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Introduction 
 
Prednisolone is a very effective immune suppressive drug, with rapid onset of action at 
an attractive price. However, the effect of corticosteroids is not specific to the immune 
system and for this reason several adverse effects can be seen. This is especially an 
important consideration when treating diseases for which immune suppression is 
expected to be needed for several months to achieve a durable clinical response. 
 
For this reason, several other immune suppressive drugs have been used commonly in 
conjunction with steroids such as azathioprine, cyclosporine, and chlorambucil as 
steroid sparing drugs. Chlorambucil and cyclosporine can also be used as sole agent in 
animals where prednisolone is contra-indicated: for example, to treat a cat that has 
developed diabetes while treated with steroids. 
  
We will get more familiar with newer immune suppressive drugs such as 
mycophenolate and leflunomide. At the end of this discussion, you should feel 
comfortable to use these drugs in your busy every day caseload.  

Some common drugs dosages are listed in table 1. However, these should be used as 
guidelines only as the exact dosage can vary greatly depending on the individual 
animal and the condition treated.  

Animals on any immune-suppressive drugs should be monitored both for control of 
their disease (to ensure improvement with the treatment) and for secondary infections.  

 
Commonly used immunosuppressive drugs 

Glucocorticoids such as prednisolone are often used as the first line treatment as 
their onset of effect is very rapid and they are relatively cheap. However, they cause 
many side effects that can be a worry for the owner - such as polydipsia (PD), polyuria 
(PU), polyphagia (PP), and lethargy. Budesonide is a corticosteroid with local effect in 
the gut which can be used for steroid-responsive diarrhoea with less systemic side 
effects than other steroids. However, some absorption and systemic side effects are 
also seen with this drug.  

Because steroids have many side effects, which are not only dose dependent but also 
time dependent (low doses of prednisolone over time can have as much side effect as 
a high dose for a short period), they are often combined with other immunosuppressive 
agents to enable a faster decrease in the steroid dosage. Azathioprine is commonly 
used to this effect in dogs and chlorambucil in cats. 

Other drugs will be used as single agents or combined agents depending on the 
disease and veterinarian preference. There is currently very little literature to support 
one type of immune-suppressive drugs over the other and it becomes a clinician’s 
preference. Cyclosporine is frequently used especially in dermatological conditions. 
Leflunomide and mycophenolate are seldom used as a first-line treatment, but rather 
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in non-responsive cases. Table 1 summarises the information about commonly used 
drugs. 

 

Prednisolone and other glucocorticoids 

As mentioned earlier, glucocorticoids are the most commonly used for treatment of 
immune-mediated disease because of rapid onset of action, effectiveness, and 
affordability.  

Effect – Glucocorticoids have effects on most cell types and organs including 
immunosuppressive effects, hormonal effects (iatrogenic hyperadrenocorticism), insulin 
resistance, increased fluid retention, metabolic effects (hyperglycaemia, 
hypercholesterolaemia, redistribution of fat tissue) …. This is the reason for the 
numerous side-effects associated with their use. Other effects that are evident for the 
owners include increased urination, thirst, and appetite. 

Dose - The effect of prednisolone depends on the concentration used. Physiological 
dosage is between 0.3 to 0.5 mg/kg/day, anti-inflammatory dose between 0.5 and 1 
mg/kg/day, and immunosuppressive dose over 1 mg/kg/day.  
Dosages up to 4 mg/kg/day of prednisolone have been used to achieve 
immunosuppression. However, such high doses are likely to cause worse side effects 
with little more suppression of the immune system than 2 mg/kg/day doses and should 
be discouraged. This is especially true in large breed dogs, which are much more 
sensitive to glucocorticoids than little breeds. Cats show usually less side effects than 
dogs. Different glucocorticoids also have different potencies: if prednisolone potency is 
defined as 1, methylprednisolone has a potency of 1.25, and dexamethasone is 7 to 10 
times more potent. Accordingly, doses should be reduced when using alternative drugs 
(e.g. a 10 kg dog started on an immunosuppressive dose of prednisolone of 20mg/day 
would have the same degree of immunosuppression with a dose of dexamethasone of 
3mg). 

Side effects – because glucocorticoids affect most body systems, they also have 
numerous adverse effects. Side effects depend on the type of steroid used, the 
dosage, and the duration. These can be divided in short-term and long-term side-
effects and are listed in table 2. Although lowering the dose reduces the side effects, 
animals on chronic treatment with low dose of steroids are still at risk of developing the 
same symptoms. 

Information for the owner – Owners should be made aware of the side effects to 
expect. Most dogs will develop polyphagia, polydipsia, and polyuria. The latter can be 
especially a problem if the animal develops urinary incontinence due to weakness of 
the bladder sphincter or need to go frequently outside to urinate. Water intake should 
not be reduced as the animal is primarily polyuric.  

On the other hand the polyphagia is centrally-mediated and feeding should not be 
increased to prevent obesity and worsening of lethargy and weakness. Hunger can 
promote food scavenging, and in some cases feeding the normal amount of calories 
but with a higher fibre (weight control) food in smaller meals or bulking the food with 
low-calorie vegetables can help. If the PU/PD is persistent and not improving with 
reduction of the steroid dose, urinalysis and culture are warranted to ensure that the 
animal does not develop diabetes mellitus secondary to insulin resistance from the 
treatment with glucocorticoids or a pyelonephritis secondary to the immunosuppression 
and loss of urine concentration ability. Silent lower urinary tract infections (without the 
usual signs) are also common. Panting will often be noted by the owners and they 
should be made aware of its occurrence, but typically does not require any action. 
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Owners need to be aware that muscle wastage, weakness and a pot-bellied 
appearance are common side effects.  

Gastro-intestinal bleeding can also develop and be life-threatening. The owner should 
seek immediately advice if the animal’s appetite is dropping. The same is true if 
haematemesis or melena are noted. I often advise avoiding bones and hard chewy 
treats when patients are on high doses of steroids as well, to reduce the risk of trauma 
and bleeding.  

Monitoring – Animals on immunosuppressive drugs typically need close monitoring to 
assess response to the treatment. The pet should be weighed at each visit to ensure 
that they are not gaining excessive weight secondary to uncontrolled appetite. If this is 
the case, a dietary plan needs to be put into place. Excessive muscle wasting should 
also be noted, as evidence that the dose should be reduced further if possible. 
Owners need to be questioned about changes in drinking habits and specifically for 
worsening PU/PD despite decreased the steroid dosage. 30% to 50% of dogs on 
steroids are going to develop urinary tract infections, but they might not show typical 
signs of straining and active urine sediment (e.g. blood in the urine) because steroids 
reduce signs of pain and inflammation. Urine culture twice a year is recommended for 
animals on long term steroids. 

 
If a dog develops diabetes this will often be persistent despite reducing or stopping the 
glucocorticoids, whereas it is often reversible in cats. The faster the problem is 
recognized, the more chance there is to reverse the disease. Monitoring of free catch 
urine for glucosuria is an easy way to assess for development of diabetes mellitus. 

 

Azathioprine 

Effect – Azathioprine is a purine analogue anti-metabolite and it is thought to affect 
mainly T cells. The onset of action is slow (2 to 3 weeks) and it is used mainly as a 
steroid-sparing treatment to enable reduced usage of prednisolone with less side 
effects. 

Dose – 1 to 2 mg/kg orally once a day for 2 weeks, then every other day for dogs. 

Side effects – Azathioprine can cause gastrointestinal (GI) upset; bone marrow 
suppression (dosage related) and rarely liver necrosis (dosage related) and 
idiosyncratic pancreatitis (not dosage related). Risk of development of cancer 
secondary to immunosuppression has been described in humans, but is not well 
documented in animals. CATS ARE VERY SENSITIVE TO THE 
MYELOSUPPRESSION AND IT IS BEST AVOIDED IN THIS SPECIES (chlorambucil 
is used instead). 

Information for the owner – Owners should monitor their pet for any GI signs 
(decreased appetite, vomiting, diarrhoea) They should also seek immediate advice if 
they note any bleeding or bruising that can suggest low platelet counts. 

Monitoring – Regular haematology to assess for bone marrow suppression and 
biochemistry to assess for liver disease is recommended. A baseline should be 
obtained prior starting therapy. I typically monitor haematology and liver parameters 1 
and 3 weeks into therapy, thereafter every 1 to 2 months. There are no specific tests 
used in veterinary medicine to monitor the effect of azathioprine currently. 
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Chlorambucil 

Effect – Alkylating agent with cytotoxic activity. This is a chemotherapy drug. 

Dose – Dogs: 2 to 4 mg/m2 (NOT KILOS) orally once a day.  Cats greater than 4kg: 
2mg orally every 2 days for 2 weeks then tapered to the lowest effective dosage. Cats 
less than 4kg: 2mg orally every third day. 

Side effects – Most common: bone marrow suppression (low red blood cell count, low 
white blood cell count, and low platelet count) and GI signs (vomiting and diarrhoea). 
Other side effects include alopecia and delayed hair regrowth. There is one report of 
neurotoxicity in a cat. Rare cases have been described to develop renal tubulopathies.  

Information for the owner – Administer wearing gloves. Do not split tablets. The pet 
should be monitored for GI signs and any signs of bleeding or bruising should be 
immediately reported. Gloves should be used to clean the litter tray and any 
vomiting/diarrhoea, inappropriate urination (remove excess with absorbent paper and 
double bag before discarding). 

Monitoring – Clinical effect. Haematology should be monitored regularly (e.g. prior to 
therapy and every two weeks for a month, then every 1 to 2 months). Consider 
urinalysis every 6 months (including culture). 

 

Cyclosporine 

Effect – Prevention of T cell activation by inhibition of calcineurin in T lymphocytes. 

Dose – 5 to 10 mg/kg/day dogs and cats. Dosages of 20mg/kg/day are needed in some 
dogs to reach immune-suppression. 

Side effects – GI signs (most common signs), excessive shedding and hirsutism (cats), 
gingival hyperplasia (thickening or fleshy masses on the gum margins), papillomatosis, 
secondary infections and cancer (rare). Kidney and liver toxicity has been described 
with acute overdose. 

Information to the owner – The drug is expensive, which can be a limitation. The 
absorption is very variable and monitoring of concentration of cyclosporine (therapeutic 
drug monitoring, TDM) might be useful to monitor the drug. Atopica is more predictably 
absorbed and effective than human formulations of the drug. 

Monitoring – Owner should contact the clinic if their pets shows GI signs with the drug. 
The animal should be monitored for infections and it is recommended to test cats for 
Toxoplasmosis before starting the treatment. TDM has been described to predict the 
effectiveness and adjust the dose, though this is mainly used when the drug does not 
seem to be effective or toxicity is expected. Direct testing of the effect of the drug 
(pharmacodynamic) is also available, but only in the USA at this stage. Regular 
biochemistry and haematology should be used to monitor for disease resolution and for 
rare liver or kidney problems with the medication.  

 

Leflunomide 

Effect – Inhibition of T-cell proliferation and antibody production by B cells. 

Dose – 4 mg/kg orally once a day in dogs.  
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Side effects – As there is not yet much literature on this drug, little information is 
available. Decreased appetite, vomiting, and lethargy have been reported, but it is 
usually well-tolerated. Low lymphocyte count and anaemia have also been described. 
In humans haematologic toxicity and hepatotoxicity have been described. 

Information for the owner – Monitor for GI signs or any unusual signs. Teratogenic 
effects (birth defects) have been described in laboratory animals and humans, the drug 
should not be administered to pregnant animals. Ideally, pregnant woman or wanting to 
become pregnant should not be giving the treatment.  

Monitoring – Because of the side effects described in humans, haematology and liver 
parameters should be monitored. TDM of the active metabolite (A771 1726) can also 
be measured in the USA. 

 

Mycophenolate 

Effect – Inhibition of de novo synthesis of purines, which inhibits proliferation of T- and 
B-cells. 

Dose – 10 mg/kg 2 to 3 times a day for dogs.  

Side effects – As the drug has not been widely used yet, little information is available. 
GI signs that can be severe are the most commonly reported (constipation, diarrhoea, 
vomiting, and nausea). Other effects reported include lethargy, low lymphocyte count, 
and increased risk of skin infections. Papillomatosis and allergic reactions have also 
been reported. 

Information for the owner – The animal should be monitored for GI signs as these are 
the most common signs. It should be preferably given on an empty-stomach, but it can 
be trialled with food if GI signs develop. Tablets or capsules should not be crushed, 
split or opened. 

Monitoring – Weight and GI signs reported by the owner. 

 

Conclusion  

Immunosuppressive drugs are commonly used, but they can have numerous adverse 
effects, some of which can be life threatening. A key element is to recognize 
complications early to be able to intervene and reduce the risk of serious 
complications. 

It is important for the owners to know what to expect and what to monitor in their pets. 
If they know what to expect, they are more likely to follow the treatment prescribed. If 
they observe unusual symptoms, they should immediately seek advice. Weight and 
blood monitoring are often used to detect potentially worrying changes prior to obvious 
clinical signs. 

Suggested reading 

• Immune-mediated Diseases and Therapies. Garden, OA in Textbook of Veterinary Internal 
Medicine, 7th edition. Ettinger, SJ and Feldman EC. Saunders Elsvier. 

• Glucocorticoid Therapy. Cohn, LA in Textbook of Veterinary Internal Medicine, 7th edition. 
Ettinger, SJ and Feldman EC. Saunders Elsvier. 

• Ramsey, I. BSAVA small animal formulary (6th edition). Gloucesters: BSAVA 

Plumb, DC. Veterinary Drug Handbook (6th edition). Iowa: Blackwell, 2008  
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Table 1. Common drugs used for immunosuppression (in alphabetical order). 

Drug Oral Dosage Adverse effects Suggested monitoring 

Azathioprine 
D: 2mg/kg q24h for 2 weeks, then q48h 

Do not split or crush 

Bone-marrow suppression, liver toxicity, pancreatitis.  

NOT RECOMMENDED IN CATS. 

Haematology, biochemistry at 1 and 3 
weeks, then every 1-2 months. 

Budesonide D: 0.125mg/kg q12-24h 
In theory action only in large intestine, but some systemic absorption happens, same signs as 
for prednisolone possible, but generally less than with oral prednisolone. 

As above. 

Chlorambucil 

D: 2-4mg/m2 q24h  

C: 2mg q48h(>4kg)-72h(<4kg) 

Do not split or crush 

Bone marrow suppression. GI (vomiting, diarrhoea, anorexia). Haematology. Urinalysis. 

Cyclosporine 
D: 5-10mg/kg q12-24h 

C: 3-4mg/kg q12-24h 

D: GI (vomiting, diarrhoea, anorexia) – Give with food or freeze capsule. Gingival hyperplasia, 
hypertrichosis, altered glucose metabolism. 

C: GI (vomiting, diarrhoea, hypersalivation, anorexia). Gingival hyperplasia. Opportunistic 
infections (consider Toxoplasma titer). 

Rare: Hepatic and liver toxicity. Anaphylaxis. 

TDM / PD 

Biochemistry. 

Leflunomide 

D: 3-4mg/kg q24h 

C: 2-3mg/kg q24h (10mg/cat) 

Teratogenic: avoid use by pregnant women 
or use gloves. 

Decreased appetite, lethargy, vomiting, lymphopenia, thrombocytopenia, 
hypercholesterolaemia, and anaemia. 

Humans: Diarrhoea, nausea, alopecia/rash. Serious adverse effect:  haematology toxicity, 
dermatological adverse effects, hepatotoxicity. 

Haematology and liver enzymes. 

TDM. 

Mycophenolate 

D: 10-20mg q12h 

C: 10mg q12h 

If tolerated, on empty stomach. 

GI: diarrhoea=common, vomiting, anorexia. Lethargy. Lymphopenia.  
Haematology, biochemistry. 

GI adverse effects, weight.  

Prednisolone 
D: 1-2mg/kg or 30-40mg/m2 q24h  

C: 2mg/kg q12-24h 

D: Excessive hunger, thirst, and urination. Iatrogenic Cushing’s disease (weight gain, panting, 
muscle wasting, weakness, hair loss, poor hair regrowth, poor wound healing). GI 
irritation/ulceration (melena). 

C: Fewer adverse effects.  

D and C: Insulin resistance, especially at high dose. 

Haematology and biochemistry. 
Urine culture q3-6 months (high dose). 

C: cat; D: dog. GI: Gastro-intestinal. TDM: therapeutic drug monitoring.  
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Table 2 – Adverse effects that can be seen with the use of glucocorticoids 

Short-term steroids treatment Long-term steroids treatment 

Increased urination and thirst Urinary tract infections 

Increased hunger 
Dermatological changes (skin thinning, hair loss, 
poor quality coat, skin calcification [calcinosis cutis]) 

Panting (dogs!!) Decreased wound healing 

Increased risk of infections 
Increase risk of infections (fungal, Demodex, 
bacterial) 

Lethargy 
Muscle weakness (increased protein catabolism, 
large dogs) 

Diarrhoea with vomiting (with or without 
blood) and melena 

Iatrogenic hyperadrenocorticism, diabetes 

 


