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Abstract

Background: The adjustment of immunosuppressive therapy after kidney transplantation (KT) to avoid graft rejection remains an important challenge for clinicians. It
is difficult to achieve a good balance between under-immunosuppression (with an increased risk of graft rejection) and over-immunosuppression (with an increased risk
of side effects) by only relying on the available information about immunosuppressive drugs (IMS).

Immunobiogram® (IMBG) is a novel in vitro diagnostic test that provides clinicians with information about the patient’s sensitivity to individual IMS.

Objective: To present a case report of a patient with renal transplant in the maintenance phase who presented several complications probably related to the
immunosuppression during the follow-up, where the use of IMBG as complementary information helped clinicians to guide the therapeutical decision.

Methods: IMBG is a first-in-class in vitro immunoassay that involves the culture of the patient peripheral blood mononuclear cells (PBMCs) in a semi-solid 3D matrix,
then submitted to immune stimulation. It reveals the capacity of an IMS over a gradient to inhibit the activation of immune cells. The read-out allows the building of a dose-
response curve per IMS tested, which is mathematically analyzed by a software using the key curve parameters and finally to be translated into a sensitivity map to IMS.

Findings: We present a case report of a 72-year-old patient with a cadaveric donor kidney transplant receiving standard immunosuppressive treatment with
mycophenolate, tacrolimus, and corticosteroids. The patient presented several episodes of infections during the follow-up (SARS-CoV2, Cytomegalovirus, spondylodisquitis
by Staphylococcus aureus, and emphysematous cystitis) which were managed with different treatment adjustments such as de-escalation of mycophenolate and switching
to mTOR. The information provided by the IMBG showed a lack of sensitivity to mTOR which allowed to confirm the final adjustment to a treatment with tacrolimus and
corticosteroids, remaining the patient stable since then.

Discussion: Despite various adjustments to the immunosuppressive therapy during the follow-up, the patient continued experiencing adverse effects that could be
related to an over-immunosuppression state. The IMBG provided pharmacodynamic information that complemented the clinical and pharmacokinetic data available,
facilitating the individualization of the treatment.

Conclusion: The case highlights the potential of the IMBG as a complementary clinical tool for personalized treatment of kidney transplant patient management.

Introduction The immunosuppressive treatment in KT patients is based

on a combination of immunosuppressive drugs (IMS) with

One of the main challenges that clinicians face during different mechanisms of action. In clinical practice, treatment

kidney transplantation (KT) follow-up is to accurately balance is adjusted empirically by clinicians following clinical

the risk of graft rejection while minimizing the incidence of guidelines, based on the patient’s rejection-risk profile and

side effects related to immunosuppressive therapy, such as time since transplant and taking into account the incidence of
opportunistic infections or cancer [1]. adverse events related to immunosuppression [2].
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When clinicians have to tailor immunosuppression
during the patients” post-transplant management, they
have information about IMS plasma levels but not about the
individual patient response to the different drugs available
for the treatment. Therefore, there is an unmet need for
pharmacodynamic biomarkers to help guide treatment choices
and dosages [3].

IMBG is a novel in vitro diagnostic (IVD) that provides
clinicians with valuable, complementary information about the
patient’s response to individual immunosuppressive drugs.

Here we present a case of a 72-year-old male patient
with End Stage Renal Disease (ESRD), who received a renal
transplant and presented several complications related to
the immunosuppression regime during the follow-up. The
IMBG test was carried out to complement the clinical and
pharmacokinetic information of the patient.

Case description

A 72-year-old male patient with ESRD secondary to
chronic tubulointerstitial nephropathy received in September
2017 a kidney cadaveric transplant 5/6 ABDRDQ HLA
mismatch. He received basiliximab induction and maintenance
immunosuppression with tacrolimus, mycophenolate mofetil
(MMF), and prednisone. The patient continued in the same
immunosuppressive regimen until July 2022 when he presented
a SARS-CoV2 infection. At this point, an impairment in kidney
function was observed, and an acute rejection was suspected, so
intravenous methylprednisolone bolus was administered. Some
days later, Cytomegalovirus (CMV) replication was detected
and MMF was withdrawn until the infection was controlled. He
was discharged from the hospital with an immunosuppressive
regimen of tacrolimus (serum levels 5.4 ng/ml), MMF 500 mg
every 12 hours, and prednisone 5 mg per day.

In October 2022 the patient was admitted to the hospital
due to a CMV infection-related digestive hemorrhage. During
admission, a solid soft tissue tumor of lipomatous lineage was
also detected located in the extension compartment of the
elbow and proximal forearm. It was decided to modify his IMS
regimen making a switch from MMEF to mTOR (everolimus), but
nevertheless maintaining a triple-drug scheme. At discharge,
tacrolimus and everolimus serum levels were 6.9 ng/ml and 4.1
ng/ml and he was maintained with prednisone 5 mg per day.

The patient presented further complications in December
2022, namely a spondylodiscitis L4-L5 secondary to
Staphylococcus aureus and an emphysematous cystitis.

Regarding kidney function, the patient presented plasma
creatinine levels of 2.6 mg/dl, creatinine clearance at 23 ml/
min, and proteinuria of 1.5 g per day, which increased to almost
nephrotic range following initiation of everolimus treatment.

Based on both, the observed multiple infectious and
neoformations development, we suspected an over-
immunosuppressive status. To evaluate IMS sensitivity to the
prescribed drugs an IMBG was performed and everolimus was
withdrawn.

IMBG is a novel in vitro diagnostic (IVD) tool developed and
manufactured by the company Biohope Scientific Solutions
for Human Health SL, based in Spain. It provides clinicians
with pharmacodynamic information on the in vitro sensitivity
to individual IMS in renal transplant patients during the
maintenance phase [4].

The IMBG test is performed on isolated peripheral
mononucleare cells (PBMC) from a simple, standard blood
venous sample. It allows a semi-quantitative determination
of the metabolic activity of mononuclear peripheral blood
cells in response to authorized immunosuppressive drugs.
The product consists of a fluorescence assay on lymphocytes
from peripheral blood samples and a software that analyses,
processes, and interprets the results, giving information on
drug sensitivity [4].

IMBG is based on a 3D-cell culture assay where PBMCs are
embedded in a semi-solid matrix and loaded in the longitudinal
channels of a plate. At the end of each channel, there is a disk
preloaded with a predetermined and constant concentration of
each immunosuppressant tested. The IMBG assay is designed
to simultaneously test the following IMS: mycophenolic acid,
tacrolimus, methylprednisolone, sirolimus, and everolimus.
The immunosuppressant diffuses along the channel and inhibits
the activation/proliferation of T lymphocytes according to the
level of sensitivity of each patient to the immunosuppressant.
Using a fluorometer validated for diagnosis and a vital probe,
the metabolic and proliferative activity of the PBMCs of the
patients exposed to the battery of drugs is analysed in relation
to two controls: a positive activation control (stimulated PBMCs
not exposed to IMS) and a blank control. The fluorescence signal
is measured at 15 points (raw data) along the channel for each
immunosuppressant. The data is processed and interpreted by
a specific software that calculates the parameters that describe
the dose/response curves on the panel of IMS tested for each
patient and qualifies their sensitivity profile to each IMS [4].

The IMS doses used in vitro in the IMBG are not comparable
to physiological doses. The IMBG collects pharmacodynamic
information on the patient’s response to each IMS in vitro,
and this response has been found to be associated with clinical
outcomes [5]. It does not provide information on the effect
of the dose taken by the patient. What has been observed is
that the pharmacodynamic effect of the IMS on immune cells
changes along the in vitro concentration gradient.

A z-score for each IMS is calculated based on the mean and
standard deviations of the dose-response curve parameters
obtained for each drug when compared to a reference population
of renal transplant patients in the maintenance phase. The
reference population included a wide range of patients over 18
years old. The results are plotted in a z-score box indicating the
patient’s relative sensitivity to each IMS by means of standard
deviations (SD) in relation to the reference population [6].

These results offer a clear map of the level of sensitivity
of the patient’s immune cells to the five IMS tested. A z-score
value of 0 indicates no deviation from the average response
observed in a representative sample of renal transplant
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recipients. Values below or above 0 indicate how the patient
deviates from the normal distribution of the population mean.
Therefore, a positive z-score value indicates higher sensitivity
of the patient’s immune cells to the drug compared to the
population mean. While a negative z-score value indicates
lower sensitivity to the drug compared to the population mean

[6].
The IMBG results for this patient are shown in the Table 1.

For this case report the results obtained indicated a very
close to average sensitivity to the drugs mycophenolate,
tacrolimus, and steroids, and a clear well below average
sensitivity for everolimus (z-score = -1.6 SD).

The IMBG readout indicated that, on the one hand, the use
of everolimus (z-score negative -1.6) was likely, not efficacious
and could potentially be the source of the observed adverse
events and, on the other hand, that the main contribution
to protection against rejection was from tacrolimus and
prednisone. Therefore, a dual IMS regime based on tacrolimus
and prednisone could be a better choice for this patient.

Currently, the patient is maintained under tacrolimus and
prednisone. He has not presented new opportunistic infections,
his kidney function is stable, and proteinuria has decreased.

Discussion

Immunosuppressive drugs are widely used to prevent
rejection in organ transplant recipients. However, the clinical
efficacy of immunosuppressants varies considerably between
individuals.

Table 1: Immunobiogram report. Map of the sensitivity determined to individual IMS.

In this case, despite various adjustments to the
immunosuppressive therapy during the follow-up, the patient
continued experiencing adverse effects that could be related to
an over-immunosuppression state. The IMBG pattern of this
patient showed a low sensitivity to everolimus. We hypothesize
that the mTOR inhibitor drug may be adding adverse events,
while not contributing as much as tacrolimus or prednisone
to prevent rejection. Thus, it was conceivable to give a try to
a dual immunosuppressive regimen based on tacrolimus and
prednisone.

Previous studies have described the use of PBMC functional
assays to evaluate the individual pharmacodynamics in renal
transplant patients receiving immunosuppressive therapy,
but they do not allow to test simultaneously the patient’s
sensitivity to a battery of immunosuppressants and they are
not available for use in clinical practice [7,8].

Some molecular biomarkers can estimate the probability
of graft rejection (e.g. donor-derived cell-free DNA, RNA in
blood and urine, gene expression assays). Others can assess
the patient’s global immunosuppression status (e.g. ELISPOT,
Immuknow). However, there is a lack of biomarkers that
predict the pharmacodynamic response to specific drugs in
routine clinical practice [9].

IMBG is intended to fulfill the unmet clinical need for
effective diagnostic tools that can help clinicians tailor
immunosuppression therapy to the sensitivity profile of the
individual patient. Therefore, IMBG can provide clinicians
with valuable information on a given patient’s likely response
to a range of immunosuppressants, based on which they
can evaluate dose adjustments of the patient’s current
immunosuppressant regimen or alternative treatment options.

IMMUNOEBIOGRAM

CURRENTLY PRESCRIBED IMMUNOSUPPRESSANTS

Mycophenolate Tacrolimus Steroids Sirolimus Everolimus
NO YES YES NO YES
RESULTS
SENSITIVITY TO INDIVIDUAL IMMUNOSUPPRESSANTS
RT3 Mycophenolate Tacrolimus Steroids Sirolimus Everolimus
3
2
1
—_— 0,6
o —_0,2 0.1
o —_—-0,7
—_—-1,6
-2
-3

007
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Conclusions

Improvement of patient outcomes in renal transplantation
depends on the development of new tools and strategies to help
physicians personalize immunosuppressive therapy with the
goal of preventing graft rejection, decreasing adverse events
related to immunosuppression, and extending patient survival.

The Immunobiogram test can provide clinicians with key,
relevant information about the patient’s response to individual
immunosuppressive drugs.

The case presented highlights the potential of the
Immunobiogram as a complementary clinical tool for
personalized treatment of kidney transplant patients’
management.
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