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INTRODUCTION

Renal transplantation is considered the gold standard 
treatment choice among the available renal replacement 

therapy options for patients with end-stage renal disease.1 
Compared with dialysis, renal transplantation is associ-
ated with reductions in cardiac events, improved quality 

Liver Transplantation

Background. Kidney and liver transplantation is the standard of care for end-stage renal or liver disease. However, long-
term survival of kidney and liver grafts remain suboptimal. Our study aimed to understand the healthcare resources utilized 
and their associated costs in the years before graft failure.  Methods. Two noninterventional, retrospective, observational 
studies were conducted in cohorts of kidney or liver transplant patients. Once identified, patients were followed using the 
UK Clinical Practice Research Datalink linked to the Hospital Episode Statistics databases from the date of transplantation to 
the date of the first graft failure. Total healthcare costs in the year before graft failure (primary endpoint) and during years 2–5 
before graft failure (secondary endpoint) were collected.  Results. A total of 269 kidney and 81 liver transplant patients 
were analyzed. The mean total costs were highest for all resource components in the last year before graft failure, except for 
mean costs of immunosuppressive therapy per patient, which decreased slightly by index date (ie, graft failure). The mean 
total healthcare costs in the last year before graft failure were £8115 for kidney and £9988 for liver transplant patients and 
were significantly (P < 0.05) higher than years 2–5 before graft failure. Mean healthcare costs for years 2, 3, 4, and 5 before 
graft failure were £5925, £5575, £5469, and £5468, respectively, for kidney, and £6763, £7042, £6020, and £5651, respec-
tively, for liver transplant patients.  Conclusions. Total healthcare costs in the last year before graft failure are substantial 
and statistically significantly higher than years 2–5 before graft failure, in both kidney and liver transplant patients. Our find-
ings show the economic burden placed on healthcare services in the years before graft failure.
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of life, and increased survival.2 For patients with end-stage 
liver disease, liver transplantation provides the only effec-
tive treatment option.3,4

Both kidney and liver transplantation are cost-effective 
interventions compared with dialysis and other treatments.5-7 
However, the number of kidney transplant patients with a 
failed allograft from 1988 to 2010 in the United States has 
substantially increased8 and complications following liver 
transplantation are common, with approximately 22% of 
patients in the United States developing biliary complications 
post-liver transplantation.9 In addition, 20-year graft survival 
rates for both kidney and liver transplant patients in Europe 
are poor (<22%).10,11 Due to the increasing size of transplant 
waiting lists (United Kingdom patients awaiting a liver trans-
plant have tripled from 1999 to 2009) and shortage of grafts 
available,12,13 maximizing the long-term survival and function 
of each transplant by minimizing or controlling the foremost 
causes of graft loss is a clinical priority.

In many areas of medicine, costs rise substantially in the 
year before significant clinical events,14-17 indicating the need 
for specific strategies to be determined before these events 
occur. Although the average costs for transplantation, spe-
cifically the surgical procedure and preoperative care, are well 
established in the United Kingdom,18 knowledge of healthcare 
resource utilization and the associated costs during the last 
year before kidney and liver graft failure is limited.

In this analysis, we present the results of two similarly 
designed studies. The primary aim was to describe the distri-
bution of healthcare costs during the last year before kidney 
or liver graft failure in the United Kingdom. Secondary aims 
were to describe the distribution of these healthcare costs 
between years 2 and 5 before graft failure and compare these 
costs with the last year before graft failure. We hypothesized 
that the total healthcare costs in the last year before graft 
failure would be significantly higher than the costs during 
years 2–5.

MATERIALS AND METHODS

Study Overview/Design
Two noninterventional, retrospective, observational studies 

examined cohorts of either kidney or liver transplant patients 

in the United Kingdom. Data were collected from the National 
Health Service (NHS), Clinical Practice Research Datalink 
(CPRD), and Hospital Episode Statistics (HES) databases, 
allowing for a longitudinal analysis of resource and drug uti-
lization. For both studies, the index date was defined as the 
date of the first graft failure. Details of graft failure and how 
it was identified are described further in the methods below.

Data Sources
Patients were selected from the CPRD and cross-referenced 

with HES databases19,20 based on evidence (medcodes) for 
kidney or liver transplantation between 2004 and 2013 and 
subsequent graft failure between 2005 and 2014. Patient 
data were collected on demographic information, prescrip-
tion details, clinical events (symptoms, diagnoses), preventive 
care provided, diagnostic/pathological tests, immunizations, 
specialist referrals, hospital admissions and their major out-
comes, and details relating to death.

Patient Populations
Kidney and liver transplant patients were identified using 

transplant medcodes from CPRD and ICD-10 code Z94.4 
from HES (Supplementary Tables 1 and 2, SDC, http://links.
lww.com/TXD/A203). Kidney transplant patients receiving 
dialysis treatment were identified using dialysis medcodes 
from CPRD and ICD-10 codes T86.1, Z49.1, and Z99.2 
from HES. Kidney transplant patient deaths were identified 
from the CPRD and HES and combined with the dialysis 
dataset to determine the index date (Figure 1A). Patients who 
received additional liver transplants were identified using the 
same codes from CPRD and HES as before. Liver transplant 
patient deaths were identified, and these data were combined 
with datasets for additional liver transplants to determine the 
index date (Figure  1B). Duplicate patients receiving kidney 
or liver transplants and those receiving additional liver trans-
plants or dialysis were removed from both cohorts. Patients 
were matched to kidney and liver transplant patients who 
were receiving dialysis, a secondary liver transplant, or who 
had died using the common patient identifier. The time dif-
ferences between liver transplant and a second transplant or 
death, and kidney transplant and dialysis or death, were cal-
culated for each patient (Figure 1).

A B

FIGURE 1.  Summary of search strategy and number of patients included. A, Kidney transplant cohort. B, Liver transplant cohort. CPRD, 
Clinical Practice Research Datalink; HES, Hospital Episode Statistics.
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The studies included all kidney or liver transplant patients 
identified between 2004 and 2013 and those with graft failure 
between 2005 and 2014, for whom the time between receiv-
ing a transplant and subsequent graft failure was >365 days. 
To prevent the costs of initial posttransplantation resource use 
(not related to graft failure) affecting total healthcare costs, 
the studies excluded patients with <1 year between kidney or 
liver transplant and graft failure, and those patients who died 
within <1 year of receiving a transplant.

Outcomes and Endpoints
The primary endpoint for both studies was the total health-

care costs collected in the year before graft failure. A second-
ary endpoint was the total healthcare costs in years 2–5 before 
graft failure. For the primary objective, there was no compari-
son group or control. For the secondary objective, a repeated 
measures analysis was used.

Resource Utilization
Healthcare resource utilization was calculated for the fol-

lowing elements (each costed by their appropriate, respective 
2015/2016 tariff): healthcare visits, hospital length of stay, 
procedures and operations performed, transplant-related 
resources, and drugs dispensed. The covariates examined 
included sex, age at kidney or liver failure (children <18 y vs 
adults), and type of donor (deceased vs live).

Costs
Cost data for resource components were obtained from the 

same sources for both kidney and liver transplant patients. 
The costs for services provided in the community were 
obtained from the Unit Costs of Health and Social Care21 
and the cost of immunosuppressive agents from the British 
National Formulary.22 Diagnostic and pathology test costs 
were obtained from the NHS Reference Cost Schedule 2014– 
2015,23 and the cost of services provided in secondary care 
were obtained from the NHS Reference Schedule 2015–
2016.18 A summary of all inpatient events captured by the 
Healthcare Resource Group in the last year before graft 
failure and from years 2–5 before graft failure are shown in 
Supplementary Tables 3, 4, 5, and 6, SDC, http://links.lww.
com/TXD/A203.

The unit costs for the resources utilized leading up to graft 
failure are summarized in Table 1. Total healthcare costs were 
calculated by combining the following individual resource 
components: general practitioner (GP) consultations, diag-
nostic tests, immunosuppressive drugs, outpatient visits, day 
cases, and inpatient stays with associated interventions.

Statistical Analyses
Continuous and nominal variables were described using 

standard statistical measures. Repeated measures mixed model 
analysis (Stata 12.1)24 was conducted to estimate the impact 
of time to graft failure on resource utilization while adjusting 
for covariates (sex, age, and type of donor). Covariates were 
added to model the outcome, starting with a random inter-
cept model. Generalized linear models (log-link with a gamma 
error) were used to model healthcare costs in the last year 
before graft failure. Specifically, total healthcare costs for the 
period 5 years to >1 year before graft failure were compared 
with total healthcare costs in the last year before graft fail-
ure. Because they avoid the restrictions of repeated-measures 

TABLE 1

Summary of unit costs for resources utilized by kidney and 
liver transplant patients

Type of resource Unit cost (£)

GP consultations
  Per min of patient contacta 3.80
  Per patient contact lasting 11.7 mina 44 (3.80/min)
  Per patient contact lasting 17.2 mina 65 (3.80/min)
  GP telephone conversation lasting 7.1 min 27 (3.80/min)
  GP-led telephone triage 14 (3.50/min)
  Nurse-led telephone triage 8 (1.20/min)
  Home visitb 89 (3.80/min)
Diagnostic and pathology tests
  Cytology 6.99
  Histopathology and histology 28.82
  Integrated blood services 1.74
  Clinical biochemistry 1.19
  Hematology 3.01
  Immunology 5.49
  Microbiology 6.89
  Phlebotomy 3.46
  Other 7.13
Outpatient visits
  First attendance—single professional 181
  First attendance—multiprofessional 256
  Follow up attendance—single professional 107
  Follow up attendance—multiprofessional 138
Immunosuppressive drugs
  Adoport 1 mg capsules (Sandoz Ltd) 1 mg, 50-cap pack = £55.69
  Adoport 5 mg capsules (Sandoz Ltd) 5 mg, 50-cap pack = £205.74
  Advagraf 1 mg modified-release capsules 

(Astellas Pharma Ltd)
1 mg, 50-cap pack = £71.59

  Advagraf 3 mg modified-release capsules 
(Astellas Pharma Ltd)

3 mg, 50-cap pack = £214.76

  Advagraf 5 mg modified-release capsules 
(Astellas Pharma Ltd)

5 mg, 50-cap pack = £266.92

  Azathioprine 25 mg tablets 25 mg, 28-tab pack = £3.24
  Azathioprine 50 mg tablets 50 mg, 56-tab pack = £3.13
  Capsorin 50 mg capsules  

(Morningside Healthcare Ltd)
50 mg, 30-cap pack = £25.59

  CellCept 250 mg capsules  
(Roche Products Ltd)

250 mg, 100-cap  
pack = £82.26

  CellCept 500 mg tablets  
(Roche Products Ltd)

500 mg, 50-tab pack = £82.26

  Ciclosporin 100 mg capsules 100 mg, 30-cap pack = £48.89
  Ciclosporin 25 mg capsules 25 mg, 30-cap pack = £13.05
  Ciclosporin 50 mg capsules 50 mg, 30-cap pack = £25.59
  Imuran 25 mg tablets (Aspen Pharma 

Trading Ltd)
25 mg, 100-tab pack = £10.99

  Imuran 50 mg tablet (Wellcome Medical 
Division)

50 mg, 100-tab pack = £7.99

  Imuran 50 mg tablets (Aspen Pharma 
Trading Ltd)

50 mg, 100-tab pack = £7.99

  Mycophenolate mofetil 1 g/5 mL oral 
suspension sugar free

1 g/5 mL, 175 mL bottle = £115.16

  Mycophenolate mofetil 250 mg capsules 250 mg, 100-cap pack = £82.26
  Mycophenolate mofetil 500 mg powder for 

solution for infusion vials
500 mg, 50-tab pack = £6.64

  Mycophenolate mofetil 500 mg tablets 500 mg, 50-tab pack = £6.64
  Mycophenolic acid 180 mg gastroresistant 

tablets
180 mg, 120-tab pack = £96.72

  Mycophenolic acid 360 mg gastroresistant 
tablets

360 mg, 120-tab pack = £193.43

(Continued next page)
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analysis of variance, linear mixed models (containing both 
fixed and random effects) were used to ensure that total costs 
in the last year before graft failure were different to the total 
costs in years 2–5 before graft failure.25

RESULTS

Patients
The final number of patients included in the analysis was 

269 kidney and 81 liver transplant patients. The number of 
patients available for analysis varied according to the time 
lapse between transplant and graft failure or death (Table 2). 
In the kidney cohort, the mean (standard deviation [SD]) 

age of patients was 57.4 (15.4) years (males: 56.8 [15.4] y; 
females: 58.4 [15.5] y). In the liver cohort, the mean (SD) 
age of patients was 57.8 (16.4) years (males: 60.0 [13.6] y; 
females: 54.9 [19.3] y).

In the kidney transplant cohort, the graft failure catego-
ries at the index date were as follows: death (41%; n = 111), 
dependence on renal dialysis (23%; n = 61), complications of 
kidney transplant (18%; n = 49), extracorporeal dialysis (7%; 
n = 18), and other categories (11%; n = 30). In the liver trans-
plant cohort, graft failure categories at the index date were as 
follows: death (89%; n = 72) and additional liver transplant 
(11%; n = 9).

GP Consultations
The mean number of GP consultations in the year before 

graft failure were 30.0 in the kidney transplant cohort and 
34.1 in the liver transplant cohort with mean total durations 
of 7.3 and 9.3 minutes, respectively (Table  3). The mean 
duration and number of GP consultations for both studies, 
in years 2–5 before graft failure increased in the time peri-
ods closest to graft failure. Compared with years 2–5, the 
last year before graft failure demonstrated the highest mean 
duration and number of GP consultations for both studies 
(Table 3).

Drug Utilization and Costs
The mean number of prescriptions per patient was 110.9 

and 97.5 in the kidney and liver transplant cohorts, respec-
tively (Table 3). The total cost of immunosuppressive thera-
pies in the year before graft failure were £673 709 and £179 
618 in the kidney and liver transplant cohorts, respectively 
(Table 4). Mean (SD) per patient costs were £2504 (£2298) 
and £2218 (£2849), respectively (Table 4). In the 5 years before 
graft failure, mean immunosuppressant costs per patient were 
lowest between years 1 and 2 for the kidney cohort and in 
the year before graft failure for the liver cohort. In the kid-
ney transplant cohort, the other most frequently used drug 
therapies in the last year before graft failure were as follows: 
statins (59.9%; n = 161); calcium-channel blockers (55.4%;  
n = 149); proton pump inhibitors (54.3%; n = 146); antiplate-
let drugs (52.4%; n = 141); and loop diuretics (52.0%; n = 
140; Table 5). In the liver transplant cohort, these included 
proton pump inhibitors (63.0%; n = 51); broad-spectrum pen-
icillin antibiotics (46.9%; n = 38); opioid analgesics (43.2%;  
n = 35); and antiplatelet drugs (40.7%; n = 33; Table 5). In 
years 2–5 before graft failure, other frequently used drug 
therapies for the kidney and liver cohorts included statins 

TABLE 2

Number of patients available for analysis based on the 
time before graft failure

Time before graft failure or  
death after transplantationa

No. of kidney 
transplant patients

No. of liver  
transplant patients

Last y 269 81
From 1 to 2 y 208 62
From 2 to 3 y 159 42
From 3 to 4 y 108 31
From 4 to 5 y 82 24

aRefers to the number of y before graft failure or death, not the number of y posttransplantation.

  Myfortic 360 mg gastroresistant tablets 
(Novartis Pharmaceuticals UK Ltd)

360 mg, 120-tab pack = £193.43

  Neoral 100 mg capsules (Novartis 
Pharmaceuticals UK Ltd)

100 mg, 30-cap pack = £68.28

  Neoral 100 mg/mL oral solution (Novartis 
Pharmaceuticals UK Ltd)

100 mg/mL, 50 mL = £102.30

  Neoral 10 mg capsules (Novartis 
Pharmaceuticals UK Ltd)

10 mg, 60-cap pack = £18.25

  Neoral 25 mg capsules (Novartis 
Pharmaceuticals UK Ltd)

25 mg, 30-cap pack = £18.37

  Neoral 50 mg capsules (Novartis 
Pharmaceuticals UK Ltd)

50 mg, 30-cap pack = £35.97

  Prednisolone 1 mg tablets 1 mg, 28-tab pack = £1.07
  Prednisolone 2.5 mg gastroresistant tablets 2.5 mg, 28-tab pack = £1.52
  Prednisolone 25 mg tablets 25 mg, 56-tab pack = £75.00
  Prednisolone 5 mg gastroresistant tablets 5 mg, 28-tab pack = £1.24
  Prednisolone 5 mg soluble tablets 5 mg, 30-tab pack = £53.48
  Prednisolone 5 mg tablets 5 mg, 28-tab pack = £1.24
  Prograf 1 mg capsules (Astellas Pharma Ltd) 1 mg, 50-cap pack = £80.28
  Prograf 500 μg capsules  

(Astellas Pharma Ltd)
500 μg, 50-cap pack = £61.88

  Prograf 5 mg capsules (Astellas Pharma Ltd) 5 mg, 50-cap pack = £296.58
  Rapamune 1 mg tablets (Pfizer Ltd) 1 mg, 30-tab pack = £86.49
  Rapamune 2 mg tablets (Pfizer Ltd) 2 mg, 30-tab pack = £172.98
  Sandimmun 100 mg capsules  

(Novartis Pharmaceuticals UK Ltd)
100 mg, 30-cap pack = £68.28

  Sandimmun 100 mg/mL oral solution 
(Novartis Pharmaceuticals UK Ltd)

100 mg/mL, 50 mL = £102.30

  Sandimmun 25 mg capsules  
(Novartis Pharmaceuticals UK Ltd)

25 mg, 30-cap pack = £18.37

  Sandimmun 50 mg capsules  
(Novartis Pharmaceuticals UK Ltd)

50 mg, 30-cap pack = £35.97

  Sirolimus 1 mg tablets 1 mg, 30-tab pack = £86.49
  Sirolimus 2 mg tablets 2 mg, 30-tab pack = £172.98
  Sirolimus 500 μg tablets 500 μg, 30-tab pack = £69.00
  Tacrolimus 1 mg capsules 1 mg, 50-cap pack = £55.69
  Tacrolimus 1 mg modified-release capsules 1 mg, 50-cap pack = £71.59
  Tacrolimus 2.5 mg/5 mL oral suspension 1 mg, 50-sachet pack = £356.65
  Tacrolimus 500 μg capsules 500 μg, 50-cap pack = £42.92
  Tacrolimus 500 μg modified-release 

capsules
500 μg, 50-cap pack = £61.88

  Tacrolimus 5 mg capsules 5 mg, 50-cap pack = £205.74
  Vivadex 1 mg capsules (Dexcel Pharma Ltd) 1 mg, 50-cap pack = £60.21

aExcludes travel.
bAssumes an average of 12 min of travel time per visit and a visit duration of 11.4 min.
Cap, capsule; GP, general practitioner; tab, tablet.

TABLE 1  (Continued)

Type of resource Unit cost (£)
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and proton pump inhibitors and broad-spectrum penicillin 
antibiotics, calcium-channel blockers, and antiplatelet drugs, 
respectively (Supplementary Tables 7 and 8, SDC, http://links.
lww.com/TXD/A203).

Diagnostic Tests
In both cohorts, the mean number of diagnostic tests in 

the year before graft failure (61.7 and 65.4 per patient in the 
kidney and liver transplant cohorts, respectively) was higher 
compared with years 2–5 (Table 3). The most frequently used 
tests in the year before graft failure included serum creati-
nine (kidney: 5.1%; n = 839; liver: 3.9%; n = 208), potassium 
(kidney: 3.8%; n = 636; liver: 3.6%; n = 189), and sodium 
(kidney: 3.4%; n = 563; liver: 3.5%; n = 185; Table 6).

Referrals from GPs
Compared with years 2–5, the mean number of referrals 

from GPs to other providers differed were higher in the year 

before graft failure for both cohorts (0.9 and 1.1 per patient 
for kidney and liver transplant cohorts, respectively; Table 3).

Inpatient Stays
The mean number of inpatient procedures in both cohorts 

was higher in the last year before graft failure (1.4 and 2.2 per 
patient for kidney and liver transplant cohorts, respectively) 
compared with years 2–5 (Table 3).

Day Cases
The mean number of day cases in the last year before graft 

failure was 1.1 and 4.4 per patient in the kidney and liver 
cohorts, respectively (Table  3). Day care procedures were 
highest in the last year before graft failure for the kidney 
transplant cohort and from years 3 to 4 (4.9 per patient) for 
the liver transplant cohort.

Outpatient Visits
In both cohorts, the mean number of outpatient visits in 

the last year before graft failure (7.5 and 2.9 per patient in 
kidney and liver transplant cohorts, respectively) was higher 
compared with years 2–5 (Table 3).

Total Costs by Year
The mean totals per patient healthcare costs in the last year 

before graft failure were £8115 (SD: £4539; 95% confidence 
interval [CI], £7570–£8659) for the kidney transplant cohort 
and £9988 (SD: £6703; 95% CI, £8506–£11 470) for the liver 
transplant cohort (Figure 2). For years 2, 3, 4, and 5, mean 
(SD) total healthcare costs for kidney transplant patients were 
£5925 (£3155), £5575 (£3253), £5469 (£2976), and £5468 
(£3242) and for liver transplant patients were £6763 (£4940), 
£7042 (£5812), £6020 (£5518), and £5651 (£3074), respec-
tively (Figure  2). Results of mixed-level modeling demon-
strated total healthcare costs as a function of time to graft 
failure (last year compared with years 2–5) were statistically 
significant (P < 0.05; Figure 3).

For the kidney transplant cohort, the main cost compo-
nents were immunosuppressive drugs, inpatient stays (both 
displayed similar costs), and outpatient visits. For the liver 

TABLE 3.

Mean healthcare resource use for kidney and liver transplants in the year before and years 2–5 before graft failure

Time before graft 
failure/death after 
transplantationa

GP 
consultations 

per patient
Duration of GP 
consultations

Prescriptions  
dispensed per  

patient

Diagnostic 
tests per 
patient

Referrals 
from GPs 

per patient

Inpatient  
procedures  
per patient

Day case  
procedures  
per patient

Outpatient 
visits per 
patient

Kidney transplant cohort
  Last y 30.0 7.3 110.9 61.7 0.9 1.4 1.1 7.5
  From 1 to 2 y 26.0 6.3 104.3 50.0 0.8 0.7 0.5 6.0
  From 2 to 3 y 22.7 7.0 95.4 45.4 0.7 0.6 0.5 5.1
  From 3 to 4 y 22.3 6.6 92.7 47.4 0.8 0.4 0.6 4.8
  From 4 to 5 y 24.1 6.4 92.9 39.0 0.7 0.4 0.3 4.7
Liver transplant cohort
  Last y 34.1 9.3 97.5 65.4 1.1 2.2 4.4 2.9
  From 1 to 2 y 26.5 7.0 91.9 51.6 0.8 1.1 3.4 2.8
  From 2 to 3 y 24.0 7.9 85.7 58.3 0.7 1.2 4.3 2.5
  From 3 to 4 y 19.9 11.1 63.7 64.2 0.9 0.7 4.9 1.5
  From 4 to 5 y 21.6 6.7 62.8 46.2 0.5 0.6 1.0 2.4

aRefers to the number of y before graft failure, not the number of y posttransplantation.
GP, general practitioner.

TABLE 4.

Mean annual costs of immunosuppressive therapies

Time before graft  
failure after 
transplantationa

Total cost 
(£)

Mean cost (SD)  
per patient (£)

Median (IQR) cost  
per patient (£)

Kidney transplant cohort
  Last y 673 709 2504 (2298) 2175 (2194)
  From 1 to 2 y 519 346 2497 (1804) 2375 (2015)
  From 2 to 3 y 421 258 2649 (2005) 2379 (2069)
  From 3 to 4 y 302 121 2797 (2079) 2638 (1839)
  From 4 to 5 y 233 338 2846 (1599) 2603 (1376)
Liver transplant cohort
  Last y 179 618 2218 (2849) 1613 (1788)
  From 1 to 2 y 138 434 2233 (1882) 2015 (1344)
  From 2 to 3 y 98 277 2340 (1932) 2111 (1160)
  From 3 to 4 y 74 490 2403 (1320) 2403 (809)
  From 4 to 5 y 66 620 2776 (1894) 2776 (912)

aRefers to the number of y before graft failure, not the number of y posttransplantation.
IQR, interquartile range; SD, standard deviation.
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transplant cohort, the main cost components were inpatient 
stays (approximately twice the cost of immunosuppres-
sive drugs), immunosuppressive drugs, and day cases. Total 
healthcare costs were higher in the last year before graft fail-
ure in all components compared with previous years, apart 
from immunosuppression (Figure 2). The mean (SD) inpatient 
cost per patient in the year before graft failure was £2521 
(£3001) for kidney and £4494 (£4761) for liver transplant 
cohorts and was higher in the last year before graft failure 
compared with previous years (Figure 4). Median (interquar-
tile range) inpatient costs per patient in the year before graft 
failure were £1510 (£3674) and £3221 (£5573)  for kidney 
and liver transplant cohorts, respectively.

Total Costs by Sex, Age, and Type of Donor
For patients receiving a kidney transplant, the mean total 

costs during the last year before graft failure for males and 
females were £8413 (SD: £4726; 95% CI, £7685–£9142) 
per patient and £7648 (SD: £4210; 95% CI, £6833–£8462) 
per patient, respectively (Table 7). For patients receiving liver 
transplant, mean annual costs for males and females dur-
ing the last year were £8421 (SD: £5651; 95% CI, £6743– 
£10 099) and £12 048 (SD: £7468; 95% CI, £9483–£14 613), 
respectively. Total costs by sex were statistically significantly 
different (P < 0.05) for liver transplant patients only, with 
higher total costs for females compared with males (Figure 5).

Kidney grafts from live donors were less expensive than 
those from deceased donors (mean costs: £5511 vs £9054), 
although not reaching statistical significance (due to small 
numbers of clearly identifiable grafts from live or deceased 

donors). For liver transplant patients, there were no sufficient 
data to analyze costs by donor type.

DISCUSSION

To our knowledge, this is the first study to accurately describe 
the distribution of healthcare costs and resource utilization in 
the years leading up to kidney and liver graft failure. The results 
of this study, based on real-world data, confirm the underlying 
hypothesis of the study that total healthcare costs in the last 
year before graft failure are significantly higher (P < 0.05) than 
years 2–5. Therefore, these studies show the later stages of a 
graft’s lifetime, specifically the last year before graft failure, to 
be associated with greater consumption of healthcare resources, 
with inpatient stays being the main cost driver.

Traditionally, economic evaluations in the field of trans-
plantation (eg, a German study by Jüurgensen et al26) have 
taken into consideration potential changes in posttransplanta-
tion costs. However, few studies adequately reflect the actual 
patient pathway of graft failure. Kidney transplant patients 
typically present with slow functional decreases over time, 
eventually culminating in graft failure.27 Comparably, liver 
transplant patients also follow a similar course with 10-year 
graft failure estimated at approximately 35%.28 Moreover, 
studies have generally not accounted for cost variations 
in transplant patients using graft failure as the index date. 
Therefore, our analysis provides a novel insight into the addi-
tional costs incurred in the later years of a kidney and liver 
transplant patient’s clinical course.

In the present study, the mean total costs (median; inter-
quartile range) during the last year before graft failure 

TABLE 5.

Use of other drug therapies for kidney and liver transplants in the last year before graft failure

Kidney transplant cohort Liver transplant cohort

BNF chaptera

No. of  
patients (%) BNF chaptera

No. of 
patients (%)

Statins 161 (59.9) Proton pump inhibitors 51 (63.0)
Calcium-channel blockers 149 (55.4) Broad-spectrum penicillins 38 (46.9)
Proton pump inhibitors 146 (54.3) Opioid analgesics 35 (43.2)
Antiplatelet drugs 141 (52.4) Antiplatelet drugs 33 (40.7)
Loop diuretics 140 (52.0) Nonopioid and compound analgesics 33 (40.7)
Broad-spectrum penicillins 121 (45.0) Statins 32 (39.5)
Vitamin D 117 (43.5) Vitamin D 31 (38.3)
Alpha-adrenoceptor-blocking drugs/alpha-blockers (in 

urinary retention)
112 (41.6) Calcium-channel blockers 27 (33.3)

Angiotensin-converting enzyme inhibitors 99 (36.8) Drugs affecting biliary composition and flow 21 (25.9)
Beta-adrenoceptor-blocking drugs 87 (32.3) Nonopioid and compound analgesics/opioid analgesics 20 (24.7)
Nonopioid and compound analgesics 80 (29.7) Angiotensin-converting enzyme inhibitors 19 (23.5)
Oral bicarbonate 79 (29.4) Detection strips, blood for glucose—biosensor strips 19 (23.5)
Angiotensin II receptor antagonists 77 (28.6) Loop diuretics 19 (23.5)
Nonopioid and compound analgesics/opioid analgesics 62 (23.0) Osmotic laxatives 18 (22.2)
Cephalosporins 58 (21.6) Selective beta 2 agonists 17 (21.0)
Oral iron 58 (21.6) Bisphosphonates and other drugs affecting bone metabolism 16 (19.8)
Long-term control of gout 55 (20.4) Emollients 16 (19.8)
Opioid analgesics 53 (19.7) Drug used in nausea and vertigo—domperidone and 

metoclopramide
15 (18.5)

H2-receptor antagonists 51 (19.0) Intermediate- and long-acting insulins 15 (18.5)
Osmotic laxatives 46 (17.1) Lancet sterile single use 15 (18.5)

aDrug therapies are defined by BNF chapter.
BNF, British National Formulary.
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were £8115 (£7450.26; £5840.11) and £9988 (£8237.24; 
£8187.15) for kidney and liver transplants, respectively. Total 
costs substantially increased during the last year before graft 
failure, compared with the relatively stable costs reported dur-
ing years 2–5. For liver transplant patients, costs were sta-
tistically significantly (P < 0.05) higher for female patients 
compared with male patients. Although the exact explanation 
for the higher reported cost in female liver transplant patients 
is unclear, it is possible that this may reflect, in part, the dis-
parities in posttransplantation outcomes between male and 
female patients. For example, compared with male transplant 
patients, females have a slightly greater incidence of retrans-
plantation.29 This is possibly related to the recurrence of 
diseases, such as primary biliary cirrhosis and autoimmune 
hepatitis, which were responsible for the primary liver trans-
plant.29 Likewise, the recurrence of hepatitis C is also possi-
bly related.30 However, the development of effective antiviral 
treatments31 questions whether sex differences will exist in 
future hepatitis C populations.

Inpatient visits were the biggest cost driver in the year before 
graft failure, confirming findings from other studies which 
analyzed the costs associated with kidney and liver transplant 
patients.32,33 In the last year before graft failure, the reasons 

for hospitalization in our study were widespread and either 
related or unrelated to transplantation. Therefore, if strategies 
to avoid or defer inpatient interventions, such as those recom-
mended by the Consensus on Managing Modifiable Risk in 
Transplantation group,34 can be implemented, this will most 
likely impact the total healthcare costs in the last year before 
graft failure. In addition, the assessment of hospitalizations 
that could potentially be managed in a less costly outpatient 
setting may also help to reduce overall costs.

The Consensus on Managing Modifiable Risk in 
Transplantation group reports the importance of using com-
prehensive methods to identify and manage potentially revers-
ible risk factors for graft failure in kidney and liver transplant 
recipients.34 These modifiable risk factors over the longer term 
include issues related to immunosuppression, such as nonad-
herence and side effects. It is possible that closer clinical man-
agement of these risk factors in transplanted patients could 
plateau the costs in all the years before failure rather than 
significantly increasing costs in the last year.

Strategies that might accurately diagnose early graft failure 
would be beneficial. A study being conducted by Dorling et 
al35 is evaluating the use of a combined antibody/treatment 
program in patients receiving a kidney transplant. The study 

TABLE 6.

Diagnostic tests used for kidney and liver transplants in the last year before graft failure

Kidney transplant cohort Liver transplant cohort

Diagnostic testa Frequency (%) Diagnostic testb Frequency (%)

Serum creatinine 839 (5.1) Serum creatinine 208 (3.9)
Serum potassium 636 (3.8) Serum potassium 189 (3.6)
Serum sodium 563 (3.4) Serum sodium 185 (3.5)
Hemoglobin estimation 540 (3.3) Platelet count 169 (3.2)
Platelet count 481 (2.9) Serum albumin 165 (3.1)
Serum urea level 462 (2.8) Hemoglobin estimation 160 (3.0)
Total white cell count 455 (2.7) Total white cell count 158 (3.0)
Mean corpuscular volume 443 (2.7) Serum alkaline phosphatase 150 (2.8)
Serum albumin 443 (2.7) Mean corpuscular volume 144 (2.7)
Red blood cell count 395 (2.4) Neutrophil count 143 (2.7)
Serum alkaline phosphatase 393 (2.4) Serum urea level 141 (2.7)
Neutrophil count 383 (2.3) Lymphocyte count 136 (2.6)
Lymphocyte count 380 (2.3) Monocyte count 136 (2.6)
Monocyte count 379 (2.3) Red blood cell count 136 (2.6)
Eosinophil count 375 (2.3) Eosinophil count 135 (2.6)
Mean corpuscular hemoglobin 368 (2.2) Mean corpuscular hemoglobin 132 (2.5)
Basophil count 357 (2.1) Basophil count 123 (2.3)
International normalized ratio 345 (2.1) Hematocrit 119 (2.2)
Hematocrit 324 (2.0) Serum total bilirubin level 98 (1.9)
Mean corpuscular hemoglobin concentration 291 (1.8) GFR calculated abbreviated MDRD 97 (1.8)
Serum calcium 256 (1.5) Mean corpuscular hemoglobin concentration 95 (1.8)
Serum inorganic phosphate 242 (1.5) ALT/SGPT serum level 93 (1.8)
Corrected serum calcium level 238 (1.4) Red blood cell distribution width 93 (1.8)
Full blood count 216 (1.3) Serum total protein 90 (1.7)
Serum total bilirubin level 201 (1.2) International normalized ratio 83 (1.6)
ALT/SGPT serum level 194 (1.2) Serum bilirubin level 59 (1.1)
GFR calculated abbreviated MDRD 194 (1.2) Serum globulin 59 (1.1)
Serum cholesterol 188 (1.1) Liver function test 57 (1.1)
Serum total protein 184 (1.1) Serum gamma-glutamyl transferase level 54 (1.0)
Serum bicarbonate 181 (1.1) Serum TSH level 50 (0.9)

aThe 30 most frequent diagnostic tests represent 65.9% of all 16 610 tests.
bThe 30 most frequent diagnostic tests represent 69.1% of all 5293 tests.
ALT, alanine aminotransferase; GFR, glomerular filtration rate; MDRD, modification of diet in renal disease study equation; SGPT, serum glutamic pyruvic transaminase; TSH, thyroid stimulating hormone.
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aims to enhance graft function and delay graft failure through 
screening patients for antibodies against human leukocyte 
antigens to ensure that these patients, who are at a high risk of 

premature graft failure, are identified and treated accordingly. 
If a biomarker-led care regimen proved clinically beneficial 
and delayed the onset of graft failure, this may also reduce 

A

B

FIGURE 2.  Mean total healthcare costs by year and component. A, Kidney. B, Liver. GP, general practitioner; IP, inpatient visits;  
OP, outpatient visits.

A

B

FIGURE 3.  Total costs as a function of time to graft failure and sex. A, Kidney transplant cohort. B, Liver transplant cohort.
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treatment costs per year, as graft failure has been shown to be 
a cost-driving event.36 Measurement of serum creatinine is a 
common approach for the assessment of graft function or risk 
for graft loss, and ≥3.0 mg/dL appears to be associated with 
the lowest projected kidney graft half-life.37 In our study, 839 
creatinine tests were performed in 269 kidney patients in the 
year before graft failure.

Compared with randomized controlled trials, this study 
was able to measure healthcare resource utilization and 
costs over a longer time period through the use of real-world 

data.38-40 As such, our results were based on data taken from a 
representative transplant patient population in the CPRD and 
associated HES databases in the United Kingdom. While unit 
costs would vary, it is likely that our key findings (significantly 
higher costs in the last year before graft failure, compared 
with years 2–5) would also pertain to other countries.

Our analysis also provides an accurate source of data to esti-
mate healthcare resource use and costs associated with graft 
failure in the time leading up to the event. Higher resource use 
and costs in the last year before graft failure compared with 

A

B

FIGURE 4.  Mean inpatient costs per patient in the year before graft failure and years 2–5 before graft failure. A, Kidney transplant cohort.  
B, Liver transplant cohort.

TABLE 7.

Mean total healthcare costs by year

Time before graft failure/death after transplantationa Mean cost (SD) per patient (£) Median cost (IQR) per patient (£)

Kidney transplant cohort
  Last y 8115 (4539) 7450 (5840)
    Males 8413 (4726) 7705 (5722)
    Females 7648 (4210) 6897 (5677)
  From 1 to 2 y 5925 (3155) 5697 (4276)
  From 2 to 3 y 5575 (3253) 4812 (4181)
  From 3 to 4 y 5469 (2976) 4723 (3203)
  From 4 to 5 y 5468 (3242) 4818 (3319)
Liver transplant cohort
  Last y 9988 (6703) 8237 (8187)
    Males 8421 (5651) 6927 (5627)
    Females 12 048 (7468) 10 027 (10 264)
  From 1 to 2 y 6763 (4940) 5451 (6107)
  From 2 to 3 y 7042 (5812) 5433 (5870)
  From 3 to 4 y 6020 (5518) 4089 (3272)
  From 4 to 5 y 5651 (3074) 5797 (3406)

aRefers to the number of y before graft failure, not the number of y posttransplantation.
IQR, interquartile range; SD, standard deviation.



10	 Transplantation DIRECT   ■   2019	 www.transplantationdirect.com

years 2–5 is probably not unexpected. However, this study 
represents the first time that resources and costs have been 
estimated in the year before graft failure in renal and liver 
transplantation. These data could be used as inputs in future 
health economic assessments (eg, cost-effectiveness analyses 
of immunosuppressant therapies) and support payers in their 
decision-making. In addition, there may be justification to 
update cost-effectiveness analyses to account for intermedi-
ate states of disease progression, where the costs substantially 
increase before failure. Implications from our study may sug-
gest that the cost of treating transplanted patients with immu-
nosuppressants has been previously underestimated.

Important limitations of our studies should be noted. For 
instance, these studies have the established limitations of any 
retrospective analysis. However, given the lengthy period of 
this analysis, such studies would be difficult to undertake pro-
spectively. The possibility of misclassification bias, and the fact 
that temporal relationships are often difficult to assess, are 
also limitations. Critically, this study is a conservative analysis 
and potentially underestimates the actual costs incurred lead-
ing up to kidney or liver graft failure. For example, as kidney 
graft failure is not an acute event and happens over time, dial-
ysis is often implemented as a part of a care package before 
allograft failure; however, our analysis does not account for 
these costs. Additional renal costs, such as management of 
episodes of antibody-mediated rejection and re-establishing 
vascular access for patients whose grafts fail and need to be 
returned to dialysis, have not been fully captured in the total 
healthcare costs. Likewise, other secondary care costs, such 
as those associated with radiology (inpatient/outpatient) and 
bed stays (by type of bed: general ward, high dependency unit, 
intensive care unit) are not included in our analysis.

Nevertheless, a longitudinal analysis has been possible due 
to the size of the original database. To this end, our novel 

findings highlight the substantial burden placed on healthcare 
services in the years leading up to graft failure. On the basis 
of our results, future studies are recommended to compare 
healthcare resource utilization and costs in patients with and 
without graft failure. For example, it may be of value to evalu-
ate resource use in patients whose creatinine rises above a cer-
tain threshold (eg, 3.0 mg/dL).

CONCLUSION

In conclusion, total healthcare costs in the year before graft 
failure in both kidney and liver transplant patients are sub-
stantial and significantly greater (P < 0.05) than the earlier 
years posttransplantation.
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