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ABSTRACT
Background Kidney transplant recipients must take immunosuppressant drugs to prevent rejection and
maintain transplant function. Medicare coverage of immunosuppressant drugs for kidney transplant re-
cipients ceases 36 months after transplantation, potentially increasing the risk of transplant failure.
A contemporary economic analysis of extendingMedicare coverage for the duration of transplant survival
using current costs of immunosuppressant medications in the era of generic equivalents may inform
immunosuppressant drug policy.

Methods A Markov model was used to determine the incremental cost and effectiveness of extending
Medicare coverage for immunosuppressive drugs over the duration of transplant survival, compared with
the current policy of 36-month coverage, from the perspective of the Medicare payer. The expected
improvement in transplant survival by extending immunosuppressive drug coverage was estimated from a
cohort of privately insured transplant recipients who receive lifelong immunosuppressant drug coverage
compared with a cohort of Medicare-insured transplant recipients, using multivariable survival analysis.

Results Extension of immunosuppressionMedicare coverage for kidney transplant recipients led to lower
costs of 2$3077 and 0.37 additional quality-adjusted life years (QALYs) per patient. When the improve-
ment in transplant survival associated with extending immunosuppressant coverage was reduced to 50%
of that observed in privately insured patients, the strategy of extending drug coverage had an incremental
cost–utility ratio of $51,694 perQALY gained. In a threshold analysis, the extension of immunosuppression
coverage was cost-effective at a willingness-to-pay threshold of $100,000, $50,000, and $0 per QALY if it
results in a decrease in risk of transplant failure of 5.5%, 7.8%, and 13.3%, respectively.

Conclusions Extending immunosuppressive drug coverage underMedicare from the current 36months to
the duration of transplant survival will result in better patient outcomes and cost-savings, and remains
cost-effective if only a fraction of anticipated benefit is realized.
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Kidney transplantation is the preferred treatment
for patients with ESKD as it is associated with
longer survival and better quality of life compared
with treatment with dialysis.1–4 Transplantation is
also associated with lower health care costs than
dialysis; the annual expenditure per patient by
Medicare in 2016 for a patient treated with

Received July 1, 2019. Accepted September 28, 2019.

Published online ahead of print. Publication date available at
www.jasn.org.

Correspondence: Dr. John S. Gill, Division of Nephrology, Uni-
versity of British Columbia, St. Paul’s Hospital, Providence
Building Ward 6a, 1081 Burrard Street, Vancouver, BC V6Z 1Y6,
Canada. Email: jgill@providencehealth.bc.ca

Copyright © 2020 by the American Society of Nephrology

218 ISSN : 1046-6673/3101-218 JASN 31: 218–228, 2020

https://doi.org/10.1681/ASN.2019070646
http://www.jasn.org
mailto:jgill@providencehealth.bc.ca


transplantation was $34,780 compared with $90,971 for a
patient treated with hemodialysis.5

Maintenance of transplant function requires lifelong use
of immunosuppressant medications. Since 1972, Medicare
has provided coverage for the treatment of patients with
kidney failure with dialysis, regardless of their age or disabil-
ity status. In 2017, 58% of patients who underwent a kidney
transplant relied on Medicare as a primary insurance pro-
vider.6 Medicare coverage for immunosuppressant medica-
tions is provided under Part B, and requires payment of an
income-basedmonthly premium, annual deductible, and up
to a 20% patient copayment. Although there is no time limit
for Medicare coverage of patients on dialysis, kidney trans-
plant recipients who are not otherwise eligible for Medicare
because of age .65 years or medical disability lose their
Medicare coverage 36 months after the date of transplanta-
tion. Transplant recipients who cannot afford to pay for their
immunosuppressant medications after cessation of Medi-
care coverage are at significant risk for medication nonad-
herence, rejection, and premature failure of their kidney
transplant.7–9

The currentMedicare policy was implemented anticipating
that most kidney transplant recipients would be able to obtain
full-time employment and attendant health care coverage, as
they would no longer be dialysis dependent. However, among
persons of working age only 43%–56%of transplant recipients
in the United States are employed.10,11 In part, this low rate of
employment may be related to the fact that patients with other
significant health burdens are treated with transplantation,
and that transplantation alone may not restore their health
status such that they can engage in work. However, fear of
losing drug coverage and being unable to pay for immunosup-
pressive medications is commonly cited as a reason for pa-
tients to remain “disabled” and not return to work to enable
continued coverage10,11; as such, the current policy may be a
disincentive to those who could engage in the workforce. Al-
though the costs of immunosuppressive medications have
decreased over the past decade through market competition
from generic immunosuppressive drugs, these costs remain
relatively high; the mean annual cost for mycophenolate and
tacrolimus in 2014 was $2064 and $2642, respectively.12

These costs comprise.20% of the annual income of patients
in the lower 20th percentile of household income in the
United States.13

The Comprehensive Immunosuppressive Drug Coverage
for Kidney Patients Act (better known as “the immunosup-
pressive bill”) was proposed a decade ago to address this
deficiency in ESKD Medicare coverage.14–17 This bill would
allow Medicare-eligible kidney transplant recipients to re-
ceive life-saving immunosuppressant medications for as
long as their transplant continues to function. Although
the bill has received strong bipartisan support, it has not
been enacted. A thorough understanding of health and bud-
getary consequences is a prerequisite for any proposed bill
to be enacted into law. Existing published economic

evaluations of extending immunosuppressive drug coverage
for kidney transplant recipients are outdated and do not
incorporate the lower contemporary cost of generic immu-
nosuppressant drugs.18–20 We conducted an economic eval-
uation to provide contemporary evidence of the long-term
costs and benefits of extending immunosuppression cover-
age from the current 36 months to the duration of transplant
kidney survival.

METHODS

Study Design
In this cost-effectiveness analysis, we used a Markov model to
simulate a fixed cohort of Medicare-insured adult kidney
transplant recipients aged 18–62 years who survived with a
functioning transplant for at least 36 months. The upper limit
for age of 62 years was selected as patients over the age of
62 years at the time of transplantation will already be eligible
for full Medicare coverage as they will be 65 years of age when
their transplant survives to 36 months. The primary model
compares the strategy of extending immunosuppression cov-
erage for the lifetime of the kidney transplant to the current
policy of discontinuing immunosuppression coverage at
36months after transplantation from the perspective of Medi-
care as a health care payer. The primary study outcome is the
incremental cost–utility ratio (ICUR) in dollars per quality-
adjusted life year (QALY). Discounting of 3% was applied to
both cost and utility as per current recommendations.21

A lifetime time horizon was set with a 3-month cycle length
and half-cycle correction. The Markov model was created
using TreeAge Pro 2018.22

Health States and Outcomes
Possible patient health states in the model include alive with a
functioning kidney transplant, alive with a failed transplant on
dialysis, and death. The potential transitions between theses
health states are depicted in Figure 1. Patients who have trans-
plant failure may be retransplanted in the model. Patients in
the model could transition to death from any health state.

Significance Statement

Kidney transplant recipients must take immunosuppressive medi-
cations to prevent rejection of their transplant kidney. Coverage of
immunosuppressive drugs under Medicare’s ESKD program ends
36 months after transplantation, putting patients at risk for pre-
mature transplant failure. The authors analyzed the cost and ben-
efits of extending Medicare immunosuppressive drug coverage for
the entire duration of survival after transplantation using current
generic immunosuppressive drug costs and estimates of increased
transplant survival. From the Medicare payer perspective, extend-
ing immunosuppression drug coverage was cost-saving and led to
better patient outcomes compared with the current policy. The
findings may be useful in advancing legislative efforts to ensure
kidney transplant recipients have access to essential life-saving
immunosuppressive medications.
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Probability Estimates
To estimate the potential benefit of extended immunosuppres-
sant drug coverage on transplant survival in Medicare-insured
patients, we assumed that the extended immunosuppressant
coverage would result in a risk of death-censored transplant
failure similar to transplant recipients with private insurance
coverage who receive immunosuppressant drug coverage for
the entire duration of transplant survival.18,23

We conducted a survival analysis all patients aged 18–62 years
who underwent a kidney only transplant between January 1,
2000 and October 1, 2016 recorded in the US Renal Data Sys-
tem (USRDS). The cohort was stratified by insurance payer
status (private versus Medicare insurance). Patients were
excluded if they received or were waitlisted for a nonkidney
transplant, if they had no documented Medicare or private
insurance, or if they did not survive with transplant function
to 3 years post-transplant when their Medicare coverage on the
basis of ESKD would expire. In addition to the outcomes of
transplant failure (defined by the need to resume maintenance
dialysis treatment or repeat transplantation), death with trans-
plant function, repeat transplantation after transplant failure,
and death after transplant failure, we included data on a priori
selected confounders, including age, sex, cause of ESKD
(diabetes, or nondiabetic kidney disease), donor type (deceased
or living donor), history of prior kidney transplant (yes/no),
and pre-emptive kidney transplant versus nonpre-emptive kid-
ney transplant. The characteristics of the final cohort were
described using means with SD and proportions as appropri-
ate, stratified by payer status. Missing data were imputed using
multiple imputation with chained equations. A multivariable
survival analysis using amultistate survival model withWeibull
distributions was used to generate adjusted survival curves of
the primary outcomes of transplant failure and death, with
function adjusting for age, sex, cause of ESKD, history of prior
kidney transplantation, and pre-emptive transplantation.
Similarly, a multistate survival model was used to generate
adjusted survival curves for the outcomes of repeat transplan-
tation after transplant failure, and death after transplant fail-
ure. These survival curves assumed a cohort with the mean
characteristics of Medicare-insured patients. These adjusted
survival curves directly informed the transition probabilities
used in the final Markov model. This survival analysis was
conducted using R software with the “mstate” package.24,25

Cost and Utility Estimates
It was assumed that all patients would receive standard im-
munosuppressant drugs, including mycophenolate mofetil
and tacrolimus, and the annual costs were derived from a re-
cent publication on the cost of immunosuppression to Medi-
care in the current era, accounting for market competition
from generic immunosuppression.12 In the Medicare exten-
sion group, the costs of these medications were counted to-
ward expenses which Medicare would pay for, whereas in the
group with no extension of Medicare, these costs were not
included. If a patient’s age increased to.65 years with a func-
tioning transplant, or experienced transplant failure, we as-
sumed these patients would be eligible for full Medicare Part A
and Part B coverage. The costs toMedicare for full Part A and B
coverage with a functioning transplant, death with transplant
function, and transplant failure was derived from the Organ
Procurement and Transplant Network Economic Report,26

and the costs associated with dialysis and death on dialysis
were extracted from the USRDS Annual Data Report.5 The
proportion of patients within the cohort that would reach
an age .65 years is shown in Supplemental Figure 1.
All cost estimates were adjusted to 2018 US dollars using the
consumer price index. The utility estimates for patients on
dialysis and with a functioning transplant in QALYs were
extracted from the literature.27,28

Model Assumptions
A key assumption is that extension of Medicare coverage for
immunosuppressive drugs beyond 3 years post-transplant will
result in an improvement in death-censored transplant sur-
vival for the Medicare-insured cohort. The magnitude of im-
provement in death-censored transplant survival that would
occur with extension of Medicare coverage is unknown. This
model assumes transplant survival would be similar to that
of patients with private insurance.We also assumed thatMedi-
care coverage for immunosuppressant drugs would not im-
prove rates of death with transplant function or death after
transplant failure on dialysis.23 This model assumes that
Medicare would continue with an 80% copayment system,
and that Medicare would not be responsible for other health
care costs after kidney transplantation. It is assumed that
the cost of dialysis therapy after transplant failure is the
same as it is for patients who have never had a kidney trans-
plant. Furthermore, the model assumes the ratio of treatment
with hemodialysis and peritoneal after transplant failure is the
same as in patients who have never had a kidney transplant in
the United States.5

Sensitivity Analyses
To ensure the robustness of this model we performed several
sensitivity analyses. To explore the uncertainty in the improve-
ment in death-censored transplant survival with extension of
immunosuppressant drug coverage alternative scenarios where
extension of immunosuppressive drug coverage resulted in
only 75% and 50% of the observed benefit. Subsequently,

Alive on
Dialysis

Alive with
Functioning
Transplant

Death

Figure 1. Health states and transitions in the Markov model.
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we performed a threshold analysis to establish how much
improvement in death-censored transplant survival would
be required for extended immunosuppression coverage to
be cost-effective at a willingness-to-pay threshold of
$100,000, $50,000, and $0 per QALY gained. In this analysis,
we varied the improvement in death-censored transplant
survival until the ICUR from the model was equal to these
willingness-to-pay thresholds. Additionally, we performed
univariate sensitivity analyses on all our cost and utility inputs
to explore the effect of uncertainty within individual param-
eters on the ICUR estimate.Given that the fear of losing drug
coverage is a common reason for some patients to remain
unemployed owing to medical disability, we performed a sen-
sitivity analysis where extension of Medicare immunosup-
pression reduced the number of medically disabled patients
that would require full Part A and B coverage. In this analysis,
we assumed that 45% of Medicare-insured individuals are
designated as medically disabled after kidney transplant.10

We then evaluated scenarios where up to 10% of these indi-
viduals no longer depended on disability status for insurance
coverage.

Finally, we conducted a probabilistic analysis using prob-
ability distributions to replace the estimates for the cost
and utility parameters included in the model. In this analysis,
the uncertainty of each model parameter is represented by a
probability distribution (Table 1). We then analyzed the
model repeatedly with various combinations of parameter
estimates drawn randomly and independently from each of
the probability distributions. For this probabilistic analysis,
we conducted 10,000 individual analyses. The results of these
analyses are presented in a cost-effectiveness acceptability

curve, with the thresholds of willingness-to-pay varying to
include a range of potentially acceptable willingness-to-pay
thresholds.21,29

RESULTS

Survival Analysis
The survival analysis to inform the transition probabilities in-
cluded n=94,667 patients reported in the 2016 USRDS data-
base that met the study inclusion criteria (Figure 2).

In this cohort, n=65,811 patients had Medicare as a pri-
mary payer, whereas 28,856 patients had a private primary
payer (Table 2). Patients with Medicare as a primary payer
were more likely to be men, black, have diabetes or hyperten-
sion as the cause of kidney disease, or have a history of a pre-
vious kidney transplant. Patients withMedicare as the primary
payer were less likely to have a living donor transplant or a
pre-emptive kidney transplant.

The results of the competing risk analysis with adjusted state
probability curves stratified by insurance status are represented
in Figure 3 for patients whowere alive with a functioning trans-
plant 36 months after transplantation. Unadjusted survival
models of all-cause transplant failure and all-cause mortality
using Kaplan–Meier curves are presented in Supplemental Fig-
ures 2 and 3, respectively. The proportion of patients alive
with a functioning transplant was higher for patients with a
private payer comparedwith patients withMedicare as primary
payer during the study time horizon. After adjusting for age,
sex, race, cause of ESKD, pre-emptive kidney transplantation,
living donor kidney transplantation, and prior history of

Table 1. Cost and utility parameter inputs for the Markov model

Input Variable Estimate Plausible Range Distribution Distribution Parameters Reference

Cost
Annual cost of tacrolimus 2828 (2750–2906) Normal Mean: 2828 SEM: 40 12
Annual cost of mycophenolate 2225 (2141–2309) Normal Mean: 2225 SEM: 43 12
Annual cost of dialysis therapy 89,092 (80,361–97,823) Normal Mean: 89,092 SEM: 4455 5
Cost to Medicare in 1 yr for patient alive

with transplant function after a yr with functiona
23,253 (20,974–25,532) Normal Mean: 23,253 SEM: 1163 26

Cost to Medicare for the first yr
after retransplantation

76,094 (68,637–83,551) Normal Mean: 76,094 SEM: 3805 26

Cost to Medicare for organ acquisition
for repeat transplantation

64,713 (45,113–84,813) Normal Mean: 64,713 SEM: 10,000 36

Cost to Medicare in 1 yr for patient
who dies with functiona

127,048 (123,525–150,367) Normal Mean: 136,946 SEM: 6847 26

Cost to Medicare in 1 yr for patient
who has transplant failurea

90,560 (81,685–99,435) Normal Mean: 90,560 SEM: 4528 26

Cost of death while on dialysis 30,531 (27,539–33,523) Normal Mean: 30,531 SEM: 1527 5
Utility
Alive with a functioning transplant 0.82 (0.74–0.90) b a=74.8 b=16.4 27
Alive with a failed transplant 0.67 (0.64–0.71) b a=369.7 b=182.1 28
Death 0 — — — —

The estimate was used as the baseline in the deterministic model. The plausible range was used for the univariate sensitivity analyses and the distribution and
distribution parameters were used for the probabilistic analyses.
aThese costs were only applied to the model for patients age .65 years. All costs are reported in 2018 US dollars.
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kidney transplantation, patients withMedicare insurance had a
higher risk of death-censored transplant failure (hazard ratio,
1.18; 95% confidence interval, 1.14 to 1.23) compared with
individuals with private insurance.

The adjusted state probability curves for patients after
transplant failure are shown in Figure 4. Because we assumed
no increase in patient survival after transplant failure with
extended immunosuppressant drug coverage, the survival
curves after transplant failure only represent outcomes
for patients who are Medicare insured. The median expected
survival of patients after transplant failure was 7.3 years.

Primary Model Results
Extension of Medicare coverage for immunosuppressant
drugs for the duration of transplant survival was less costly
and led to better health compared with the current system of
Medicare coverage. The reduction in cumulative cost with
extended immunosuppressant drug coverage was $3077 per
patient over the lifetime time horizon of the model (Figure 5),
with an increase in projected QALYs of 0.37, assuming a risk
reduction of 15.2% in death-censored transplant loss. Over
the lifetime of a patient, there was an increase in the transplant
associated costs of $35,039 but a reduction in dialysis associ-
ated costs of $38,117 (Table 3). If the improvement in trans-
plant survival was reduced to 75% of observed (risk reduction
of 11.4% in death-censored transplant loss), extension of
Medicare coverage had a cumulative cost of $2838 and an
incremental cost–utility ratio (ICUR) of $10,180 per QALY
gained; a scenario with only 50% of observed benefit (risk
reduction of 7.6% in death-censored transplant loss) had an
incremental increase in cost of $9728 and an ICUR of
$51,694/ QALY gained.

Sensitivity Analyses
In the threshold analysis, we found that the extension of immu-
nosuppression coverage was cost-effective at a willingness-to-
pay threshold of $100,000 perQALY gained if transplant survival
was only 36% of the observed (risk reduction in death-censored

Table 2. Characteristics of cohort from the 2016 USRDS database used in final analysis stratified by insurance coverage at the
time of kidney transplantation

Variable Private Insurance, n=28,856 Medicare Insurance, n=65,811 P Value

Age at the time of transplant, mean (SD) 46.25 (10.7) 45.18 (10.9) ,0.001
Men, n (%) 17,153 (59.4) 39,539 (60.1) 0.07
Race, n (%) ,0.001
Black 4741 (16.4) 21,799 (33.2)
Other 1650 (5.7) 5496 (8.4)
White 22,441 (77.8) 38,429 (58.5)

Cause of ESKD, n (%) ,0.001
Cystic kidney 4785 (16.6) 5109 (7.8)
Diabetes 5375 (18.6) 13,965 (21.2)
GN 9754 (33.8) 21,432 (32.6)
Hypertension 4180 (14.5) 15,050 (22.9)
Missing cause 213 (0.7) 275 (0.4)
Other cause 2893 (10.0) 5994 (9.1)
Other urologic 672 (2.3) 1444 (2.2)
Unknown cause 984 (3.4) 2542 (3.9)

Previous kidney transplant (%) 4009 (13.9) 11,227 (17.1) ,0.001
Living donor kidney transplant (%) 16,390 (56.8) 15,624 (23.7) ,0.001
Pre-emptive kidney transplant (%) 6631 (23.0) 2720 (4.1) ,0.001

All Transplant Recipients Included
In The 2016 USRDS Database

N = 491,491 

Final Cohort of Patients With Either
Medicare or Private Insurance

At Time of Transplantation
N = 94,667

Included Patients Age > 18 Years and < 62
Transplanted Between Jan 1, 2000 - Oct 1, 2016

n = 210,984

Cohort After Excluding Patients Who Did not Have
Transplant Function 3 Years After Kidney Transplant

n = 117,944

Cohort After Excluding Patients Waitlisted For or
Transplanted With a Non-Kidney Transplant

n = 170,719 

Figure 2. Cohort used in survival analysis to establish transition
probabilities. The final analytic cohort included 94,667 patients.
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transplant loss of 5.5%). If the willingness-to-pay threshold was
lower (i.e., $50,000 per QALY gained), extending immunosup-
pressive coverage would be cost-effective if transplant survival
was 51% of that observed (risk reduction in death-censored

transplant loss of 7.8%). If the willingness-to-pay threshold
was $0 per QALY gained, extending coverage would be cost-
effective if transplant survival was 88% of that observed (risk
reduction in death-censored transplant loss of 13.3%).
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Figure 3. State probabilities from multistate survival model adjusting for age, sex, race, cause of ESKD, history of prior kidney
transplant, and type of kidney transplant stratified by insurance status. Health states presented in this figure include alive with function,
failed transplant, and death with function. Individuals in the failed transplant group include those who are alive and those who have
died after transplant failure.
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In other univariable sensitivity analysis, variation in the
inputs informing the annual cost after dialysis therapy after
transplant failure, the proportion of patients still with Medi-
care coverage after 36 months after transplant, the risk of
death after transplant failure and the overall risk of transplant
failure had the largest effect on the ICUR estimate (Figure 6).
Extending coverage remained dominant in all analyses except
for scenarios varying the annual cost of dialysis: if the annual
cost of dialysis decreased below $81,235, then extension of
Medicare coverage for immunosuppression medications was
no longer cost-saving.

In the scenario where extension of Medicare immunosup-
pressant drug coverage removed a disincentive to seek em-
ployment and therefore reduced the number individuals
who retained Medicare insurance owing to medical disability
by 10%, the cost-savings increased from $3077 per patient to
$14,215 (Table 4). Furthermore, there were cost-savings of

$8222 and $1188 per patient even when the improvement of
transplant survival was only 75% and 50% of the observed,
respectively.

In probabilistic analysis, extension of Medicare immuno-
suppressive drug coverage for the duration of transplant
survival was preferred when payers were not willing to pay
anything ($0 per QALY) (i.e., resulted in cost-savings and im-
proved health) in 89%of the iterations (Supplemental Figure 4).
The extension of Medicare immunosuppression coverage was
below a willingness-to-pay threshold of $20,000 per QALY in
100% of the iterations (Figure 7).

DISCUSSION

The inferior long-term transplant survival of transplant re-
cipients in the United States compared with other developed
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Figure 5. The cumulative cost and cost-effectiveness of extending immunosuppressive drug coverage for the duration of transplant
survival compared with the current Medicare policy in which drug coverage ceases at 36 months. In this plot, the results of the primary
model and the sensitivity analyses where only 75% and 50% of this potential reduction in graft loss with extension of Medicare im-
munosuppression coverage were realized. The ICUR for each scenario is plotted. The scenario where the estimated benefit was realized
dominated the current policy, meaning it was less costly with more effectiveness over the lifetime time horizon of the model.

Table 3. Incremental costs per patient of extended Medicare coverage of immunosuppression compared with no extension
of Medicare coverage separated into transplant associated, dialysis associated, and total costs at various times after 36 months
post-transplant

Time beyond 36 mo Transplant-Associated Costs ($) Dialysis-Associated Costs ($) Total Costs ($)

5 yr 9953 25585 4368
10 yr 17,127 214,308 2819
15 yr 22,433 222,124 309
20 yr 26,370 228,044 21674
Lifetime 35,039 238,117 23077
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countries is well recognized and has been attributed in part
to cessation of Medicare coverage for immunosuppressant
drugs required to prevent rejection.9,30 Despite long-standing
efforts to extend Medicare coverage, legislative change has not
been enacted in part because of the high cost of immunosuppres-
sant medications. The availability of generic immunosuppressant

medications has dramatically reduced the cost of the most
commonly used drugs (i.e., tacrolimus and mycophenolate)
from $10,000 per patient year in 2008 to $5000 per patient
year in 2013,12 prompting the need for re-evaluation of
the cost and benefits of extending Medicare coverage of
immunosuppressant drugs.

Annual Cost of Dialysis after Transplant Failure

Plausible Range

$80,361 - $97,823

$20,975 - $25,532

$2,141 - $2,309

$2,750 - $2,906

$81,685 - $99,435

$45,113 - $84,813

$123,525 - $150,367

$27,539 - $33,523

$68,637 - $83,551

-15000-20000 -10000 -5000
ICUR (Cost per QALY gained)

50000

1.5 - 5%

0.74 - 0.90 QALYs

0.74 - 0.70 QALYs

+/- 10% Relative Risk

+/- 10% Relative Risk

+/- 10% Relative Risk

Risk of Death After Transplant Failure

Risk of Death with Transplant Function

Utility of Transplant

Utility of Dialysis

Risk of Transplant Failure

Annual Cost of Transplant*

Cost of Death with Transplant Funtion*

Cost of Death After Transplant Failure

Cost of Organ Acquisition for Kidney Transplant

Cost of Transplant Failure*

Annual Cost of MMF

Annual Cost of Tacrolimus

Annual Cost of Transplant - 1st Year

Discounting Rate Applied

Figure 6. Tornado diagram of univariate sensitivity analysis of extension of Medicare coverage compared with no extension of Medicare
coverage. The base case is represented by the horizonal dashed line with incremental costs of2$3077 and incremental QALYs of 0.37, with
an expected value (EV) of 2$8387 per QALY gained. The plausible range for each variable is displayed on the left. The red bar represents
the change in ICUR with the upper limit of the plausible range for each variable, and the blue bar represents the change in ICUR with the
lower limit of the plausible range for each variable. Costs identified by an asterisk were only included in the model for patients who had full
Part A and B Medicare coverage, either through disability or given their age was.65 years. Variation in the inputs informing the annual cost
after dialysis therapy after transplant failure, the proportion of patients still with Medicare coverage after 36 months after transplant, the risk
of death after transplant failure and the overall risk of transplant failure had the largest effect on the ICUR estimate.

Table 4. Results of sensitivity analysis where extension of Medicare immunosuppression coverage results in a reduction in
Medicare-insured patients who are dependent on disability as an indication for Part A and B Medicare insurance

Percent Reduction in
Disability-Dependent Patients

Anticipated Benefit in Reduction of Transplant Loss with Extended Immunosuppression Coverage

100% 75% 50%

Incremental Cost ($) ICUR Incremental Cost ($) ICUR Incremental Cost ($) ICUR

0% (Reference case) 23077 Dominates 2838 10,180 9728 51,694
2.5% 25862 Dominates 73 261 6999 37,192
5% 28646 Dominates 22692 Dominates 4270 22,689
7.5% 211,431 Dominates 25457 Dominates 1541 8187
10% 214,215 Dominates 28222 Dominates 21188 Dominates

Dominates refers to scenarios that are less costly but also result in an increase in expected utility.
The incremental effectiveness in QALYs is not presented in this table as this did not vary in this sensitivity analysis.
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In this cost-effectiveness analysis, extension of Medicare
coverage of immunosuppressant drugs for the lifetime of kid-
ney transplant function was cost-saving and led to better pa-
tient outcomes compared with the current policy of stopping
Medicare coverage after 36 months of transplantation. The
analysis assumed transplant survival would be similar to that
observed in a cohort of patients with private drug coverage
who receive immunosuppressant drugs throughout trans-
plantation. This assumption is consistent with previous liter-
ature describing the effect of Medicare extension from 1 year
to 3 years in the 1990s; withMedicare coverage extension from
1 to 3 years post-transplant, the risk of transplant failure in
patients with lower income became similar to that among
patients with a higher income.18,31 Additionally, in the setting
of a universal health care system, it has been shown that a low
income does not affect the risk of transplant failure.23 How-
ever, theremay be unique and unmeasured confounders in the
United States health care system, which may limit the im-
provement in transplant failure that can occur with extension
of immunosuppression to the lifetime of a kidney transplant
patient. An analysis by Hart et al. found that individuals who
lost Medicare coverage at 36–38 months after transplant did
not have an increased risk of transplant failure compared with
those who continued to have Medicare coverage, whereas
those who lost coverage either before 36 months or after
38 months did have a significantly increased risk of transplant
failure.32 This analysis differs from ours because it compares
outcomes of patients who discontinueMedicare coverage with
patients who continue Medicare coverage. Patients who

continue Medicare coverage in their analysis likely include
patients who are disabled owing to medical comorbidities
and therefore may have inferior outcomes. The estimates of
the improvement in transplant survival with extension of
Medicare coverage of immunosuppression may therefore be
underestimated in that analysis. Overall, there is uncertainty
in the benefit thatmay be observed with extension ofMedicare
immunosuppression coverage. We modeled conservative sce-
narios where the benefit of extension ofMedicare was less than
anticipated; extension of Medicare coverage remained a cost-
effective strategy even it if it only reduced the difference in
transplant survival between Medicare and privately insured
patients by 36%, representing good value for health care
dollars spent in the United States, on the basis of based on
commonly cited thresholds.29,33 Stated alternatively, exten-
sion of immunosuppression coverage was cost-effective at a
willingness-to-pay threshold of $100,000, $50,000, and $0 per
QALY gained if it results in a decrease in the risk of transplant
failure of 5.5%, 7.8%, and 13.3%, respectively.

In univariable sensitivity analysis, the results were sensitive
to the annual cost to Medicare of providing dialysis therapy.
Recently, President Trump issued an executive order that 80%
of individuals with ESKD should be treated with either a home
dialysis modality or transplantation.34 If we assume that the
uptake of peritoneal dialysis increases enough to achieve this
goal, the mean annual cost of dialysis per patient per year
would be $84,399 (see Supplemental Appendix 1 for calcula-
tion). At this value, extension of immunosuppression in the
primary model would still be cost-saving. It should also be
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Figure 7. Cost-effectiveness acceptability curves of the results of the probabilistic analysis for the incremental cost-effectiveness
of extension of Medicare immunosuppression coverage compared with no extension of Medicare immunosuppression coverage. This
graph shows the proportion of iterations where each option was cost-effective according to various cost-effectiveness acceptability
(also known as willingness-to-pay) thresholds ($/QALY). In this analysis, extension of Medicare immunosuppression coverage was cost-
effective in the majority of iterations regardless of the cost-effectiveness acceptability threshold.
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noted that this analysis does not evaluate the effect of newer
immunosuppressant drugs, such as belatacept, which may in-
crease both the cost and effectiveness of transplantation.To
our knowledge, this study provides the first estimate of the
cost-effectiveness of extending Medicare immunosuppressive
drug coverage in the era of generic immunosuppressant drugs.
A recent government-commissioned estimate of the financial
effect of extending immunosuppressive drug coverage found
this strategy would be cost-saving. However, this analysis was
not a cost-effectiveness analysis in that it did not account for
patient quality of life with transplantation and on dialysis.35

Although prior economic evaluations have estimated the cost-
effectiveness of extended immunosuppression coverage, these
studies are over 10 years old, and are also limited by not con-
sidering the percentage of patients who continue to have full
Part A and B Medicare insurance owing to medical disabil-
ity.18–20 We uniquely evaluated scenarios where the extension
of Medicare immunosuppression coverage of immunosup-
pression resulted in a decrease in the number of individuals
dependent on medical disability by up to 10%. In these sce-
narios, the cost-savings realized from extension ofMedicare im-
munosuppression coverage was even more pronounced. These
estimates may be conservative, as one study reported up to 18%
of individuals on disability cite the fear of losing insurance cov-
erage as a reason to not seek employment, whereas another study
reported that the fear of losing insurance coverage was a consid-
eration for the majority of individuals who were unemployed
after transplantation.10,11 Additionally, this analysis used upda-
ted cost estimates for immunosuppressants, reflecting the de-
crease in costs over time given market competition with generic
tacrolimus and mycophenolate.12

Themodelwas conducted only from the perspective ofMedi-
care as a health care payer. The choice of this perspective is in-
tentional, as the goal of the study was to informMedicare health
insurance policy; however, the potential addition benefits from a
societal perspective are not observed. For example, patients
with a functioning kidney transplant are more likely to be em-
ployed and there are less out-of-pocket costs associated with a
functioning kidney transplant compared with dialysis;
therefore, a strategy that prolongs transplant kidney survival
may lead to positive effects in these areas. Additionally, a reduc-
tion in transplant failure may lead to a reduction in the number
of individuals waitlisted for a kidney transplant and therefore
may reduce the overall organ shortage in the United States. Of
note, the model assumes there will be no benefit in reduction in
death with function; however, it is plausible that extending im-
munosuppression could reduce complications associated with
rejection, which may also reduce the outcome of death with
function. Finally, the model does not consider the societal value
of a deceased donor kidney as a limited resource, and that re-
ducing premature transplant failure would further extend the
societal benefit of kidney transplantation.

In summary, extension of Medicare immunosuppression
coverage is a cost-saving strategy from the perspective of
Medicare as a health care payer, assuming it results in an

improvement in transplant survival. This finding may support
current efforts to enact legislation to extend immunosuppressive
drug coverage under Medicare.
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