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Abstract 
 Neutering of companion animals is common practice in the United States and many other 
parts of the world. There is growing concern that the uniform recommendation of neutering is 
detrimental to the pet population by affecting normal functions of other body systems. This may 
predispose these animals to disease, including, but not limited to, neoplastic conditions. Although 
the mechanisms of these changes are largely unknown, there is a growing number of studies 
showing a correlation between cancer and neuter status. A review of these articles, as provided 
here, can be beneficial to inform practitioners, enabling a more thorough discussion of spay and 
neuter with their clients. 
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Introduction  

Spay and neuter have long been the standard of care recommendations for pet dogs and 
cats in the US. Two common reasons given for this instruction are behavioral modification and 
population control. However, gonadectomy and the subsequent lack of sex hormones can impact 
many other processes in the body and may influence development of other diseases, including 
cancer. 
 The mechanism by which sex hormones, or lack thereof, influence development or 
progression of cancer is not always clear. Hormone receptors are present in a number of canine 
tumors, including mammary tumors,1-6 perianal gland tumors7and meningiomas.8 The level of 
hormone receptors may also influence outcome in treatment of meningiomas.9 Removing the sex 
hormone influence can help to improve outcome in perianal gland tumors10 and tumors of the 
reproductive tract.11,12 The opposite effect can be seen when administering exogenous hormones, 
that can lead to development of tumors in dogs and cats.13,14 

 The influence of sex hormone exposure and development of mammary tumors is well 
known. If a dog is spayed prior to the first estrous cycle, the risk of mammary cancer is only 
0.5%. This risk increases to 8% if spayed after the first estrus, then increasing to 26% after the 
second.15 There was not a significant decrease in risk of developing mammary cancer if spayed 
after the second estrus in this original study, although there was some benefit found in later 
studies.15-18 Spay after development of mammary carcinoma does not seem to influence the 
outcome for dogs, except in certain subsets.19 

 Other cancers of the reproductive tract can be reduced significantly by spay and neuter. 
Removing the gonad eliminates the risk of cancer development for uterine, ovarian, and testicular 
tumors. Vaginal leiomyomas are an uncommon, benign tumor of intact female dogs, and rarely 
occurs in spayed dogs. Spay at the time of leiomyoma removal decreases the risk of recurrence 
after even incomplete removal.11,12 
 Prostatic carcinoma is an uncommon cancer in male dogs.20-23 There has been an increase 
in the risk of developing prostatic cancer in neutered dogs. This increase in risk ranges from  
2 to 8 times that of intact stud dogs.24,25 
 Lymphoma is a very common cancer in dogs.26,27 A large, multi-institutional 
retrospective study using the Veterinary Medical Database compared ~ 15,000 canine lymphoma 
patients with 1.2 million dogs from the general population. This study identified a decreased risk 
of developing lymphoma in intact female dogs, about half the likelihood of spayed females, intact 
males, or neutered males.28 
 Transitional cell carcinoma of the urinary bladder has a higher incidence in female dogs, 
with a risk ratio ranging from 1.71 to 1.91:1 of females to males.29-31 The underlying cause of this 
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increased risk in females is not known to be hormonally influenced. However, 1 study reported 
increased risk in both sexes with gonadectomy.26 Also, the risk of transitional cell carcinoma of 
the prostate is higher in neutered dogs.25 
 Early, smaller studies on canine osteosarcoma showed some variation in sex predilection, 
with some indicating males have an increased risk and some indicating females.31-36 However, a 
much larger review of 1,775 patients did not show any sex predilection.37 Neutering does carry 
some increased risk of developing osteosarcoma in 2 studies.8 The first found a 1.9 times 
increased risk in spayed females and 1.4 times in neutered males.38 The second found an 
increased risk of 1.3 fold in neutered compared to intact male dogs.39 
 Hemangiosarcoma was more likely in spayed females, which were about 2 times more 
likely to develop hemangiosarcoma compared to intact females.40 This association was also 
present for cardiac tumors, with spayed females having a 4 times higher relative risk compared to 
intact females.41 This study also found diagnosis of cardiac hemangiosarcoma was 5 times greater 
in spayed females.41 Although not as robust, there was also an increased risk of 1.6 for heart 
tumors in neutered males when compared to their intact counterparts.41 
 There have been a number of studies attempting to determine any relationship between 
gonadectomy and the development of cancer in specific breeds. One study reviewed 683 
Rottweilers and found an increased risk of osteosarcoma if the dog was neutered prior to 12 
months of age. This held true for both male and female Rottweilers.41 
 Golden Retrievers have been evaluated due to the high incidence of cancer in this breed. 
In a group of 759 Golden Retrievers, females spayed after 12 months of age had an increased risk 
of hemangiosarcoma, 4 times greater than females spayed before 12 months or intact females.42 
This was not the case for males in the same study.42 Lymphoma is also more common in spayed 
and neutered Golden Retrievers, with an increased risk of 3 - 4 times.42 In male Golden Retrievers 
castrated before 1 year of age, the risk for developing lymphoma was increased by 3 times.42 
Lastly, Golden Retrievers were evaluated for the risk of developing mast cell tumor in relation to 
reproductive status. There was an increased incidence of mast cell tumor in female Golden 
Retrievers that were spayed prior to first year at 2.3% and after first year at 5.7%, when compared 
to intact females at 0%.42 There was no difference in the incidence between castrated and intact 
males in this same study.42 
 A final breed specific study evaluated risk and age of onset of cancer in Vizslas. This 
study found a similar increased risk to Golden Retrievers of developing lymphoma, with an 
increase of 3 - 4 times in castrated or spayed Vizslas.42,43 The risk of developing a mast cell tumor 
was also higher, increased by ~ 2 - 4 times than that of intact Vizslas.43 These mast cell tumors 
also developed at an earlier age.43 
 Gonadectomy potentially has some influence on lifespan in dogs. In reviewing > 40,000 
dogs in the US, there was an increase in average lifespan from 7.9 to 9.4 years with gonadectomy. 
The benefit was higher in females with an increase in life expectancy of 26%, and only 14% in 
males.44 In sterilized dogs, in this study, transitional cell carcinoma, osteosarcoma, mast cell 
tumors, and lymphoma were all more common; mammary tumors were less common; and there 
was no difference in the incidence of melanoma, squamous cell carcinoma, and prostate cancer.44  
 
Discussion 
 Information presented here must be taken with the proverbial “grain of salt”. These 
studies show an association between gonadectomy and a change in the risk for certain cancers. 
However, the cause is generally not known, although certainly theories exist. Development of 
cancer is generally multifactorial and involves many environmental and exogenous factors, as 
well as endogenous factors, such as genetics and exposure to sex hormones. 

There are also considerations when interpreting the studies presented here. These studies 
are often breed specific and we must be careful in extrapolating this to the general population of 
dogs. There is also likely a case selection bias in that many of these studies are performed in 
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referral institutions. Client factors may influence which dogs are presented to a referral institution 
and this patient group may not represent a true general population of pets. Retrospective studies 
also have inherent bias, which is the nature of most of these studies. 
 
 Conclusion 

The idea of individualized medicine is becoming more prevalent in human and veterinary 
medicine. This is the approach that should be utilized when determining the need for spay and 
neuter in companion dogs. There are many factors to consider when making this decision, which 
may not be readily apparent to the average pet owner. The American College of 
Theriogenologists and The Society For Theriogenology hold the position that “the decision to 
spay or neuter…should be made solely by the pet’s owner with the direct input of their 
veterinarian and will be dependent on each particular animal’s situation.”45 This statement should 
be upheld as often as possible to continue to practice the highest quality of medicine that is 
expected by current-day clients. 
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