00 in the second year, and $13,909.00 in the third year after
transplantation (45). The increased marginal costs associated with non-antibody treated
acute rejection in the periods of evaluation were lower at $14,122.00 in the first year,
$7,852.00 in the second year, and $8,234.00 in the third year after SCD transplantation.
Patterns were similar among living donor and ECD transplant recipients with a few
exceptions. Reported proportion of total costs attributable to AR, accounted for 2.3% to
3.8% of total period costs among SCD and LD recipients, and a similar proportion of year 1
and 2 period costs among ECD recipients.

The 340B drug pricing program

Established in 1992, the 340B prime vendor program was established to provide financial
relief to specific organizations that provide medical care to the underserved. The purpose of
this federally enacted in law program was to reduce the price of outpatient prescription and
over-the-counter drugs to medical centers that are federally qualified health centers and
hospitals. Participating hospitals in 340B must follow strict policies and procedures to
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ensure adherence to program eligibility guidelines. The Program establishes a ceiling price,
which is the maximum price a manufacturer can charge. Those prices are calculated
quarterly by manufacturers and can result in 20% to 50% of the AWP for entities enrolled in
this program (46). Although meeting eligibility criteria, remaining compliant and preparing
for government audits poses challenges and may actually increase initial costs for
institutions, but does provide significant long term cost savings when medications are used
and dispensed on the outpatient level. While no study has been undertaken regarding the
impact of this program nationwide on immunosuppression, a recent retrospective analysis of
its impact in two community health centers for 2,772 covered individuals demonstrated an
average cost savings of $62 (47). While seemingly small savings, this was for more common
medical conditions and certainly holds specific impact on Centers serving patient
populations that lack medication coverage.

drug development

DiMasi et al. estimated an average price of $802 million (in year 2000 dollars) for the
discovery and development of a “new chemical entity” or essentially a new drug. This cost
considers cost of ailed products along with the cost of those entities that receive approval
(48). Dickson et al. reported that there has been an increase in the average time it takes for
drug approval (7.9 years in 1960s to 12.8 years in 1990s), due in part to increase length of
clinical trials, which authors believe contribute to the increase in cost of development (49)
and the ongoing issues of defining endpoints, particularly in transplantation, has led to
significant barriers in new drug development. Some cost may be reduced here if primary
development is for another disease and the drug repurposed, but the impact of this
financially remains uncertain.

The Affordable Care Act

The impact of the Affordable Care Act in solid organ transplantation remains another
unknown in the understanding of immunosuppression cost (50). Medicare coverage is
limited, providing for the procedure but only 80 percent of the cost of immunosuppressive
medications for 36 months after transplantation and no coverage thereafter unless disabled
or age eligible. This gap in cost, estimated to be ~$25,000 per year, is for standard
medications (51). It is theoretically possible that the ACA's insurance exchanges will
include lifetime coverage for immunosuppressive drugs. The exact overage that will be
provided and its implementation including lifetime coverage offered at perhaps a lower price
option has yet to be determined. The cost savings of such lifetime coverage may be related
due to reduced non-adherence (5, 52) thus minimizing immune mediated injuries that
contribute to late allograft failure.

Conclusion

The cost of kidney transplantation is clearly affected by the need for lifetime
immunosuppressive drug use. As transplant recipients' lifespans and long term allograft
survivals improve, this cost will remain a fairly constant financial requirement. As
complications develop or more immune risk transplants are undertaken, the added expense
of the biologics comes into play. There is ongoing demand, too, for therapies with less long
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term toxicities that contribute to cardiac morbidity and these newer agents are costly in
terms of their use. Offsetting this concern is the possibility of better graft function, less graft
immune injury episodes and better adherence. While data are limited, the lack of
affordability for the uninsured of conventional therapy argues for improved support and
access for chronic immunosuppression.
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