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Introduction 

Currently dogs treated with immune suppressive drugs are monitored with a 

combination of response to treatment as well as monitoring for adverse effects as 

outlined in the handout “Immune suppressive drugs: Do we need more than 

prednisolone”.  

Newer tests are being developed to assess the immune suppressive effects of 

cyclosporine and other drugs. Such strategies have the potential to be used to finely 

tune the amount of drug that is needed to achieve individualized immune-suppression.  

The following assays will be discussed: Therapeutic drug monitoring and 

pharmacodynamic assays. 

 

Therapeutic drug monitoring (TDM) 

TDM consists in measuring a drug concentration in plasma, serum or blood. TDM can 

be considered in the following instances:  

- A drug has narrow target range 
- The drug pharmacokinetic is very variable between animals 
- A relationship exists between the drug concentration and clinical effects 
- Target concentration range is established 
- A cost-effective drug assay is available 

 

TDM can be very useful if the intra-vascular concentration is correlated to the 

concentration at the site of action. For example, cyclosporine accumulates in the skin, 

for this reason the concentration in the blood will be less than in the skin. For this 

reason, TDM might not be as useful if cyclosporine is used in a dog for atopic 

dermatitis. However, it will be more relevant if used for an animal with immune-

mediated haemolytic anaemia. 

TDM does not mean only measuring a drug concentration, but also to interpret the 

result clinically. To achieve that, the clinical condition of the animal is needed as well as 

information on drug history and sampling time. For this reason, discussion with the 

laboratory staff can be necessary to obtain a comprehensive interpretation.  

TDM can be considered in the following scenarios: 

1. At the start of treatment in animal responding clinically. This can be used as a 
baseline (steady-state). This can be very helpful at a later stage for comparison 
if an animal stops responding. 

2. As a follow-up after a dose change to re-assess the steady-state 
concentration. This can be used for example to monitor a dog after changing 
the cyclosporine brand used (e.g. Atopica to a generic). 
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3. If an animal shows clinical signs that could indicate drug toxicity. 
4. In treatment failure: In an animal not responding to initial treatment or where 

control of the disease is lost over time. 
 

Cyclosporine TDM 

Monitoring cyclosporine concentration is technically challenging and results are very 

dependent on the methodology used (high-performance liquid chromatography versus 

use of antibodies). Another complicating factor is that there are very few studies 

correlating cyclosporine concentration and immune-suppression. Most of the 

information available comes from experimental data using cyclosporine in dogs to 

prevent renal rejection after transplantation. 

As a large portion of cyclosporine is in red blood cells; whole blood should be 

submitted for cyclosporine TDM. As mentioned, one laboratory recommendations are 

dependent on the assay used and cannot be generalized to other laboratories. As an 

example, the current recommendations from the clinical pharmacology laboratory of the 

Auburn University are outlined below: 

- For immune-mediated disease, dosing is recommended at q12h intervals to 
achieve adequate suppression. A trough concentration of 400 to 600ng/ml (prior 
to the next dose or 12 hours) or a peak concentration (2 hours after dosing) of 
800 to 1,400ng/ml is recommended. 

- For chronic inflammatory disorders, a trough concentration of 250ng/ml is 
recommended or 100 to 600ng/ml (the high end is the target at induction and 
the lower end during maintenance). 

 

Cyclosporine concentration can be measured within a week of new dosing regimen, but 

can also be measured if another drug is added that changes the half-life of 

cyclosporine (e.g. ketoconazole). Aggressive monitoring at peak and through can be 

helpful in animals with severe disease (e.g. pure red cell aplasia, transfusion 

dependent immune-mediated haemolytic anaemia) to optimize treatment in a timely 

manner. Monitoring can be considered weekly while adjusting cyclosporine dosage and 

then monthly once steady state has been reached for the first few months 

Leflunomide TDM 

Leflunomide is a prodrug that is converted to teriflunomide (active metabolite). There is 

a lack of studies in vivo in dogs and cats, but in vitro data and Auburn laboratory data 

suggests that responders have trough concentration between 5-45mcg/ml. A trough 

sample is recommended within 5 to 7 days of a dose change if TDM is deemed 

necessary.  

 

Pharmacodynamic monitoring (PD) 

TDM is especially useful if a drug has a narrow target range to avoid toxicity or if there 

is a clear relationship between drug concentration and clinical effect. PD monitoring on 

the other hand is assessing the effect of the drug rather than its concentration. 
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Cyclosporine mechanism of action is by inhibition of IL-2 production by lymphocytes. 

The pharmacodynamic lab has developed an assay to measure IL-2 production in vivo 

using a PCR-based assay.  

In depth studies of the pharmacodynamic of cyclosporine in healthy dogs has been 

performed during validation of this assay and have shown that: 

- The effect of a given dosage of cyclosporine can be very different from one 
dog to the other 

- High cyclosporine dosage (5-10mg/kg q12h) is often necessary to reliably 
achieve immune-suppression. 

 

The test can be performed within a week of starting a high dose of cyclosporine, 

especially in critical animals. This enable the clinician to rapidly determine if the dosage 

is adequate for a given dog. A peak sample (2 hours post-pill) is used in dogs received 

cyclosporine twice a day. 

Testing can also be considered in an animal treated with cyclosporine that is not 

responding adequately clinically to rule out under-dosage as a cause for the poor 

response. 

 

Conclusion 

New methods are being developed to monitor dogs on immune-suppressive drugs. 

Although few veterinary laboratories offer this service (currently none in Australia), 

these tests are likely to become more widely available in the future. This is a first step 

towards personalized veterinary medicine. 
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