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Progress in immunosuppressive drug monitoring

Introduction

Immunosuppressive drugs (ISDs) are mainly used to 

protect organ function after human organ transplantation 

by exerting a suppressive action on the immune system. 

In this way, Cyclosporine A (CsA) and Tacrolimus (TAC) 

are calcineurin inhibitors that bind to immunophilins 

and block the effects of calcineurin. Everolimus (EVE) 

and Sirolimus (SIR) are mammalian target of rapamycin 

(mTOR) inhibitors that inhibit the activation of T cells and 

B cells by reducing the production of interleukin‐2 (IL‐2).  

Mycophenolic acid (MPA) reversibly inhibits inosine 

monophosphate dehydrogenase, which is involved 

in guanine monophosphate synthesis in de novo 

purine synthesis; in particular this results in the 

inhibition of the proliferation of B and T lymphocytes1.  

Finally, there are drugs that modulate immune responses 

by other molecular mechanisms that provide a wide range 

of treatment options after solid organ transplant (e.g. 

corticosteroids, antimetabolite/antiproliferative agents, 

costimulatory blocker and polyclonal and monoclonal 

antibodies against T lymphocyte cell surface antigens)2. 

Current immunosuppressive therapies consist of a 

combination of at least two drugs, depending on the type 

of transplantation, to enable a lower dose of each drug to 

be administered. Additionally, ISDs can be used to treat 

autoimmune diseases and non-autoimmune inflammatory 

diseases. As an example: Tacrolimus has been described 

as an efficient therapy for lupus nephritis with a low risk of 

serious infections3. 

Several analytical methods have been described 

to monitor the efficiency of immunosuppressive  

drugs, including immunoassays and chromato-

graphic methods. Nevertheless, they all have 

some limitations that are discussed in this 

white paper. The Thermo Scientific™ Cascadion™ 

SM Clinical Analyzer aims to overcome these 

limitations and deliver the accuracy of LC-MS/MS 

technology with the convenience of automation 

to give a rapid result for enhanced patient care.



Testing methods

There are several immunoassays available for the 

therapeutic drug monitoring of ISDs. Although 

immunoassays are widely used for therapeutic drug  

monitoring of various ISDs, due to their high degree 

of automation and 24/7 useability, major limitations 

include their potential for cross-reactivities with various 

metabolites of the parent drug7 and lot-to-lot variabilities.  

Some ISDs, such as cyclosporine, have more than 20 

inactive metabolites, which can make it difficult for the 

antibody used in an immunoassay to recognize only the 

parent drug without any metabolite cross-reactivity. These 

limitations in immunoassay method specificity can produce 

results that are from 20 to 60% higher than those obtained 

by chromatographic techniques8. Finally, in instances 

where co-administration of immunosuppressive drugs 

takes place, immunoassays need to be run separately. 

In addition to immunoassays, high-performance liquid 

chromatography combined with ultraviolet detection 

(HPLC-UV) is another well-developed technology for 

therapeutic drug monitoring of certain ISDs. However, 

HPLC-UV often requires extensive sample preparation 

due to the limited specificity of the detection mode and 

the poor ultraviolet absorbance of some compounds, 

especially for TAC. For this reason, liquid chromatography 

combined with mass spectrometry (LC–MS) or tandem 

mass spectrometry (LC–MS/MS) is considered as the 

gold standard for therapeutic drug monitoring of ISDs2. 

LC-MS/MS technology provides several 

advantages compared to immunoassays 

and HPLC-UV methods9 :

• LC-MS/MS technology has an increased specificity, due 

to the high analytical resolution and direct measurement 

of molecular weight (m/z), the single reaction monitoring 

method (SRM) and the use of several quadrupoles to 

fragment and filter molecules. 

• LC-MS/MS technology compensates for interferences 

and matrix effects by using stable isotope labelled 

compounds as internal standards, which is not possible 

with immunoassay methods. LC-MS/MS technology 

also limits interferences with endogenous compounds 

observed in immunoassays testing such as biotin, 

heterophilic antibodies or bilirubin. 

• LC-MS/MS technology enables flexible method 

development. 

Drug monitoring

The monitoring of immunosuppressive drugs (except for 

corticosteroids, azathioprine, and cyclophosphamide) 

after organ transplantation is strongly recommended for 

several reasons. Overdosing drugs lead to severe adverse 

or toxic effects (e.g. nephrotoxicity and hepatotocixity), 

whilst a low blood concentration can cause acute 

or chronic graft rejection, which results in a narrow 

therapeutic index for these drugs. Another characteristic 

of immunosuppressive drugs is the high degree of inter-

individual differences in bioavailability. Pharmacokinetic 

differences in absorption, distribution, metabolism and 

elimination (ADME) have to be considered, because they 

can be influenced by gender, age, genetic polymorphisms 

and renal or biliary insufficiency of the individual patient4.  

Drug interactions and inflammation can also influence 

pharmacokinetics. For example, antiepileptic drugs 

can reduce the blood concentration of ISDs, whereas 

conversely, antifungal and macrolides can increase it. 

Immunosuppressive drug interactions require prompt 

action such as identification and intensified therapeutic 

drug monitoring with adequate dosing responses5. 

Finally, initiation and maintenance concentrations of an 

immunosuppressive drug are dependent on the organ 

transplanted. 

Several analytical methods have been 

described to monitor ISD efficiency 

in transplant patients. These include 

biomarkers, immunoassays and 

chromatographic methods. 

To identify alloimmune risk prior to transplantation, genetic 

biomarkers such as HLA-DR/DQ eplet mismatch or 

CYP3A5-gene mutations, have the potential for a broad 

impact in clinical practice and drug development. These 

molecular biomarkers can be useful in clinical decision 

making for organ allocation, selection of induction and 

maintenance of ISDs, and to individualize patient care. 

In drug development, these biomarkers facilitate patient 

stratification and enrichment strategies that streamline 

clinical trial design. Additionally, early post-transplant 

biomarkers (e.g. Kidney Injury Test or Gene Expression 

Profile) may give pharmacodynamic/response, diagnostic, 

prognostic or predictive indications. Late post-transplant 

biomarkers (e.g. B-Cell Profile or change in eGFR) may 

identify patients with lower immunologic risk who could 

benefit from lower ISD concentrations6.
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Standardization

The impact of laboratory practices on interlaboratory  

variability in therapeutic drug monitoring of 

immunosuppressive drugs has been evaluated by Uwe 

Christians and collaborators10. 

Based on a survey completed in 2013 by 76 laboratories in 

14 countries, the authors concluded there are three main 

reasons for interlaboratory variability that may impact the 

integrity and utility of results9:

1. Lack of standardization of laboratory procedures 

and workflows starting with sample collection and 

handling. This includes sample storage conditions, 

time from sample collection and analysis, temperature 

control and pH adjustment during LC-MS/MS analysis. 

2. Lack of use of appropriate reference materials such 

as stable isotope-labelled internal standards for liquid 

chromatography–tandem mass spectroscopy. 

3. Poor compliance with internationally accepted good 

laboratory practice guidelines related to quality 

control, quality assurance, validation, and training of 

personnel. 

Inter-laboratory variability may also be introduced through 

the use of a wide range of techniques and equipment 

including chromatography columns, calibrators, and 

internal standards. This variability has the potential 

to impact results with serious consequences to  

patient care11.

• It is possible with LC-MS/MS technology to perform 

multi-drug analyses on a single sample which is 

important when ISDs are used concomitantly. Moreover, 

it is possible to screen for several products at the same 

time when profiling drugs. 

• LC-MS/MS technology offers a higher sensitivity and 

lower limits of quantification compared to immunoassays, 

allowing detection of small amounts of analyte or 

requiring less sample volume9.

Typical LC-MS/MS methods do have however some limits 

that are important to take into account in therapeutic drug 

monitoring. LC- and MS components generally present a 

higher complexity than automated analyzers and require a 

high level of knowledge and experience. Highly specialized 

laboratory experts are required for method development, 

implementation, management and result interpretation. 

In addition, there are numerous workflow steps when 

combining LC- and MS components into a clinical system. 

From the sample arrival to the result reported in the LIS, 

there can be up to 14 steps, many of which are either 

manual or at best semi-automated, requiring significant 

lab time and exhibiting potential for errors. This can result 

in long turnaround times which are not suitable for clinical 

care. Finally, there is no procedural standardization for 

laboratory developed workflows resulting in significant 

interlaboratory variability9.

Clinical laboratory 

professional inserting 

reagents on the

Cascadion SM Clinical 

Analyzer
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The Cascadion SM Immunosuppressant Panel 

offering is unique within the IVD market offering full 

automation combined with gold standard LC-MS/MS 

technology, providing unprecedented precision and 

accuracy. The random-access capability, with direct 

sampling from whole blood collection tube make the 

assay an easy to use and standardized solution for 

clinical laboratories and allows to give an accurate 

and rapid result for enhanced patient care.

Progress in methodology, 

automation & standardization

In 2016, a market research study commissioned by 

Thermo Fisher Scientific was conducted to understand 

the evolving needs and trends of the clinical laboratories. 

The study showed that providing high-quality results in 

a short time while ensuring regulatory compliance is an 

over-arching daily objective in laboratories12. 

Thermo Fisher Scientific has developed the 

Cascadion SM Clinical Analyzer, a clinical analyzer 

with LC-MS/MS technology that is accurate, easy 

to use and designed for the clinical laboratory.  

The Cascadion SM Clinical Analyzer represents a new 

class of fully automated, random access systems utilizing 

LC-MS/MS technology with dedicated Cascadion SM 

assay kits. The Cascadion Analyzer integrates and 

automates sample preparation, liquid chromatography and 

tandem mass spectrometry, to directly measure analytes 

with enhanced accuracy, specificity and productivity.  

With dual LC channels, a throughput of up to 23 samples/

hour can be achieved for ISDs and the first result is 

delivered in approximately 30 minutes. 

The Cascadion SM Analyzer and Assays deliver an 

easy-to-use complete solution that can be operated by 

all trained laboratory personnel, without the need for 

any specialized LC-MS knowledge or experience. The 

Cascadion Analyzer uses internal standards and traceable 

calibrators and controls for accurate results comparable 

over time and across analyzers and laboratories.

The CE IVD marked Cascadion SM Immunosuppressants 

Panel is a single assay panel for the simultaneous testing 

of Cyclosporin A, Everolimus, Sirolimus and Tacrolimus 

from one human whole blood (EDTA K2) sample aspiration 

with no manual sample preparation. 

Conclusion
Therapeutic drug monitoring for ISDs requires 

a highly sensitive and specific assay to provide 

the accuracy needed for patient care. The CE IVD 

marked Cascadion SM Clinical Analyzer and Im-

munosuppressant Panel deliver a fully automat-

ed clinical analyzer combined with gold standard 

LC-MS/MS technology for unprecedented ease 

of use and accuracy.


