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Abstract

Objective: Immunobiogram (IMBG) is an in vitro diagnostic immune function bioassay that evaluates the pharmacodynamic im-
mune response profile of each patient to individual immunosuppressants (IMS) in renal transplant. The objective was to estimate 
the potential economic and health impact of the use of IMBG for the Spanish National Health System (NHS). 

Methods: The evolution of a cohort of patients with kidney transplantation at least 1 year after transplantation (time horizon of 5 
years) was simulated using a second-order Monte Carlo simulation for two scenarios: renal failure in patients with high immunolo-
gical risk (HR), and adverse events (AE) in stable patients (non-HR). The transition probabilities were obtained from a clinical study 
with IMBG and a systematic review. The cost associated with graft failure (dialysis, re-transplantation), IMS and AE management 
were obtained from Spanish sources.

Results: IMS adjustment, according to the IMBG could contribute to a risk reduction of graft failure with a saving per HR patient 
of €20,263 (95% CI €17,520-23,678) (100% saving probability). The expected reduction in the AE rate would generate savings per 
non-HR patient of €1,409 (95% CI €41-3,316) (97.8% saving probability). Compared with the option of not using IMBG, 0.5256 (95% 
CI 0.3388, 0.7452) years of life and 0.0219 (95% CI 0.0115; 0.0356) quality-adjusted life years (QALY) would be gained in each patient 
evaluated with IMBG.

Conclusions: IMBG could contribute to a risk reduction of graft failure and AEs related with IMS, with gain in years of life and QALY, 
as well as with considerable savings for the NHS.
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INTRODUCTION

Kidney transplantation is the treatment of choice 
for patients with end-stage renal disease, because 
it improves short- and long-term survival compa-
red to dialysis1. A study in Ireland observed a 47% 
reduction in mortality over 5 years in kidney trans-
plantation patients compared to dialysis waiting list 
patients2.

Rejection and infection are the most important 
complications after solid organ transplantation3. 
To reduce the risk of rejection (graft failure), kid-
ney transplantation patients require long-term 
treatment with immunosuppressive therapy 
(IMS)4.

Currently, IMS regimens are based on the recom-
mendations from the international clinical practice 
guidelines4-6. The treatment is fundamentally per-
formed based on the patient’s immunological risk 
profile, the plasma levels of some IMS and the tole-
rance to the treatment.  However, biomarkers of the 
pharmacodynamic response to individual IMS that 
could help nephrologists establish personalized 
treatments for each patient are not yet available. 
Individualization of IMS therapy is a necessity, and 
various models and programmes are being develo-
ped to that end7,8.

Costs associated with renal graft rejection are 
very high. The cost in Spain updated to 2019 of hae-
modialysis and peritoneal dialysis is estimated at 
€46,000 and €35,659, respectively9. The estimated 
cost of the re-transplantation would amount to 
€45,38410.
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Immunobiogram® (IMBG) is an immunologi-
cal function bioassay, based on the antibiogram 
concept, performed using an in vitro culture of 
peripheral blood mononuclear cells (PBMCs)11. 
This in vitro diagnostic bioassay, which combi-
nes a biotechnology test and a data interpre-
tation program, will help physicians select the 
most appropriate IMS and IMS doses for each 
kidney transplant patient. The IMBG allows to 
know in vitro the sensitivity profile of each pa-
tient to the different IMS drugs used in kidney 
transplantation to avoid graft rejection. The 
test is performed on a blood sample of the 
patient. In the IMBG the isolated immune cells 
are activated and exposed to different immu-
nosuppressive drugs to measure the ability of 
each IMS to inhibit the activation and prolife-
ration of immune cells in each patient. Using 
a fluorescence-emitting reagent, the inhibition 
along a concentration gradient of IMS can be 
quantified, and a dose-response inhibition cur-
ve of each IMS can be described for each pa-
tient. This results in a profile of greater or lesser 
sensitivity to the different drugs used, which is 
different in each individual. It is a system of low 
technical complexity, which could be used as a 
routine method in hospitals.

The BH-Pilot 2015 is a proof-of-concept (PoC) 
study in kidney transplant patients, which 
analysed  IMBG results in 70 kidney transplant 
patients at least 1 year after transplantation 
(maintenance period of immunosuppression). 
These patients were classified into three cate-
gories based on an immune risk assessment: (i) 
HR patients (with a history of rejection, positive 
HLA antibodies or impaired renal function, or 
combinations of the above criteria); (ii) contro-
lled patients (who maintain good graft function 
with conventional maintenance immunosu-
ppression); and (iii) low immune risk patients 
(with no immune risk criteria and stable immu-
nosuppressive therapy, with low levels of IMS 
for years) (non-HR)11. According to the results of 
this study, performed in Spain, 55% of patients 
with HR would be resistant to at least one of the 
IMS they were being treated and 78% of stable, 
non-HR patients would be sensitive to all IMS 
(66% when taking together non-HR and contro-
lled patients), allowing for a dose adjustment 

that would lead to a hypothetical reduction in 
the incidence of rejection or the rate of adverse 
events (AE) respectively. This study revealed an 
association between the sensitivity of individual 
patients to the IMS regimen and their immuno-
logical risk of transplant rejection. According to 
this study, incorporation of the IMBG assay into 
clinical settings could facilitate personalized 
optimization and monitoring of IMS therapy12.

The study objective was to estimate the eco-
nomic and health impact for the Spanish Na-
tional Health System (NHS) of the use of Immu-
nobiogram in patients with kidney transplants, 
at least one year after the transplant, and in 
treatment with IMS.

METHODS

Patient population
We simulated the evolution of a cohort of 1,000 
hypothetical patients, at least one year after 
kidney transplantation and on maintenance 
treatment with IMS.

Time horizon
The simulation was conducted for a period of 5 
years. This was considered to be the time nee-
ded to capture all the modelled effects (graft 
failure, dialysis, re-transplantation, adverse 
events) according to the opinion of clinical ex-
perts.

Perspective of the study
In the base case, the study was conducted from 
the perspective of the NHS, so only direct heal-
th costs were considered. A sensitivity analysis 
was carried out, from the societal perspective, 
including the work costs linked to graft rejec-
tion.

Type of model and methodology
A cost and effects analyses were performed. A 
probabilistic model was made for the indica-
ted patient cohort, using a second-order Mon-
te Carlo simulation. The methodology used in 
this model has been previously described13-16. 
The model probabilities were adjusted to beta 
distributions and the costs to gamma distribu-
tions17-19.
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Structure of the model
Two scenarios were considered: (i) graft failure 
in high immunological risk (HR) patients (Figure 
1) and (ii) the occurrence of AE in stable (non-
HR) patients with possible adjustment of IMS 
doses (Figure 2). In the first scenario (Figure 1), 
at least one year after kidney transplantation, 
the patient with HR may or may not be resistant 
to IMS depending on the result obtained with 
the IMBG test. If resistance is detected, the dose 
or IMS selection may or may not be adjusted 

according to the result of the diagnostic test, 
and the graft may or may not fail. If this occurs, 
dialysis and/or re-transplantation would be re-
quired. The patient may die at any time during 
the simulation with or without rejection. In the 
second scenario (Figure 2), the non-HR patient 
may or may not be sensitive to IMS; if sensiti-
ve, there is the possibility of adjusting the IMS 
doses, so that in patients with adjustment the 
occurrence of AE would be reduced, and they 
could die during the simulation.

Figure 1

ESTIMATED IMPACT OF IMMUNOBIOGRAM® ON RENAL GRAFT FAILURE IN PATIENTS AT HIGH 
RISK OF REJECTION. (IMS: IMMUNOSUPPRESSIVE THERAPY)

Figure 2

ESTIMATED IMPACT OF IMMUNOBIOGRAM® ON THE ADVERSE EVENTS OF IMS THERAPY ON 
PATIENTS WITHOUT HIGH RISK OF REJECTION. (IMS: IMMUNOSUPPRESSIVE THERAPY)
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Premises of the model: probabilities
All assumptions in the model were validated 
by a panel of Spanish clinical experts with ex-
perience in transplant patient management 
(co-authors: CJM, JMP, MC). The percentage of 
patients with a resistance or sensitivity profile 
to IMS in the IMBG, of HR and non-HR patients, 
the probabilities of reducing the risk of graft 
failure, selecting the most effective IMS or ad-
justing the doses and reducing the rate of AE 
as a result of adjusting the dose in IMS-sensi-
tive patients, were obtained from the clinical 
study with Immunobiogram mentioned above 
(BH-Pilot)21 and from a systematic review of the 
literature and the tacrolimus data sheet10,20-26 
(Table 1).

Premises of the model: costs
For a 5-year time horizon, it was estimated that 
one test would be performed annually on pa-
tients with HR and only one test in total on non-
HR patients. The costs associated with graft fai-
lure (dialysis, re-transplantation), IMS therapy 
and management of IMS-related AEs were ob-
tained from Spanish sources9,13,27-38 (Table 2). All 

costs were adjusted for expected 5-year mor-
tality. We estimated the costs of the following 
AEs (the most frequent and of greatest clini-
cal relevance): malignant neoplasms, cytome-
galovirus infection, post-transplant diabetes, 
post-transplant hyperlipidaemia, anaemia, high 
blood pressure, cardiovascular events (peri-
pheral cardiac, cerebrovascular and vascular 
events)26,39 (Table 2). Indirect costs, due to lost 
working hours, were estimated from a previous-
ly published study40 (Table 2). All costs (expres-
sed in euros, €) were updated to 2019.

Premises of the model: utilities
Years of life and QALYs gained were calculated 
from published data41-43 (Table 3).

Sensitivity analyses
A probabilistic model was made, using a se-
cond-order Monte Carlo simulation. In addition, 
a deterministic sensitivity analysis was carried 
out from the social perspective. Using a conser-
vative approach, an analysis was not performed 
for time horizons greater than 5 years, due to 
the lack of reliable longer-term data.

Table 1

PROBABILITIES USED IN THE ECONOMIC MODEL
Item Value Sources
Proportion of population HR/non-HR 35%/65% 23
IMS-resistant HR patients 55% 21
IMS selection and IMS dose adjustment, according to the Immunobiogram result in HR 90% Expert panel
Risk of graft failure in HR (5 years) 19.1% 20
Prevention of failure if IMS is selected 50% Expert panel
Risk of graft failure in HR if IMS dose selection/adjustment (5 years) 10.5% Calculated*
Dialysis patients if the graft is not functional 100% Expert panel
Patients with renal re-transplantation 17% 10
Survival 5 years after the renal transplantation 88.9% 25
IMS sensitivity in non-HR/controlled patients 66% 21
Probability of dose adjustment in IMS-sensitive patients 30% Expert panel
AE risk reduction by adjusting the IMS dose 30% Expert panel
Probability of malignant neoplasms (5 years) 41.4% (24.8-68.1%) 24
Cytomegalovirus infection
Post-transplant diabetes
Post-transplant hyperlipidaemia
Anaemia
Arterial hypertension
Cardiovascular events

32.0%
24.0%
17.3%
23.6%
27.2%
21.8%

26
26
26
26
26
22

*Calculation: 19.1% x (1-0,45). AE: adverse events; HR: high immunological risk; non-HR: non-high immunological risk; 
IMS: immunosuppressive therapy.
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Table 3

LIFE EXPECTANCY AND UTILITIES CONSIDERED IN THE MODEL

Table 2

USE OF RESOURCES AND UNIT COSTS

Item Value Sources
Life expectancy (years)

General population 83.4 41
Kidney dialysis patient 62.4 42
Kidney transplant patient 68.4 42

Utilities
Functioning graft 0.712 ± 0.272 43
Haemodialysis 0.443 ± 0.317 43
Peritoneal dialysis 0.569 ± 0.329 43
Loss of utilities due to graft failure 0.248 ± 0.047 43

Item Value Sources
Use of resources

Immunobiogram test number in non-HR (5 years) 1 Biohope
Immunobiogram test number in HR (5 years) 5 Biohope
Consultation with the nephrologist for Immunobiogram 0 Expert panel
Haemodialysis / Peritoneal dialysis if graft failure 83%/17% 34
IMS usage rates
      Tacrolimus
      Everolimus
      Cyclosporine A
      Sirolimus
      Mycophenolate mofetil
      Azathioprine

84.3%
1.4%
4.5%
3.3%

69.6%
1.3%

36

Costs
Immunobiogram (1 test) €1,000 Biohope
Haemodialysis (per year) €46,211 9
Peritoneal dialysis (per year) €35,659.83 9
Renal re-transplantation €45,384.05 9
Average cost of IMS (5 years)* €10,481.13 (€5,122.95-16,107.85) 28,32 Calculated*
Average cost of malignant neoplasms (5 years) ** €6,897 (€3,117-14,013) 27,29,31,38,39 Calculated**
Other AE (adjusted for frequency) (5 years)
Cytomegalovirus infection
Post-transplant diabetes
Post-transplant hyperlipidaemia
Anaemia
Arterial hypertension
Cardiovascular events***

€1,995.04 (€1,596.04-2,394.05)
€490.02 (€392.02-661.62)
€206.83 (€165.47-278.46)

€97.24 (€82.68-111.79)
€425.75 (€340.60-842.32)

€2,313 (€1,851-2,776)

28
30,33

35
14
37
38

Indirect costs (due to loss of working hours) in kidney 
transplant patients
Indirect costs (due to loss of working hours) in patients 
with kidney dialysis

€5,688.48
(€4,622.24-6,753.60)

€7,332.64
(€6,414.24-8,249.92)

40

*Calculation according to the use rates and public prices; Average body weight (from 15 years of age): 70.5 kg32.
**Calculation according to the average cost (Groups related by diagnosis or unit costs) of the most frequent malignancies after 
kidney transplantation26,39: melanoma, basal cell carcinoma, squamous cell carcinoma, renal cell cancer, bladder cancer, breast 
cancer, colorectal cancer, uterine cancer, prostate cancer, leukaemia, lung cancer, lymphoma and myeloma.
***Average cost of cardiac, cerebrovascular and peripheral vascular events, according to their frequency in Mattos et al.22 
Abbreviations: AE: adverse events; HR: high immunological risk; non-HR: non-high immunological risk; IMS: immunosuppressive therapy.
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RESULTS

Cost analysis

Base case (NHS perspective)
It is estimated that the use of IMBG would lead, 
within 5 years, to a reduction in the risk of re-
nal graft failure in patients with HR from 19.1% 
to 10.5% (Table 1). At the same time, in non-HR 
patients, adjusting the dose of IMS in treat-
ment-sensitive patients would result in a re-
duction in the frequency of AE (Table 1).

Reducing the risk of renal graft failure would 
generate savings in the patient with HR of 
€20,263 (95% CI €17,520-23,678) and a probabili-
ty of savings with IMBG of 100% (savings would 
occur in the 1,000 patients of the hypothetical 
cohort analysed) (Table 4a).

The expected reduction with Immunobio-
gram in the AE rate would generate savings in 
non-HR patients of €1,409 (95% CI €41-3,316) 

with a probability of savings of 97.8% (Table 
4a).

Considering both subject populations with 
kidney transplants (HR and non-HR), with Im-
munobiogram the savings per patient would 
amount to €8,008 (95% CI €6,159-10,443) with a 
probability of savings of 100% (Table 4a).

Sensitivity analysis (Societal perspective)
Indirect costs per patient, associated with graft 
loss were €634.03 (95% CI €452.60, 850.50) (Table 
5). From the societal perspective, the savings 
per patient would be €8,230 (95% CI €6,317-
10,740) (Table 4b).

Health outcomes analysis
Compared with the option of not using IMBG, 0.5256 
(95% CI 0.3388, 0.7452) years of life would be gained 
in each patient evaluated with IMBG. Likewise, in 
each patient evaluated with IMBG, 0.0219 (95% CI 
0.0115; 0.0356) QALYs would be gained (Table 6).

Table 4

COSTS IMPACT RESULTS, PER PATIENT.

GRAFT FAILURE IMS DOSE ADJUSTMENTS & ADVERSE EVENTS TOTAL

Item WITH 
IMBG W/o IMBG Difference Item WITH IMBG W/o IMBG Difference Item WITH 

IMBG
W/o 

IMBG Difference

Mean 20,105 € 40,368 € -20,263 € Mean 21,501 € 22,911 € -1,409 € Mean 21,012 € 29,021 € -8,008 €
SD 7,459 € 8,844 €  - SD 5,513 € 6,293 € - SD 6,194 € 7,186 €  -

LL 95%CI 8,003 € 25,523 € -17,520 € LL 95%CI 12,574 € 12,615 € -41 € LL 95%CI 10,974 € 17,133 € -6,159 €
UL 95%CI 38,307 € 61,986 € -23,678 € UL 95%CI 33,408 € 36,723 € -3,316 € UL 95%CI 35,122 € 45,565 € -10,443 €

Saving probability:       100.0% Saving probability:       97.8% Saving probability:       100.0%

GRAFT FAILURE IMS DOSE ADJUSTMENTS & ADVERSE EVENTS TOTAL

Item WITH 
IMBG W/o IMBG Difference Item WITH IMBG W/o IMBG Difference Item WITH 

IMBG
W/o 

IMBG Difference

Mean 20,879 € 41,777 € -20,897 € Mean 21,501 € 22,911 € -1,409 € Mean 21,284 € 29,514 € -8,230 €
SD 7,585 € 9,072 € - SD 5,513 € 6,293 € - SD 6,238 € 7,266 € -

LL 95%CI 8,557 € 26,530 € -17,973 € LL 95%CI 12,574 € 12,615 € -41 € LL 95%CI 11,168 € 17,485 € -6,317 €
UL 95%CI 39,349 € 63,878 € -24,529 € UL 95%CI 33,408 € 36,723 € -3,316 € UL 95%CI 35,487 € 46,227 € -10,740 €

Saving probability:       100.0% Saving probability:       97.8% Saving probability:       100.0%

A) NHS perspective

B) Societal perspective

NHS: National Health System of Spain; SD: standard deviation; IMBG: Immunobiogram; IMS: immunosuppressive therapy; LL: lower limit; US: upper limit; 
95% CI: 95% confidence interval.
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DISCUSSION

According to the present economic model, the 
personalization of IMS therapy through the 
IMBG in vitro diagnostic test, at least one year 
after the kidney transplantation, could gene-
rate gain in years of life (0.5256) and QALYs 
(0.0219) in each patient evaluated with IMBG, 
and savings per patient of €8,008 over a 5-year 
time horizon. These savings would be obtained 
by reducing the risk of graft failure and the AEs 
associated with IMS; both factors would also 
determine the gain in life years and in QALYs. 
In the specific case of patients with HR of graft 

loss, the savings per patient would amount 
to €20,263. No other study similar to ours has 
been identified in renal transplantation. A sys-
tematic review on biomarkers in metastatic 
colorectal cancer has been published44. Ac-
cording to this study, the average savings per 
patient who underwent genotyping amounted 
to $272.3444,45.This figure serves to determine 
the relevance of the savings obtained in our 
model.

In assessing these results, we must first con-
sider that it is a theoretical model, which is, by 
definition, a simplified simulation of reality. In 
this respect, as is usual in models, probabili-
ties, costs and utilities had to be assumed from 
different sources. However, the main limitation 
of the study is that only preliminary results on 
the clinical performance of the IMBG are avai-
lable11, therefore, the results of this analysis 
should be considered preliminary, pending the 
final results of the TRANSBIO study46.

Regarding the strengths of the model, the 
estimation of the use of resources was made 
by a panel of Spanish clinical experts and the 
unit costs were obtained from Spanish sour-
ces, which justifies the applicability of the re-
sults to the Spanish healthcare environment. 
On the other hand, to attempt to minimise the 
limitations of the model, Monte Carlo simula-
tions were carried out, obtaining probabilities 
of savings of 100%, or close to 100%, which 
denotes the stability of the model for the as-
sumptions taken.

CONCLUSIONS

According to the economic model, the use of 
the immunobiogram, at least one year after 
the kidney transplantation, could facilitate the 
adjustment of the IMS treatment according to 
the patient’s immune response profile, and 
would reduce the risk of graft failure and ad-
verse events associated with IMS, leading to 
gain in years of life and QALYs, as well as with 
considerable savings for the Spanish NHS.

The preliminary results of this model should 
be confirmed when the final results of the 
TRANSBIO study are available. n

Table 5

INDIRECT COSTS PER PATIENT DERIVED FROM 
GRAFT REJECTION.

Table 6

LIFE YEARS AND QALYS GAINED WITH IMBG, PER PATIENT.

Item WITH IMBG W/o IMBG Difference

Mean 774.89 € 1,408.92 € -634.03 €
SD 125.87 € 228.75 € - 

LL 95%CI 554.76 € 1,007.36 € -452.60 €
UL 95%CI 1,041.56 € 1,892.07 € -850.50 €

Saving probability:       100%

Item Life years QALYs

Life years 
lost

WITHOUT
IMBG

Life years 
lost

WITH
IMBG

Life years 
gained 
WITH 
IMBG

QALYs 
lost

WITHOUT
IMBG

QALYs 
lost

WITH
IMBG

QALYs 
gained 
WITH 
IMBG

Mean 1.1680 0.6424 0.5256 0.0488 0.0268 0.0219

SD 0.2321 0.1277 - 0.0138 0.0076 -

LL 95%CI 0.7542 0.4154 0.3388 0.0255 0.0141 0.0115

UL 95%CI 1.6578 0.9126 0.7452 0.0792 0.0436 0.0356

SD: standard deviation; IMBG: Immunobiogram; LL: lower 
limit; US: upper limit; 95% CI: 95% confidence interval.

SD: standard deviation; IMBG: Immunobiogram; LL: lower limit; QALYs: quality-adjusted 
life years; US: upper limit; 95% CI: 95% confidence interval.
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