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ORIGINAL RESEARCH

Cost burden of post-transplant lymphoproliferative disease following kidney
transplants in Medicare-eligible patients by survival status

Allyson Harta,b , Yoon Son Ahnb, Crystal Watsonc , Melissa Skeansb, Arie Barlevc, Bryn Thompsonb and
Vikas R. Dharnidharkad

aDivision of Nephrology, Hennepin Healthcare, Minneapolis, MN, USA; bChronic Disease Research Group, Hennepin Healthcare Research
Institute, Minneapolis, MN, USA; cAtara Biotherapeutics, South San Francisco, CA, USA; dSt. Louis Children’s Hospital, Washington University
School of Medicine, St. Louis, MO, USA

ABSTRACT
Aims and Objectives: Patients diagnosed with post-transplant lymphoproliferative disease (PTLD)
experience high mortality within the first 2 years of diagnosis; however, few data exist on the eco-
nomic burden of PTLD in these patients. We determined the healthcare resource utilization (HRU) and
cost burden of post-kidney transplant PTLD and evaluated how these differ by survival status.
Materials and Methods: Utilizing data from the United States Renal Data System and the Scientific
Registry of Transplant Recipients, we identified 83,818 Medicare-covered kidney transplant recipients
between 2007 and 2016, of which 347 had at least one Medicare claim during the first year after diag-
nosis of PTLD. We tabulated Medicare Part A and Part B and calculated per patient-year (PPY) costs.
Results: Patients diagnosed with PTLD in the first year post-transplant had Part AþB costs of
$222,336 PPY, in contrast with $83,546 PPY in all kidney transplants. Post-transplant costs in the first
year of PTLD diagnosis were similar regardless of the year of diagnosis. Cost burden for PTLD patients
who died within 2 years of diagnosis was >3.3 times higher than PTLD patients still alive after 2 years.
Of those who died within 2 years, the majority died within 6months and costs were highest for these
patients, with almost 7 times higher costs than PTLD patients who were still alive after 2 years.
Limitations: Medicare costs were the only costs examined in this study and may not be representative
of other costs incurred, nor be generalizable to other insured populations. Patients were only
Medicare eligible for 3 years after transplant unless aged �62 years, therefore any costs after this cut-
off were not included.
Conclusions: PTLD represents a considerable HRU and cost burden following kidney transplant, and
the burden is most pronounced in patients who die within 6months.
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Introduction

Post-transplant lymphoproliferative disease (PTLD) is an
aggressive type of lymphoma that can develop following
allogeneic hematopoietic cell transplant (HCT) or solid organ
transplant (SOT)1,2. Only patients post-transplant are at risk
of PTLD and it is regarded as rare in the post-transplant
population1,3. Patients who have had a transplant are
severely immunocompromised due to use of immunosup-
pressive agents and have a substantially higher risk (between
1.5 and 2.2 times) of developing a lymphoma after transplant
(PTLD), compared with the general population2,4,5. While HCT
patients can receive immunosuppressants for up to 5 years
after a transplant, SOT patients with a functioning transplant
need to remain immunosuppressed for the rest of their lives
to prevent allograft rejection and are therefore at risk of
PTLD throughout their lives1,6,7. There were a total of 39,718

SOTs performed in the US in 2019, of which kidney trans-
plants were the most frequent, with 23,401
(59%) performed8.

Kidney transplant recipients who develop PTLD within the
first 2 years have high mortality rates compared with recipi-
ents without PTLD9, with 1-year survival rates after diagnosis
ranging from 51 to 73%, and 5-year survival between 39 and
61% in international registries and between 59 and 64% in
US studies10–15. The high mortality in PTLD is in part due to
the complexity of the disease and its wide range of histo-
logic features, which makes PTLD diagnosis challenging and
management difficult, as well as the limited treatment
options available for these patients, and lack of consistent
treatment approach indicated for PTLD4,13. Survival has
improved in recent decades with better management and
understanding of transplants and PTLD; however, many
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patients with PTLD do not respond to available therapies
and die quickly after developing the disease4,9,16,17.

The quick onset of death and high mortality in PTLD can
lead to increased costs and healthcare resource utilization
(HRU); however, with the difficulties in diagnosing PTLD and
the small number of patients, data on the economic burden
of this disease in SOTs are limited. SOTs represent a signifi-
cant financial investment: kidney transplants, the least
expensive SOT, have a chargeable amount of �$442,500 per
transplant procedure in the US18. Despite the rarity and low
incidence of PTLD, limited data suggest that the disease is
associated with increased hospitalization and HRU. A German
database analysis showed that in SOT patients with PTLD in
whom initial rituximab treatment failed, �20% of the time
after PTLD diagnosis was spent in hospital, with approxi-
mately half of that time spent in the intensive care unit19.
No such data have been published from US databases.
Therefore, the full extent of costs and HRU, especially with
paid amounts, in transplant recipients with and without
PTLD in the US is still unclear.

PTLD can compromise the substantial clinical and eco-
nomic investments made towards a successful kidney trans-
plant and add to the overall costs. In this study, we sought
to determine the HRU and cost burden of PTLD following
diagnosis and evaluate whether this differs by survival status
within the first 2 years post-transplant.

Methods

Kidney transplants were examined in this study as they are
the most frequent transplants in the US. This study used
data from the Scientific Registry of Transplant Recipients
(SRTR)20. The SRTR data system includes data on all donor,
wait-listed candidates, and transplant recipients in the US,
submitted by the members of the Organ Procurement and
Transplantation Network (OPTN). The Health Resources and
Services Administration (HRSA), US Department of Health
and Human Services provides oversight to the activities of
the OPTN and SRTR contractors. This study also utilized data
from The United States Renal Data System (USRDS)21. End-
stage kidney disease (ESKD) patients are eligible for Medicare
following transplantation or dialysis, and their Medicare data
are collected by the USRDS with paid amounts. Patients with
successful kidney transplants are only eligible for Medicare
for up to 3 years following the date of transplant. Patients
aged �62 years at transplant may age into Medicare by
crossing the age threshold of 65 years as their ESKD eligibility
expires. To gain information about PTLD diagnoses following
transplants, the SRTR was examined. The SRTR is a national
database that records information from transplant centers on
all SOTs in the US, including data on malignancies after
transplantation (e.g. PTLD). Utilizing USRDS and SRTR data
from 2007 to 2016, we identified Medicare-covered kidney
transplant recipients. SRTR malignancy data were used to
identify patients with a PTLD diagnosis, which were linked to
the USRDS. Patients were required to have a USRDS claim on
the date of transplantation.

There are four components of Medicare insurance: Part A
(hospital insurance), Part B (medical insurance – office visit
and durable medical equipment), Part C (private Medicare
health plan), and Part D (prescription drug coverage)22. Due
to the focus of this study on HRU and medical costs, only
patients enrolled in Medicare Part A and Part B fee-for-ser-
vice were included. Patients who underwent single-organ
transplants and re-transplants were included in our analysis,
whereas multi-organ transplant recipients were excluded due
to concerns of likely differences in HRU and costs. We tabu-
lated Medicare Part A (inpatient [including intensive care
unit admission], outpatient, home health, hospice, skilled
nursing facility costs, dialysis and emergency room [ER] visits)
and Part B (physician/carrier and durable medical equipment
claims) HRU and paid amounts leading up to and after the
PTLD diagnosis date, as provided by the OPTN report date.

We examined pre-PTLD costs 3–6months (91–180 days)
and 3months (�90 days) before diagnosis, as well as post-
PTLD costs in the first 2 years after diagnosis. In addition,
costs were analyzed annually for the first 3 years following
transplantation and reported by PTLD status. Each year post-
transplant was calculated as 365.25 days per year following
the kidney transplant. Kidney recipients with a PTLD diagno-
sis any time within 365.25 days following their kidney trans-
plant procedure were considered as PTLD patients within
1-year post-transplant.

In the pre-PTLD diagnosis cost analysis, costs were cen-
sored to exclude those occurring before and on the trans-
plant date and subsequent transplant hospitalization. For
instance, in a recipient with a PTLD diagnosis 60 days post-
transplantation, we included costs occurring after the trans-
plant date up to the day before the PTLD diagnosis date.
Such patients would contribute no data from the 3–6months
pre-PTLD period. Furthermore, cost information was censored
at the loss of Medicare eligibility, death, or at the end of the
3-year post-transplant period.

Medicare payment data for those diagnosed with PTLD
were stratified by death within <6months, 6months to
1 year, and 1–2 years of diagnosis, to allow for meaningful
comparisons of cost and HRU data. Per patient-year (PPY),
per patient-6months (PP6M), per patient-3months (PP3M),
and per patient-month (PPM) were computed to standardize
costs and were stratified by patient survival status. PPY costs
were calculated as the sum of costs per claim type divided
by the number of observed patient-years or patient-months;
95% confidence intervals were computed using percentile
bootstrap methods using 2,000 samples. Since this study was
conducted using an existing database of de-identified health-
care claims, it did not require institutional review board/inde-
pendent ethics committee approval. For aggregate data
fewer than 10 individuals, results have not been disclosed to
prevent patient identification; in such cases, counts and costs
are suppressed and replaced with an asterisk instead.

Results

A total of 165,098 kidney transplant recipients were identi-
fied between 2007 and 2016, 83,818 (50.77%) of which were
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Medicare-covered kidney transplant recipients and 81,280
(49.23%) were non-Medicare covered recipients. Among the
Medicare-covered kidney transplant recipients, 347 had PTLD
and were Medicare eligible on the date of PTLD diagnosis
and had at least one claim during the first year after diagno-
sis. Of the PTLD patients, 67% were male, with an average
age of 56 years at transplant (standard deviation
[SD] ± 18 years) and 58 years at PTLD diagnosis (SD
±19 years). Pediatric patients (those aged 0–17 years) com-
prised 5.5% of the total PTLD population examined. In this
total PTLD population, median time from transplant to PTLD
diagnosis was 1.30 years (interquartile range 0.68–2.70 years).
In total, 214 (62%) patients were alive 2 years post-
PTLD diagnosis.

Medicare payments after kidney transplant

Part Aþ B Medicare costs in all kidney transplant patients
are reported in Figure 1. Part Aþ B costs were $83,546 PPY
in the first year post-transplant (n¼ 83,818), with approxi-
mately two-thirds of the cost coming from inpatient hospital-
ization (Table S1 in Supplementary Information). In the
second and third years post-transplant, Part Aþ B expend-
iture was $26,148 PPY (n¼ 61,563) and $25,326 PPY
(n¼ 48,120), respectively, with costs primarily coming from
inpatient (39%) and Part B costs (37–38%; Figure 1, Table
S1). First-year post-transplant costs were considerably higher
than the second and third years as they included the costs
of transplant hospitalization.

Medicare payments in kidney transplant patients were fur-
ther examined by PTLD status. Patients who developed PTLD
in the first year post-transplant had Part Aþ B costs of
$222,336 PPY (n¼ 139), while patients without PTLD diagno-
sis in the same year had Part Aþ B costs of $83,449 PPY
(n¼ 83,679; Figure 1). In both cases, two-thirds of the costs
were inpatient costs (Table S1, S2). Patients who received a
PTLD diagnosis in the first year post-transplant and survived
had PPY costs of $60,981 (n¼ 94) in year 2 and $36,118
(n¼ 64) in year 3 (Figure 1).

Patients who were diagnosed with PTLD in the second
year post-transplant incurred costs of $203,374 PPY (n¼ 81),
60% of which were inpatient costs (Figure 1, Table S2).
Those who survived into year 3 incurred costs of $58,880
PPY (n¼ 59). Furthermore, patients who were diagnosed
with PTLD in the third year following kidney transplantation

faced average costs of $211,941 PPY (n¼ 61), 68% of these
coming from inpatient costs (Figure 1, Table S2).

Medicare payments and HRU among patients diagnosed
with PTLD

Medicare costs were examined in PTLD patients by time
from diagnosis, including 3–6months prior to diagnosis,
3months prior to diagnosis, and in the first and second years
after PTLD diagnosis. For the first 3months prior to PTLD
diagnosis, Part Aþ B costs were $12,351 PP3M (n¼ 356),
while for the 3–6months prior to diagnosis Part Aþ B costs
were $7,493 PP3M (n¼ 350; Table 1). For the 3months prior
to PTLD diagnosis, costs were driven by inpatient (44%) and
then Part B costs (35%), while for the 3–6months prior to
PTLD diagnosis costs were driven by both Part B costs (37%)
and inpatient costs (30%; Table 1). Part Aþ B costs were
$145,871 PPY 1 year after PTLD diagnosis (n¼ 347; Table 1).
Inpatient hospitalization represented up to 60% of PPY costs
in this year. Part Aþ B costs were $40,289 PPY (n¼ 175) in
year 2 after PTLD diagnosis, with inpatient costs representing
42% of PPY in this year (Table 1). This was a 3.6-fold
decrease in Part Aþ B costs from year 1 to year 2 after
PTLD diagnosis.

HRU was examined in PTLD patients over the same time-
frames. The average number of inpatient claims per PTLD
patient was 0.12 in the 3–6months before diagnosis and
0.18 in the 3months before diagnosis, increasing to 1.93 in
year 1 and 0.51 in year 2 post-diagnosis (Table 2).

A higher percentage of patients had ER visit claims in the
3months prior to diagnosis (35%, n¼ 165) than in the
3–6months prior to diagnosis (15%, n¼ 72; Table 2).
Following PTLD diagnosis, the percentage of patients with ER
claims increased substantially, to 53% (n¼ 185) and 51%
(n¼ 91) in the first and second year, respectively. The percent-
age of patients with outpatient claims was consistently high
in years 1 and 2 (�97%); however, the percentage of patients
with inpatient claims decreased in the second year post-PTLD
diagnosis, from 69% (n¼ 240) to 30% (n¼ 53; Table 2).

Cost burden of PTLD by survival status

Costs at 2 years from PTLD diagnosis were examined based
on patient survival status: those who died within 2 years
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versus those who were alive at 2 years. All cost components
by PPY were markedly higher for patients who died within
2 years compared with those who were alive (Table 3).
Inpatient hospitalization accounted for the majority of costs;
that is, 68% of costs for patients who died within 2 years of
PTLD diagnosis and 51% for those who were alive at 2 years
(Table 3). The cost burden for PTLD patients who died within
2 years of PTLD diagnosis was >3.3 times higher than PTLD
patients who were still alive 2 years after diagnosis: $249,850
PPY (n¼ 133) versus $75,001 PPY (n¼ 214), respectively
(Table 3). Part B costs in particular were substantially higher
in those who died within 2 years at $39,447 PPY (n¼ 131),
which compares with $16,014 PPY (n¼ 213) for those alive at
2 years (Table 3).

Of those PTLD patients who died within 2 years, the
majority died within 6months of diagnosis (65%, n¼ 86;
Table 4). These patients had 6.7 times higher costs compared
with those patients who were alive at 2 years (n¼ 214):
$250,045 PP6M versus $37,501 PP6M, respectively (Table 4,
Table 3). Costs were lower in patients who died between
6months and 1 year after diagnosis ($29,736 PP6M, n¼ 21),
and lower still in those who died between 1 and 2 years after
diagnosis ($24,738 PP6M, n¼ 26; Table 4).

Discussion

In this study, we demonstrated that Medicare expenditure
among kidney transplant recipients with PTLD patients are
high, at $222,336 PPY for those diagnosed in the first year
post-transplant. If these patients survived into their second
and third year post-transplant, their costs reduced consider-
ably, to $60,981 and $36,118 PPY, respectively. This cost con-
trasts with Medicare expenditures in all kidney transplants, at
$83,546 PPY in the first year, $26,148 PPY in the second year
and $25,326 PPY in the third year post-transplant. Patients
diagnosed with PTLD in year 2 or 3 post-transplant had simi-
lar high annual costs (�$200,000 PPY) for the first year of
diagnosis as patients diagnosed with PTLD in year 1, demon-
strating that PTLD costs are high in the first year of diagnosis
regardless of the timing after transplant. These high costs
were coupled with the rapid onset of PTLD, as most PTLD
diagnoses occurred in the first year post-transplant (n¼ 139).
This suggests that the main cost burden of PTLD occurs
within 1 year of diagnosis and represents a substantial
Medicare expenditure, in addition to the already high year 1
expenses of a kidney transplant.

This study suggests the cost burden of PTLD becomes
apparent as early as 6months prior to PTLD diagnosis. While
these costs are dwarfed by those incurred in the first year
post-PTLD diagnosis, they show that the burden of PTLD
may start early, as costs and HRU claims rise 3–6months
prior to diagnosis. Earlier or improved treatments may there-
fore be important to decrease costs in these patients. The
average number of HRU inpatient claims per PTLD patient
increased as time approached the date of PTLD diagnosis.
This was consistent with the higher proportion of patients
with hospitalization claims and Medicare payments seen in
these patients during the 3–6 and 3months prior toTa
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diagnosis and further exhibited the increase in economic
burden the closer the patients came to diagnosis. The per-
centage of patients with inpatient claims increased in the
3months pre-PTLD diagnosis and then again in the year after
diagnosis. Percentage of inpatient claims dropped off after
this time period, suggesting that patients with PTLD were
more likely to be unwell and admitted to hospital immedi-
ately before and after diagnosis. This increase in HRU and

Medicare expenditures, coupled with a decrease in patient
health, has both clinical and resource use implications: the
correlation of costs, HRU and health could be used to more
accurately predict the overall costs of kidney transplants and
PTLD to insurance providers and hospitals.

By examining PTLD based on survival status, we could
ascertain the end-of-life costs and if this was different over
time. PTLD patients who died within 2 years of diagnosis had

Table 3. Medicare payments by survival status at 2 years after PTLD diagnosisa.
Died within 2 years (patient-years: 66.36) Alive at 2 years (patient-years: 320.85)

Cost source n Total PPY n Total PPY
(95% CI) (95% CI)

Parts Aþ B 133 $16,579,384 $249,850 214 $24,063,874 $75,001
($227,533–$275,227) ($70,793–$79,628)

Part A inpatient 128 $11,317,259 $170,550 171 $12,165,181 $37,916
($148,720–$195,081) ($33,809–$42,309)

Part A outpatient 103 $1,632,407 $24,600 209 $5,860,500 $18,266
($22,447–$27,029) ($17,129–$19,447)

Part A home health 48 $282,397 $4,256 67 $421,366 $1,313
($3,336–$5,207) ($1,097–$1,543)

Part A hospice 40 $187,475 $2,825 � � �
($2,059–$3,678)

Part A skilled nursing 33 $542,279 $8,172 25 $478,905 $1,493
($6,232–$10,302) ($1,091–$1,894)

Part B 131 $2,617,567 $39,447 213 $5,137,922 $16,014
($38,171–$41,156) ($15,564–$16,488)

�Values for cells with 10 or fewer patients are suppressed. a347 Medicare-covered PTLD patients were identified who had at least one claim within a year of
PTLD diagnosis; however, additional patients may have a PTLD diagnosis without a subsequent claim and data prior to their PTLD diagnosis. Part B costs con-
sisted of office visit and durable medical equipment claims. Abbreviations. CI, confidence interval; n, number of patients; PPY, per patient-year; PTLD, post-trans-
plant lymphoproliferative disease.

Table 4. Part Aþ B Medicare payments in PTLD patients who died within 2 years of diagnosis by time of deatha.
PTLD population n PPM (95% CI) PP6M (95% CI) PPY (95% CI)

Died within 6months (patient-years: 15.29) 86 $41,674
($35,956–$49,493)

$250,045
($215,737–$296,958)

$500,090
($431,475–$593,917)

Died in 6months to 1 year (patient-years: 15.03) 21 $4,956
($3,611–$6,677)

$29,736
($21,665–$40,060)

$59,472
($43,330–$80,120)

Died in 1–2 years (patient-years: 36.03) 26 $4,123
($3,016–$5,718)

$24,738
($18,093–$34,310)

$49,476
($36,187–$68,620)

a347 Medicare-covered PTLD patients were identified who had at least one claim within a year of PTLD diagnosis; however, additional patients may have a
PTLD diagnosis without a subsequent claim and data prior to their PTLD diagnosis. Part B costs consisted of office visit and durable medical equipment claims.
Abbreviations. CI, confidence interval; n, number of patients; PP6M, per patient-6months; PPM, per patient-month; PPY, per patient-year; PTLD, post-transplant
lymphoproliferative disease.

Table 2. HRU by time from PTLD diagnosisa.
Expenditure category 3–6 months before

PTLD diagnosis
3 months before
PTLD diagnosis

Year 1 after
PTLD diagnosis

Year 2 after
PTLD diagnosis

Inpatient
Patients at risk (n) 472 474 350 179
Patients with claims (n, % of patients with claims) 44 (9.32) 68 (14.35) 240 (68.57) 53 (29.61)
Claims per patient (mean, SD) 0.12, 0.40 0.18, 0.49 1.93, 2.40 0.51, 1.02

Outpatient
Patients at risk (n) 472 474 350 179
Patients with claims (n, % of patients with claims) 350 (74.15) 356 (75.11) 341 (97.43) 174 (97.21)
Claims per patient (mean, SD) 23.01, 25.62 30.57, 33.39 118.55, 103.47 88.47, 79.25

Dialysis
Patients at risk (n) � � 17 14
Patients with claims (n, % of patients with claims) � � 12 (70.59) 12 (85.71)
Claims per patient (mean, SD) � � 4.29 (3.77) 6.43 (5.52)

ER
Patients at risk (n) 475 474 350 179
Patients with claims (n, % of patients with claims) 72 (15.25) 165 (34.81) 185 (52.86) 91 (50.84)
Claims per patient (mean, SD) 0.37, 1.02 0.93, 1.74 2.18, 3.23 2.18, 3.71

�Values for cells with 10 or fewer patients are suppressed. a347 Medicare-covered PTLD patients were identified who had at least one claim within a year of
PTLD diagnosis; however, additional patients may have a PTLD diagnosis without a subsequent claim and data prior to their PTLD diagnosis. Abbreviations. ER,
emergency room; HRU, healthcare resource use; n, number of patients; PTLD post-transplant lymphoproliferative disease; SD, standard deviation.
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costs >3.3 times higher than PTLD patients who were alive
at 2 years, showing that the majority of PTLD costs are
incurred by patients who do not survive. More importantly,
most PTLD patients who died within 2 years died within the
first 6months, and those who died within the first 6months
had almost 7 times higher costs than patients who survived.
The majority of these costs came from inpatient hospitaliza-
tions, which is consistent with high end-of-life care in these
patients, particularly in those who die within the first
6months. The considerable risk of death within 6months of
diagnosis combined with its quick onset serve as a major
driving factor for the high cost and HRU burden observed in
the first 2 years after a PTLD diagnosis, and further illustrate
the disproportionate burden of PTLD on the US health-
care system.

To the authors’ knowledge, this study is the first to exam-
ine the cost burden of PTLD in kidney transplant patients.
There is a lack of literature on costs and HRU for PTLD fol-
lowing kidney transplants, particularly based on survival sta-
tus. There is currently no literature examining Medicare
expenditures of PTLD in the US; clearly a substantial data
gap exists. Despite the rarity of PTLD, this study has shown
its significant burden on the healthcare system; therefore,
additional studies examining its economic burden are
needed. A recent registry analysis by Francis et al. showed
that transplant recipients with PTLD had increased excess
mortality in the first 2 years post-transplant compared with
controls, but not after9. Our study demonstrated that most
of these patients die within the first 6months, providing a
clearer picture of where the cost and HRU burden of PTLD
lies. Further research is needed in this area to confirm our
findings and to establish if there is a cost difference between
rapid- and late-onset PTLD and determine what risk factors
of PTLD impact survival. In addition, there is an urgent need
for new PTLD treatments with better outcomes and survival,
as many patients do not respond to available therapies and
succumb to this extremely aggressive and often fatal dis-
ease4,9,16,17. Better treatments for PTLD will help ensure that
transplants are successful and reduce the cost of care in a
successful transplant.

This study has certain limitations. Medicare costs were the
only costs examined as part of this analysis and may not be
representative of other costs incurred, or generalizable to
other insured populations such as commercially insured
patients, those with dual Medicaid-Medicare coverage, or
government-insured patients. PTLD is more common in pedi-
atric kidney recipients, who have a higher percentage of pri-
vate health insurance than adult kidney recipients, therefore,
our analysis of Medicare claims data may be incomplete for
the entire PTLD population23–25. It should be noted that
patients were only Medicare eligible for 3 years after trans-
plant unless aged �62 years, therefore any costs after this
cut-off were not included in the analysis, and the costs pre-
sented in this study are associated only with PTLD within the
first 3 years after transplantation. The data examined in this
study do not provide information on PTLD severity or type
of PTLD, therefore it was not possible to assess the relation-
ship between disease severity and cost or HRU burden.

Kidney transplants were the only SOTs examined; kidney
transplants are among the least expensive SOTs and there-
fore the costs reported here are not representative of other
SOTs. PTLD costs may be substantially higher in transplants
such as heart and lung, in which the cost of care is propor-
tionally more expensive18,26. Furthermore, treatment costs
within the inpatient setting are not separate from the diag-
nosis-related group costs, therefore treatment costs for PTLD
and non-PTLD patients could not be determined.

This analysis included 347 PTLD patients who were
Medicare-eligible and had at least one Medicare claim during
the first year after PTLD diagnosis; however, PTLD may be
under-reported, as this study only included and followed
patients who had transplant hospitalization claims and those
whose PTLD diagnosis was confirmed via malignancy forms.
The USRDS and OPTN databases have not been validated for
PTLD, therefore it is possible that the true number of PTLD
patients in these databases is higher than that reported in
this study27. Consequently, the HRU and costs of PTLD post-
kidney transplant could be different in the full PTLD popula-
tion to what is reported here.

Despite its limitations, the current analysis is strengthened
by the robust data sources used for the patient-level infor-
mation examined. The USRDS and SRTR registries are among
the most comprehensive kidney registries in the US, and our
analysis comprises a large and representative sample of
83,818 patients. To ensure costs were standardized as much
as possible, we computed PPY and PPM costs based on
Medicare paid amounts. We used one set of costs as a basis
for our analysis (paid amounts) to ensure consistent report-
ing and analysis of these data.

Conclusions

PTLD represents a considerable HRU and cost burden follow-
ing a kidney transplant, regardless of the year of diagnosis.
This cost burden for PTLD patients who died within 2 years
of diagnosis was >3.3 times higher than PTLD patients still
alive after 2 years. Among those who died within 2 years, the
majority died within the first 6months and costs were high-
est for these patients, with almost 7 times higher costs than
PTLD patients who were still alive after 2 years. Additional
studies are needed to determine whether this high cost bur-
den and healthcare utilization is modifiable, through earlier
or improved treatments.
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