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Abstract

Rising expenditures threaten healthcare sustainability. While transplant programs are
typically considered profitable, transplant medications are expensive and frequently
targeted for cost savings. This review aims to summarize available literature support-
ing cost-containment strategies used in solid organ transplant. Despite widespread
use of these tactics, we found the available evidence to be fairly low quality. Strategies
mainly focus on induction, particularly rabbit antithymocyte globulin (rATG), given its
significant cost and the lack of consensus surrounding dosing. While there is higher-
quality evidence for high single-dose rATG, and dose-rounding protocols to reduce
waste are likely low risk, more aggressive strategies, such as dosing rATG by CD3+
target-attainment or on ideal-body-weight, have less robust support and did not al-
ways attain similar efficacy outcomes. Extrapolation of induction dosing strategies to
rejection treatment is not supported by any currently available literature. Cost-saving
strategies for supportive therapies, such as IVIG and rituximab also have minimal lit-
erature support. Deferral of high-cost agents to the outpatient arena is associated
with minimal risk and increases reimbursement, although may increase complexity
and cost-burden for patients and infusion centers. The available evidence highlights
the need for evaluation of unique patient-specific clinical scenarios and optimization
of therapies, rather than simple blanket application of cost-saving initiatives in the

transplant population.
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1 | INTRODUCTION

Solid organ transplant is associated with improved survival and
quality of life.! Transplant has been associated with health care cost
reductions, particularly kidney transplant.? A transplant program is
typically considered a profitable venture for healthcare systems.
Despite this revenue generation, transplant medications are expen-
sive and frequently targeted for cost savings. There are a number of
available strategies to contain costs that have variable degrees of
literature support. A blanket application of these strategies to all pa-
tients and clinical scenarios may not always be appropriate, however
is often employed by transplant centers. The following will review
and evaluate available literature supporting the most common cost-
saving initiatives with an emphasis on stewardship of solid organ
transplant resources rather than basic cost-saving measures, in an
attempt to promote safe and appropriate use of drugs and maximize
potential for optimal outcomes for each individual patient. A sum-
mary of the following information can be found in Table 1.

2 | METHODS

Cost-saving strategies were identified through expert consensus via
query of the Immunology/Transplantation Practice and Research
Network of the American College of Clinical Pharmacy with a focus
on high cost-per-unit agents. A review of English language articles
using PubMed, the Cochrane Controlled Trials Register (1960-
2020), and EMBASE (1991-2020) for studies evaluating cost-saving
strategies of interest in adult (age >18 years) solid organ transplant
recipients was conducted in August 2020. Additional studies were
identified by searching bibliographies and abstracts presented at the
American Transplant Congress (1990-2020). There were no restric-
tions on study design. Search terms included basiliximab, interleukin
2 receptor antagonists, rabbit antithymocyte globulin, alemtuzumab,
lymphocyte depleting induction, rituximab, eculizumab, bortezomib,
antibody mediated rejection, desensitization, cytomegalovirus hy-
perimmune globulin, immune globulin/IVIG, cost effectiveness/
savings/containment and transplant/ation. Given the focus on high
cost-per-unit tactics, strategies including maintenance immunosup-
pression, antimicrobial agents, and other commonly used medica-
tions in transplant were not included. Eligibility assessment was
performed independently in a standardized and unblinded manner
by two reviewers. All dollar amounts noted throughout the manu-

script are in US dollars unless otherwise specified.

2.1 | Induction immunosuppressive strategies

Induction immunosuppressive agents are medications given at the
time of transplant to prevent acute rejection during the inflamma-
tory period of initial immune activation. The choice of induction
agent is often determined based on donor and recipient risk fac-
tors. Current induction therapies supported in the literature include

the nondepleting antibody basiliximab and lymphocyte-depleting
antibodies rabbit antithymocyte globulin (rATG) and alemtuzumab.
Due to associated costs® induction immunosuppression is a com-
mon target, despite literature that supports its long-term cost-
effectiveness.? In this section, we will examine potential cost-saving
strategies for induction immunosuppression, including dose modifi-

cation, individualization, and timing.

2.1.1 | NonDepleting strategies

The IL-2 receptor antagonists (IL2RAs) are non-depleting induc-
tion agents that block CD-25, the T-cell IL-2 receptor, to prevent
proliferation of T cells.” Currently, the only available IL2RA is basi-
liximab. Basiliximab is a chimerized monoclonal antibody approved
for prophylaxis of acute rejection in patients receiving kidney trans-
plantation when used as part of an immunosuppressive regimen in-
cluding cyclosporine and corticosteroids.® Average wholesale price
(AWP) for a single 20 mg vial is $3000. Basiliximab has been studied
in four, double-blind, randomized, placebo-controlled clinical stud-
ies with the first dose administered within 2 h prior to transplant
surgery (Day 0) and the second dose administered on Day 4 post-
operatively. Maintenance immunosuppression consisted of cyclo-
sporine and prednisone with the optional addition of azathioprine
or mycophenolate. Basiliximab administered in this way showed an
economic advantage over dual therapy alone (difference $3373),
which was presumed to be mediated by reduction in acute rejection
in the first postoperative year (38% vs 58%, P < .01).

Given the current climate of cost-conscious care and improved
efficacy of maintenance immunosuppression since its initial ap-
proval® alternative basiliximab dosing strategies have been explored,
focusing on dose reduction and modification in the timing or omis-

sion of the second dose.

Single-dose basiliximab

The two-dose regimen was chosen to provide 30-45 days of IL-2RA
saturation. However, results from phase 1 and 2 studies and a mul-
ticenter, prospective, dose-finding study suggest that a single 20 mg
dose may sufficiently suppress T cells and prevent acute rejection in
kidney transplant by achieving a concentration of 0.7-1.0 ug/mL and
adequately suppressing CD-25A.71° The duration of CD-25A sup-
pression appeared to be dose-dependent, as a single dose of 20 mg
of basiliximab provided adequate CD-25 suppression for 20 + 7 days
while three doses of 20 mg extended suppression to 53 + 17 days.
In patients receiving basiliximab administration with cyclosporine,
corticosteroids, and mycophenolate mofetil, the duration of IL-2RA
suppression was extended 59 * 1.7 days.!

The second dose of basiliximab was initially advised in the set-
ting of historical maintenance immunosuppression with cyclospo-
rine, azathioprine, and prednisone. With the broad utilization of the
more potent triple drug regimen including tacrolimus and mycophe-
nolate,® the necessity of the second dose has been questioned. In
a retrospective review of low immunologic risk kidney transplant
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Allograft
studied

Estimated cost savings of
strategy (if applicable)

Cost (AWP per
Lexicomp)

Benefits v Risks

Literature support

Strategy of interest

There are currently no data for use of rituximab

N/A

Mulcahy AW et al Rand Health Q.

For a 50-year-old 100 kg 5'8"

Rituxan(R):

Biosimilar Usage

biosimilar in solid organ transplant recipients.

male patient: 500 mg vs 2018;7(4):3

375 mg/m? (821.25 mg)

100 mg/10 mL

(per mL):

$2190.08 USD

$112.74 USD

Ruxience(R):

100 mg/10 mL

(per mL): $86.02

usD
100 mg/10 mL (per

Highly dependent on hospital purchase cost, insurance

N/A

Magellan medical pharmacy trend

Dependent on reimbursement by

Ambulatory

outpatient formularies, and site of care restrictions.

report/2018

insurance, hospital specific
purchase cost, and site of

mL): $112.74

usbD

administration

care (home infusion, hospital

OP, or physician's office).
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recipients, a single 20 mg dose of basiliximab was found to be as
effective as two 20 mg doses in preventing rejection.12 Incidence
of acute cellular (ACR) and antibody-mediated rejection (AMR) were
similar between the single- and double-dose groups (ACR 4% vs
7%, P = .2; AMR 19% vs 19%, P = .9). A second study also found
no difference in rejection or graft loss with a second 20 mg dose
compared with a single 20 mg dose of basiliximab dose.*® In this
study, patients received either one or two doses based on financial
reasons. Information pertaining to immunologic risk factors was not
provided.

These findings call into question the benefit of basiliximab
over no induction in low-risk patients in the modern era. This is
currently under active investigation (ClinicalTrials.gov Identifier:
NCT04404127). Based on the current available evidence, a single
20 mg dose of basiliximab for induction in low immunological risk pa-
tients could be employed as a safe and effective cost-saving strategy
with an estimated savings of approximately $3,000 and minimal risk.
In patients with delayed target tacrolimus trough attainment, admin-
istration of the second dose to provide ongoing IL-2 inhibition could

be considered'*

although this has not been specifically studied.
Low-dose basiliximab

The utilization of a split total 20 mg dose of basiliximab has also
been investigated. In a study evaluating the efficacy and safety of
two 10 mg doses of basiliximab on post-op day O and day 4 in 17
de novo heart transplant recipients, 1-year all-cause mortality and
ISHLT grade 22R ACR rate were 6% and 12% lower than those re-
ported in previous trials.'> Average time to achieve target CNI levels
was 14 + 5 days post-transplant. The incidence of treated infections
was also lower than reported in previous studies. At 1-year post-
transplant, 25% of patients had been treated for an infection and
35% of patients had asymptomatic cytomegalovirus (CMV) infec-
tion. This study was limited by its small size, lack of comparator and
single allograft subtype. Utilizing this dosing strategy could result in
a cost savings of approximately $3000.

Second-Dose Basiliximab Timing

The median length of stay following a kidney transplant was 5 days
(IQR 4-6)in 2014, and it is common to prepare patients for discharge
as early as post-op day 2-3.2¢ In clinical dose-finding studies, basilixi-
mab was administered to adult kidney transplant recipients in single
doses up to 60 mg and divided doses over 3-5 days up to 120 mg
without serious adverse effect, suggesting potential tolerance of al-
ternate regimens.® The second dose of basiliximab has been admin-
istered early to decrease costs related to length of stay and has also
be shifted to the outpatient setting to decrease inpatient drug costs
and increase reimbursement.

In summary, modification of current FDA-recommended dos-
ing schemes of basiliximab for induction may provide cost savings
without compromising outcomes. Administration of one dose of
basiliximab in low-risk patients is an attractive option for centers, as
it eliminates the cost of the second dose completely. Alternatively,
adjusting the timing of the second dose could provide cost savings
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by decreasing length of stay and overall hospital costs or by improv-

ing reimbursement.

2.2 | Depleting strategies

Lymphocyte-depleting induction, rATG and alemtuzumab, has been
used in solid organ transplantation to reduce the risk of acute rejec-
tion in immunologically high-risk patients and facilitate maintenance
regimens that employ steroid withdrawal. Evidence exists support-
ing the cost-effectiveness of depleting induction over no induc-
tion or IL2RA induction strategies in the setting of deceased donor
kidney transplant in all degrees of immunologic risk and most age-
groups.* Despite this, depleting induction, particularly rATG, is a fre-
quent target for cost-containment strategies. The following section
describes strategies to decrease costs associated with rATG and the
evidence to support these, including substitution with alemtuzumab.

221 |
(rATG)

Rabbit antithymocyte globulin strategies

Rabbit antithymocyte globulin strategies is a lymphocyte-depleting
agent that binds T-cell surface antigens to induce cell lysis and re-
duce circulating T lymphocytes in a dose-dependent manner. The
FDA-approved dosing for rATG induction in kidney transplant is
1.5 mg/kg for 4-7 days17 ; however, the optimal rATG dosing for in-
duction remains debated and increased cumulative dose is associ-
ated with increased risk of infection and malignancy.18

AWP for a single 25 mg vial of rATG is $797.35, making an av-
erage dose for a 70 kg patient $3189.40° and costs continue to
rise in the setting of recent FDA approval.l” rATG is typically given
in 4-6 doses, making a total course cost between $12,757.60 and
$19,136.40. Numerous cost-saving strategies have been examined,
including those which reduce the cumulative total dose adminis-
tered and those that reduce hospital length of stay.

2.2.2 | Cumulative rATG dose reduction

Given the lack of consensus regarding the optimal regimen in varying
populations and the risks associated with rATG, the cumulative rATG
dose is an important stewardship target. Potential approaches in-
clude stratifying rATG doses based on immunologic risk status, inter-
mittent dosing guided by CD3+ T lymphocyte count and dosing rATG
based on ideal body weight (IBW) versus total body weight (TBW).

rATG dosing based on immunologic risk

The rATG dosing regimen and duration are derived from a pooled
analysis of two international clinical trials conducted in high immu-
nologic risk recipients.17 Exclusion of the low immunologic risk pop-
ulation in this study has left the optimal dosing and duration in this
population ill-defined. Based on this, strategies tailoring the dose of

rATG to patients’ immunologic risk as a mechanism for reducing cost
and adverse effects while optimizing outcomes have been explored.

In a single-center retrospective cohort study comparing three
different rATG dosing strategies of 3 mg/kg (non-sensitized living
donor recipients; n = 96), 4.5 mg/kg (nonsensitized deceased donor
recipients; n = 102), and 6 mg/kg (history of prior transplant, PRA
>20%, or flow cytometry crossmatch positivity; n = 26), researchers
saw no significant difference in rejection, graft survival, or patient
survival between the three groups.19 The researchers concluded
that cumulative doses of 3-4.5 mg/kg of rATG in standard immu-
nologic recipients receiving a living or deceased kidney transplant,
demonstrated similar efficacy at one-year post-transplant as 6mg/
kg given to higher risk patients.

A prospective, single-center study of 16 primary, low PRA kidney
recipients evaluated the efficacy of rATG 3 mg/kg vs 4.5 mg/kg.?°
Patients in both arms experienced rapid initial T-cell depletion and
lymphocyte depletion within three days post-transplant. Patients
receiving rATG 4.5 mg/kg had a more prolonged depletion of CD3+
and CD4" 30 and 180 days post-transplant. No acute rejection was
reported in either arm.

Reduced cumulative rATG dose has also been investigated in pa-
tients with higher immunologic risk. In a retrospective analysis com-
paring rates of rejection in high-risk kidney transplant recipients,
defined as repeat transplant, African American race, or PRA >20%,
rATG at 4.5 mg/kg versus 6 mg/kg resulted in similar rates of acute
rejection between both groups at 6 and 12 months post-transplant
(6 months: 4.5 mg/kg = 10% vs 6 mg/kg = 9%; 12 months: 4.5 mg/
kg = 10% vs 6 mg/kg = 11%). Patient and graft survival were also
similar.??

These studies suggest that in a select group of patients, a re-
duced cumulative dose of rATG 4.5 mg/kg may achieve similar rates
of patient and graft survival with comparable short-term rejection
rates to 6 mg/kg and theoretically reduced risk of toxicity. Compared
with a 6 mg/kg cumulative dose, administration of 4.5 mg/kg would
save approximately $3189.40 for a 70 kg recipient. In addition to
small sample size and single-center designs, this evidence is limited
by lack of immunologic risk assessment utilizing donor specific an-
tibodies (DSA); therefore, it may be prudent to exclude those with
pretransplant DSA from dose-reduction strategies until further in-

formation is available.

rATG dosing based on CD3" target attainment

Based on the profound and relatively sustained lymphocyte deple-
tion following rATG administration, intermittent rATG dosing based
on a predetermined peripheral CD3+ T lymphocyte threshold of
>10-50/mm? has been described in several small, single-center stud-
ies.?2 The proposed benefits of customized over “flat” dosing include
reduced cumulative dose, fewer adverse events, and resultant drug
cost savings.

In a prospective study, high-risk (PRA >30% or repeat transplant)
kidney and kidney-pancreas recipients (n = 41) received induc-
tion with rATG 1.5 mg/kg/dose intermittently based on peripheral
blood CD3" lymphocyte counts >20 cells/mm?®.2® Maintenance
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immunosuppression included a CNI, mycophenolate mofetil, and
prednisone. The total cumulative dose of rATG per patient was
4.2 mg/kg, which was 69% lower than the historical control. This
resulted in a cost savings of 46% based on center-specific pricing of
rATG and CD3" testing. One-year outcomes were 86% freedom from
acute rejection, 92.7% kidney allograft survival, 81.8% pancreas al-
lograft survival, and 95% patient survival, which were comparable to
concurrent SRTR reported outcomes.?

Another prospective, single-center, comparative study investi-
gated a dosing strategy of low-dose rATG (50 mg) given daily versus
intermittently in 39 kidney transplant recipients.?* In the intermit-
tent dosing group, rATG was given daily for three days and subse-
quent doses administered when CD3" T lymphocytes were >10/
mm®. Maintenance immunosuppression included cyclosporine, aza-
thioprine, and prednisone. All patients received rATG induction until
therapeutic cyclosporine concentrations were achieved, which was
approximately 11 days for both groups. Compared with the daily dos-
ing group, the intermittent rATG group received significantly lower
mean cumulative doses per patient (381.5 + 121 vs 564 + 134.5 mg/
patient, respectively; P = .0001). Based on center-specific pricing
and costs in the year 2000, the authors reported a net savings of
$760 per patient with intermittent rATG dosing. Extrapolated to to-
day's costs, this dosing regimen would save approximately $5820.
There was no significant difference in renal function, acute rejec-
tions episodes, or adverse events between dosing strategies.

In response to positive results in kidney transplantation, Uber
and colleagues studied intermittent rATG dosing using CD3* T
lymphocyte monitoring for induction (n = 4) and rejection treat-
ment (n = 5) in eight cardiac transplant recipients.?’ Induction with
rATG 1.5 mg/kg was initiated at time of transplant, and subsequent
doses were given to maintain daily CD3* counts <25/mm? until CNI
troughs were therapeutic. All patients also received mycophenolate
mofetil and prednisone. Patients in the induction therapy group
(n = 4) experienced no rejection episodes over the follow-up pe-
riod of 214 + 162 days. For rejection, rATG 1.5 mg/kg was given
per CD3" thresholds for 7-10 days. All patients treated for rejection
(n = 4) responded to initial therapy with resolution of the acute re-
jection episode; however, two patients had recurrence of rejection
with one of these patients requiring additional rATG therapy and ul-
timately passing away due to graft failure. For all patients studied,
an average of 3.8 + 1.5 doses per treatment course were needed to
maintain CD3" suppression for 9 + 3 days. Compared with standard
daily rATG dosing, the intermittent dosing strategy resulted in a 60%
reduction in total mg/kg dosing exposure, and a 58% reduction in
the cost of drug therapy per patient.

These studies suggest that customized rATG induction dosing
based on target attainment could optimize drug cost and minimize
toxicity. Unfortunately, due to delays in laboratory reporting of lym-
phocyte subsets at most centers and associated testing costs, this
strategy has not been widely adopted. Additionally, sensitization
as measured by DSA was not specifically evaluated, again limiting
this approach in this patient subset. Finally, there is very minimal
evidence to support this strategy in the treatment of rejection,
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suggesting exclusion of this indication from target attainment dos-

ing strategies.

rATG dosing based on body weight

The FDA labeling of rATG does not specify body weight type for dos-
ing calculation.?® A pharmacokinetic study published in 1996 dem-
onstrated lack of rATG distribution into adipose tissue, suggesting it
may be appropriate to dose rATG based on IBW.?” Because of this,
many centers have transitioned to IBW dosing as both a cost-saving
and theoretical dose-optimization strategy.

In a retrospective cohort study of high-risk kidney transplant
recipients, researchers compared outcomes in patients receiving a
cumulative dose of rATG 7.5 mg/kg based on IBW versus TBW.2
High-risk patients were defined as those with PRA >40%, second
transplant with early graft loss, third or greater transplant, or by phy-
sician discretion. No significant difference in biopsy-proven acute
rejection (BPAR) at 90 days post-transplant was seen between the
IBW and TBW groups (4.2% vs 0%, P = .5). There was a numerically
higher rate of BPAR at one-year post-transplant in the IBW versus
TBW group (8.2% vs 0%, P = .1), but this was not statistically signifi-
cant. No difference was seen in patient or graft survival at 90 days or
one-year post-transplant. There was also no difference in incidence
of delayed graft function (DGF) or renal function at last follow-up.
No significant difference was seen in incidence of BK, CMV, or fun-
gal infections. Finally, the median cost of rATG induction was lower
per patient in the IBW arm compared with TBW, though this was not
statistically significant ($17,542 vs $19,934, P = .3). It is important to
note that patients in the IBW arm had a higher TBW, and it has been
shown that patients with body mass index (BMI) 235 kg/m? have an
increased risk of BPAR compared to those with BMI of 20-24.9 kg/
m? (HR: 2.43, 1.48-3.99).%

Inaretrospective, longitudinal, cohort study published in abstract
form, cumulative rATG induction doses of >7.5 mg/kg or <7.5 mg/kg
were assessed, comparing the association of dosing based on TBW,
IBW, and adjusted body weight (AdjBW) for efficacy and safety out-
comes.%° Immunologic risk was not specifically noted. The authors
found no association between TBW, IBW, or AdjBW and acute re-
jection at any dose between 6 and 10 mg/kg (P > .7). However, IBW
doses of <7.5 mg/kg were significantly associated with increased
hospital readmission (P = .046). Cumulative dose based on IBW were
anindependent risk factor for infection (P = .018). The authors noted
for every 50 patients who received induction dosing based on IBW,
there was a potential cost savings of approximately $220,000.

Based on these limited studies, utilizing IBW for rATG induction
dosingis a strategy that may provide similar outcomes to TBW dosing
and potential cost savings. Again, these studies did not specifically
assess immunologic risk by pretransplant DSA and only evaluated
kidney transplant recipients. Though not statistically significant, re-
duced cumulative rATG doses trended toward increased rejection/
readmissions. IBW dosing was not associated with improved toxic-
ity over TBW. As with other strategies, blanket application of IBW
induction dosing may not be appropriate in all scenarios, and IBW
dosing has not been evaluated in the setting of rejection.



JORGENSON ET AL.

89113 | v Ly-Jcinical Taispuavion

rATG dose rounding and capping

Another cost-reduction strategy is rATG dose rounding, including
rounding to the nearest vial size (25 mg) to reduce waste and imple-
menting maximum individual or cumulative doses. While these are
relatively common practices, they have limited supporting evidence.
The FDA labeling of rATG does not recommend any dose rounding
or maximum dose.?

Dose rounding and capping were evaluated in a retrospective
study of 242 adult kidney transplant recipients with early steroid
withdrawal utilizing four doses of rATG 1.5 mg/kg TBW, rounded to
nearest 25 mg and capped at a single maximum dose of 150 mg.%!
Patients were divided into those who received <6 mg/kg or those
who received 26 mg/kg. Patients in the 26 mg/kg group had a sig-
nificantly lower incidence of BPAR (11% vs 21.2%, P < .042), but no
difference was seen in patient and graft survival between groups.
Additionally, no difference in renal function, leukopenia, or throm-
bocytopenia was found between groups.

A similar study was conducted in 261 adult kidney transplant re-
cipients maintained on tacrolimus, mycophenolate but with steroid
continuation.®? Patients received rATG induction dosed on TBW to
a goal of 5 mg/kg but capped at a total of 500 mg. Patients were
divided into rATG cumulative doses of <5 and 25 mg/kg TBW. No
difference was found in incidence of BPAR between groups (8.9%
vs 8.7%, respectively, P = .944). No differences were found in other
clinical endpoints or adverse effects, leading the authors to con-
clude that, in the setting of triple drug immunosuppression, modest
differences in cumulative doses based on dose capping did not result
in compromised efficacy. Cost savings of capping was not specifi-
cally assessed.

In addition to these studies, several other studies have been pub-
lished that note rounding rATG doses to the nearest vial size.?%2833
These studies suggest it is common practice to round to the nearest
25 mg increment to reduce waste, and dose capping and rounding
may be implemented safely in transplant recipients, though some
caution may be necessary in those with higher body weights. There
is no evidence to suggest a maximum lifetime cumulative dose of
rATG, and dose capping has not been specifically studied when rATG
is used for the treatment of rejection, suggesting exclusion of these

patients from dose capping protocols.

2.2.3 | rATG strategies to reduce length of stay
Other mechanisms for cost savings include administering a higher
individual rATG dose to expedite discharge and administering doses

of rATG in clinic to decrease inpatient drug costs.

Higher individual rATG dose administration
Administration of higher single doses of rATG to achieve the same
cumulative goal can optimize use of rATG, resulting in reductions in
length of hospital stay.

In a prospective nonrandomized study of 40 kidney transplant
recipients receiving rATG for induction immunosuppression, a single

intraoperative dose of 3 mg/kg followed by 1.5 mg/kg for two sub-
sequent postoperative days to a cumulative dose of 6 mg/kg was
compared with a historical control of 1.5 mg/kg daily with a cumu-
lative dose of 10.5 mg/kg.34 The authors found no difference in re-
jection rates (P > .99), graft (P = .46), or patient survival (P = .46) at
1 year. After the first month, absolute lymphocyte counts in the 3-
day group were lower than the 7-day (P < .05). Mean hospital length
of stay was significantly reduced (6 days for the 3-day regimen vs
8 days for the historical control, P =.002).

In a retrospective, single-center study of 118 adult kidney
transplant recipients receiving rATG for induction, patients re-
ceived rATG at 1.5 mg/kg for 4 days or 2 mg/kg for 3 days.>> No
difference in serum creatinine (1.6 + 1.3 [1.5 mg/kg] vs 1.6 £ 0.9
[2 mg/kg]; P = .898) or rejection-free survival (95% in both groups;
P = .983) was found at 2 years. At the time of the study, AWP of
rATG was $610 per 25 mg vial. The study reported an average cost of
$11,569 + $3239 in the 1.5 mg/kg group and $10,649 + $3178 in the
2 mg/kg group (P =.122), and a numerically longer length of stay for
the 1.5 mg/kg group that was not statistically significant (6.0 + 3.7
vs 5.1 £ 1.9 days; P = .104).

A rigorously designed, randomized, double-blind, double
dummy, multicenter clinical trial evaluating single-dose rATG was
published by Stevens et al in 2016 following preliminary findings by
this group.2°~38 This study of 95 kidney transplant recipients eval-
uated safety and tolerability of single-dose rATG (6 mg/kg) versus
4 daily doses of 1.5 mg/kg rATG to the same cumulative induction
dose.%® Primary end points included early safety analysis of fever,
hypotension, hypoxia, cardiac events, and DGF. This study was ter-
minated due to early achievement of non-inferiority. No difference
was found in occurrence of primary end point events (P = .58), re-
jection (P = .78), graft survival (P = .47), or patient survival (P = .35)
at 12 months. Additionally, no difference in infectious complications
or side effects at 12 months were found between groups. Length
of stay was not evaluated. Of note, the two previous studies with
longer follow-up time found 5-year rates of rejection and infection
to be lower in patients receiving single-dose rATG when compared
to standard of care, leading the authors to claim potential superiority
of this administration strategy.®®”

In another randomized study in 90 kidney transplant recipients
(51% deceased donor) published the following year, three rATG in-
duction regimens were evaluated: 4.5 mg/kg in 3 divided doses over
3 days, 4.5 mg/kg as a single infusion and 6 mg/kg in 3 divided doses
over 3 days.*? Maintenance immunosuppression included tacroli-
mus, mycophenolate, and prednisone. All regimens had similar eGFR,
Scrand incidence of rejection at 1 year. Rates of investigator-defined
“serious infection” were reduced in those who received 4.5 mg/kg
over 3 days compared to the other groups (23% vs 33% and 30%, re-
spectively, P =.01). Incidence of CMV infection was also significantly
lower in this group (16% vs 26% and 33%, respectively, P =.003). BK
was more common in the 6 mg/kg group (23% vs 7% in both 4.5 mg/
kg groups, P =.001).

These studies suggest similar safety and efficacy outcomes
when employing higher single doses of rATG to the same cumulative
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induction goal. As a result, some centers may consider this approach
to facilitate reductions in hospital length of stay, particularly if pa-
tients’ immunologic risk limits the ability reduce the cumulative
dose. Single-dose administration has not been studied in the setting
of rejection, and the impact of single dose on infectious outcomes
may require more dedicated investigation.

Peripheral and outpatient rATG administration
Although the manufacturer does not specify type of intravenous ac-
cess for the administration of rATG, a central line is often utilized
according to the phase I clinical trial.*® Several single-center re-
ports demonstrated that rATG can be infused through a peripheral
line or hemodialysis fistula without serious adverse effects.334%43
Compared with central administration, peripheral administration
of rATG offers several advantages by avoiding central catheter
placement and associated complications and facilitating outpatient
administration, 264445

Peripheral administration of rATG has been shown to be safe and
effective when administered in the ambulatory setting without in-
creased rates of readmissions and resulting in significant reduction
in hospital length of stay.42’45 Infusion time is the major limitation to
this strategy. While outpatient administration has not been studied
in the setting of rejection treatment, the benefits in this population
would theoretically be more substantial, given the higher cumula-
tive dose for this indication and lack of need for inpatient surgical

recovery.

Alemtuzumab substitution
Alemtuzumab is a humanized monoclonal antibody that targets
CD52, causing profound depletion of T- and B lymphocytes, mono-
cyte, and NK cells.*® When used for induction in adult kidney and
pancreas transplant recipients, alemtuzumab is administered as a
single, 30 mg intraoperative dose.*”*® Studies found that alemtu-
zumab reduces rejection rates compared with IL2R blockade in low
immunologic risk patients and is associated with comparable rejec-
tion rates to rATG in high immunologic risk groups.”’” Alemtuzumab
is commonly grouped with rATG in studies, and no specific outcome
differences have been found when used for induction.
Alemtuzumab was removed from market by the manufacturer in
2012 due to rebranding, and access was restricted to the Campath
Distribution Program. Through this program, approved patients re-
ceive drug free of charge. As a result, utilization of alemtuzumab over
rATG became an attractive cost-saving measure. Administration of
alemtuzumab for induction could save a transplant center approxi-
mately $12,600 (70 kg person receiving 4.5 mg/kg rATG) per trans-
plant and provide similar safety and efficacy outcomes as rATG.
However, the company recently increased allocation restrictions, the
details of which are not available. As a result, utilization of alemtu-
zumab induction as a cost-saving measure has become limited.
Given its toxicity, lack of standardized dosing across transplant
centers and cost, rATG is a common stewardship target. Most evi-
dence is in the setting of kidney transplant and limited to the use of
rATG for induction. The most rigorously evaluated strategy is the use
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of higher single-dose rATG. Dose rounding is a low-risk and effec-
tive strategy to reduce waste. Peripheral ambulatory administration
is safe and effective. Dose stratification based on immunologic risk
appears to be associated with equivalent outcomes; however, risk
has not been assessed utilizing pretransplant DSA. More aggressive
strategies including IBW dosing and dosing based on CD3" target
attainment have less rigorous evidence supporting their use and
should not be extrapolated to the use of rATG for treatment of re-
jection. Additionally, the once attractive option of utilizing alemtu-
zumab through the drug distribution program is now hindered by
limited access.

2.3 | Strategies targeting
immunomodulatory therapies

Immunomodulating therapies such as intravenous immunoglobulin
(IVIG) and biologics such as rituximab are frequently used following
solid organ transplantation to treat and prevent AMR.*? IVIG prepa-
rations are also used to manage common viral infections.>°~>? In this
section, we will evaluate optimization strategies for immunomodula-

tory therapies including IVIG, rituximab, and other biologics.

2.4 | IVIG strategies

2.4.1 | IVIG dosing based on body weight

IVIG is a commercially available preparation of pooled human IgG
antibodies. Depending on indication, doses range from 0.1-0.5 to
1-2 g/kg.5®%* Package labeling does not specify a recommended
dosing weight. The cost of IVIG is not insignificant and varies based
on bottle size, manufacturer, and contract pricing. For example,
Privigen® AWP is $17.40/mL, making a single 500 mg/kg dose in a
80 kg patient approximately $7000. Pharmacokinetic analyses have
demonstrated the volume of distribution of IVIG ranges from 0.1 to
0.3 L/kg, indicating minimal distribution into the tissue.>® This has
led centers to pursue IBW dosing as a cost-saving initiative.

Studies in various patient populations have demonstrated sig-
nificant cost savings associated with IBW dosing. In a prospec-
tive review of IVIG use, IBW dosing saved an estimated 6088 g of
IVIG during the 2-year study period. This was conservatively asso-
ciated with an estimated $500,000 USD in cost savings per year.
Hypogammaglobulinemia in bone marrow transplantation and he-
matological malignancy (50.7%) and acute solid organ transplant re-
jection (11.8%) were common indications for use, suggesting these
as targeted patient populations.>

In one retrospective study, a multidisciplinary initiative incorpo-
rating automated dose rounding, commercial bottle dispensing, and
passive indication observation within order entry was evaluated for
impact on IVIG stewardship. Prior to implementation the prescribed
IVIG dose varied considerably from the expected dosage; 27 months
after order set implementation, the prescribed IVIG dose was closer
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to the expected dose.”” For nonobese patients, TBW was used in the
dose calculation, and in obese patients (>130% of IBW), AdjBW was
used. While this study did not directly assess the clinical implications
of this initiative, there was lower dose variability.

A retrospective analysis of IVIG utilization at a comprehensive
cancer center assessed three dosing methods by back extrapola-
tion: (1) AdjBW if TBW >120% IBW (Method 1), AdjBW for all doses
(Method 2), and IBW for all doses (Method 3).>” Compared with
provider-selected doses of IVIG, Method 1 would be associated with
a 21.9% decrease in IVIG (16,658 g/year, P < .001), Method 2 with
a 24.2% decrease (18,371 g/year, P < .001), and Method 3 with a
35.9% decrease (27,252 g/year, P < .001). This would also be ex-
pected to yield an average cost saving of $2.37 million (Method 1),
$2.62 million (Method 2), and $3.89 million (Method 3) and average
outpatient infusion time savings of 841 h (Method 1), 920 h (Method
2), and 1366 h (Method 3) per year. While no studies exist within
solid organ transplant that are comparable, other specialties have
extrapolated the potential benefits of utilizing IBW or AdjBW dos-
ing, particularly in obese patients.

Despite literature to suggest cost savings with IBW dosing of
IVIG for other indications, there are no dedicated studies in the solid
organ transplant population. Overall efficacy of IBW vs TBW IVIG
dosing is difficult to assess given the variability in dosing at baseline.
However, utilization of reduced dosing strategies is a feasible strat-
egy in solid organ transplant given the demonstrated time, cost, and

drug savings seen in other populations.

24.2 | IVIGvs CMV hyperimmune globulin
Cytomegalovirus is a ubiquitous opportunistic virus that causes in-
fection following solid organ transplantation and is associated with
negative patient and graft outcomes. CMV hyperimmunoglobulin
(CMViIg) is FDA approved for CMV prophylaxis following trans-
plantation. After a shortage disrupted supply, pooled IVIG largely
replaced the use of CMVIg, mostly due to the significant cost dif-
ferential between the two products (approximate AWP for a single
500 mg/kg dose for a 70 kg patient: $5000 USD IVIG vs $24,000
usD CMVIg)‘58 Consensus guidelines endorse the use of IVIG prod-
ucts as adjunctive therapy for both treatment and prophylaxis of
CMV; however, they do not guide product selection.’*>2 The major-
ity of available literature supporting the use of IVIG for CMV evalu-
ates CMVIg for prophylaxis in thoracic transplant.>”° There are no
published clinical studies demonstrating superiority of CMVIg over
pooled IVIG. In vitro evidence is conflicting, as these studies utilize
1gG subclasses, specifically 1gG3, as a surrogate marker of neutral-
izing titer to determine anti-CMV activity, the accuracy of which has
been questioned.®*%* Overall, measurement of antiviral antibody
activity found in IVIG products is not standardized and is highly vari-
able. Based on available evidence, the substitution of pooled IVIG
products for CMVIg as a cost-containment strategy does not appear
to increase risk of treatment failure, but further comparative clinical
studies are needed.

Rituximab strategies

Rituximab is a monoclonal antibody against CD20 on the surface of
B Iymphocytes.65 Rituximab in combination with other immunomod-
ulatory therapies has shown benefit in graft survival in the setting
of desensitization.®® Desensitization protocols vary among trans-
plant centers, including flat dosing (500-1000mg) or body surface
area (BSA) dosing (375 mg/m?).¢ Rituximab is also widely utilized
for AMR.

Rituximab is FDA approved for various indications. Dosing is
based off of BSA in oncologic indications, while rheumatoid arthritis
uses a fixed-dose strategy."f’ A pharmacokinetics study comparing
BSA dosing and flat dosing of 2000 mg in patients with rheumatoid
arthritis found that the area under the curve was similar between
both dosing schemes.®” While there are no pharmacokinetic stud-
ies available in solid organ transplant patients comparing these dos-
ing schemes, both strategies have been utilized in the literature. A
prospective study of a single rituximab dose of 375 mg/m2 in pa-
tients with steroid-resistant AMR showed significant reductions in
SCr from admission to discharge.®® Flat-dose rituximab at 500 mg
demonstrated significantly improved SCr with patient and graft sur-
vival of 100% at a median of 20 month follow-up in a small study
of seven patients.69 In this report, they estimated that patients re-
ceived an average of 252 mg less rituximab utilizing a flat-dose strat-
egy. At AWP, this could be associated with roughly $28,000 in cost
savings per patient.

Rituximab biosimilars are also now readily available. Biosimilars
have similar pharmacokinetic and pharmacodynamic profiles as
the originator drugs. For instance, rituximab-pvvr (Ruxience®) was
compared with the originator drug rituximab (Rituxan®) for rheu-
matoid arthritis in a phase | study and was found to have a similar
pharmacokinetic profile with sustained and significant suppression
of B cells up to 25 weeks.”® Although there is currently no litera-
ture on the use of biosimilars in solid organ transplant, usage may
be associated with significant cost savings and/or revenue gen-
eration depending on contractual costs and associated insurance

reimbursement.”?

Biologics site of administration

Site of care is an important consideration for cost savings.
Reimbursement for high-cost infusions is different on the inpatient
compared with outpatient setting. In the outpatient setting, this
is further stratified to hospital outpatient infusion centers, free-
standing infusion centers or home infusion. In the inpatient setting,
insurances do not reimburse for specific medications given. Rather,
they provide a single payment for nonphysician services, including
drugs. Specifics on reimbursement differences are outside the scope
of this paper. However, in the Magellan's 2017 Medical Pharmacy
Trend Report, a large difference between high-cost biologics used
for autoimmune disease was noted. For these drugs, the average
cost per claim was 1.9-2.6 times higher in the hospital outpatient
setting than in the physician office.”? Consideration of site of care
for high-cost infusions such as rituximab or eculizumab is an at-
tractive solution to optimize reimbursement and minimize inpatient
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costs without compromising outcomes.”®”* However, this remains
more of a cost-shifting strategy and may increase out-of-pocket ex-
penses of the patient, as well as result in increased cost-burden for

the infusion center.

2.5 | Maintenance immunosuppression strategies

A review of post-transplant cost savings would not be complete
without mention of maintenance immunosuppressive medications.
Unfortunately, a full review of this topic is outside of the scope and
limits of this piece. However, unlike induction and biologics, there
is fairly extensive literature available analyzing risks, benefits and
resultant socioeconomic impacts and costs of the maintenance im-
munosuppression, including tacrolimus and its alternative extended-
release formulations, as well as belatacept and mammalian target of
rapamycin inhibitors. For an in-depth review of this topic, we refer
the reader to the following piece.”® Further in-depth review of
costs associated with aspects of maintenance immunosuppression
dosing and formulation as well as methods to help balance these is

warranted.

3 | CONCLUSION

Our review of the available literature describing common cost-
containment strategies suggests fairly low quality of evidence, despite
widespread use. Strategies mostly focus on induction, particularly
rATG, given its significant cost per dose and the lack of consensus for
induction dosing. There is higher-quality evidence for high single-dose
rATG, and dose-rounding protocols to reduce waste are likely low risk;
however, more aggressive strategies, such as dosing by CD3+ target
attainment or IBW, have less robust support and did not always attain
similar efficacy outcomes. Furthermore, extrapolation of induction
dosing strategies to rejection treatment is not supported by any cur-
rently available studies. Supporting evidence is mostly derived from
the kidney transplant population, so caution should be taken when
extrapolating to other allograft subtypes. Cost-saving strategies for
supportive therapies, such as IVIG and rituximab also have minimal
literature support. Efficacy studies on the use of these agents have
similar shortcomings, so impact of cost-saving initiatives is more dif-
ficult to assess. Deferral of high-cost agents to the outpatient arena is
a strategy associated with minimal risk and is a seemingly straightfor-
ward, targeted stewardship intervention to increase reimbursement;
however, even this is cost-shifting rather than true cost savings in
most cases and could result in higher out-of-pocket expenses for the
patient and increased cost-burden to the infusion center. This review
highlights the need for stewardship and evaluation of unique patient-
specific clinical scenarios and optimization of transplant therapies,
rather than simple blanket application of cost-saving initiatives in the
transplant population, although the lack of a precision approach that
is relevant to the identification of immunologically high-risk patients

remains an issue.
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