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Oncological Diseases in Rabbits 

Summary: 

Oncological diseases in rabbits (Oryctolagus) are gradually becoming more and more 
common. This is due to the growing popularity of breeding rabbits as pets and as a result, rabbits 
are living longer. Oncological diseases arise based on genetic mutations of specific genes. 
Mutations in proto-oncogenes and tumour suppressor genes are responsible for causing cancer. 
The immune system reacts to the occurrence of cancer cells, but it is not efficient enough and 
later fails in the fight with these cells, resulting in cancer. 

Predisposing factors in rabbits include heredity, sex, breed and especially age. If the 
presence of a tumour is detected early, the prognosis can be good. However, symptoms are 
usually not present in rabbits; thus, the diagnosis is often made only at an advanced stage of the 
disease, when the possibilities of therapy are already very limited. Various advanced diagnostic 
methods can be used for diagnostic examination, most often a sonography or X-ray, but this is 
quite stressful for rabbits. Often, the diagnosis is made only at an advanced stage of the 
oncological disease, which is unfortunately fatal for the rabbit due to the occurrence of 
metastases. To establish an accurate diagnosis, it is necessary to take a tissue sample for 
histological examination. 

The therapy of oncological diseases in rabbits is not so widespread yet. Most often, as in 
humans, it is treated with chemotherapy or radiation. However, early surgery is the most 
effective treatment in rabbits. 

The most frequent tumours in rabbits are adenocarcinomas of the uterus and mammary 
glands. That is why unneutered females at an older age are most often at risk. Other frequent 
types are lymphomas and thymomas. Each tumour is specific and has a different aggressiveness 
and associated prognosis. 

Since oncology in rabbits has received little study, it is important to mention examples of 
benign tumours and inflammatory abscesses that are often confused with oncological tumours. 
The bachelor thesis is enriched by case studies of rabbits with an oncological diagnosis and 
with a diagnosis of inflammatory and benign tumours that were confused with cancer tumours. 

Cancer treatment in rabbits is unsuccessful in most cases, and so far, most veterinarians 
are leaning towards euthanasia if the occurrence of metastases is evident. 

Keywords: cancer, diagnosis, genetics, immunology, malignancy, mutations, rabbit, 

symptoms, treatment, tumour 



Souhrn: 

Onkologická onemocnění se u králíků (Oryctolagus) nyní vyskytují mnohem častěji než 
dříve. Je to spojeno s větší popularitou chovu králíků jako domácích mazlíčků a díky tomu se 
králíci také dožívají vyššího věku. Onkologická onemocnění jsou u králíků nejčastěji 
podmíněna genetickými mutacemi specifických genů. Za vznik rakoviny jsou zodpovědné 
mutace proto-onkogenů a tumor supresorových genů. Imunitní systém reaguje na výskyt 
rakovinných buňek ale není dostatečně účinný v boji s těmito buňkami a rakovinné bujení se 
postupně rozvíjí. 

K predispozičním faktorům u králíků řadíme dědičnost, pohlaví, plemeno a hlavně věk. 
Pokud je přítomnost nádoru zachycena včas, prognóza může být dobrá. Avšak králíci v 
počátečních fázích onkologického vývoje obvykle nevykazují žádné příznaky, a proto je často 
diagnóza stanovena až v pokročilém stádiu onemocnění, kdy i možnosti terapie již bývají velmi 
omezené. K diagnostickému vyšetření lze použít různé pokročilé diagnostické metody, 
nejčastěji sonografii nebo rentgen, ale to je pro králíky poměrně stresující záležitost. Často je 
tedy diagnóza stanovena až v pokročilém stádiu onkologického onemocnění a to je pro králíka 
z důvodu výskytu metastáz bohužel fatální. Pro stanovení přesné diagnózy je nutné i odebrat 
vzorek tkáně na histologické vyšetření. 

Terapie onkologických onemocnění u králíků zatím není tolik rozšířena. Nejčastěji se, 
stejně jako u lidí, používá léčba chemoterapií nebo ozařováním. Včasná operace je však 
nejúčinnější léčbou u králíků. 

Nejčastěji se vyskytujícími nádory u králíků jsou adenokarcinomy dělohy a mléčných 
žláz. Nejvíce jsou proto ohroženy nekastrované samice ve vyšším věku. Dalšími častými typy 
jsou lymfomy a thymomy. Každý nádor je specifický a vykazuje různou agresivitu a s tím 
spojenou prognózu. 

Vzhledem k tomu, že je doposud onkológie u králíků málo prozkoumána, je důležité 
uvést, že u králíků může často docházet i k nezhoubným nádorům a zánětlivým onemocněním, 
které se prezentují formou abscesu a mohou být snadno zaměňovány s onkologickými nádory. 
Bakalářská práce je obohacena o konkrétní kazuistiky králíků s onkologickou diagnózou a také 
s diagnózou zánětlivých a benigních tumorů, které byly s rakovinnými nádory zaměněny. 

Léčba rakoviny u králíků je ve většině případů bohužel neúspěšná a zatím se veterináři 
spíše přiklání k eutanazii, pokud je patrný výskyt metastáz. 

Klíčová slova: diagnóza, genetika, imunologie, králík, léčba, mutace, nádor, příznaky, 
rakovina, zhoubnost 
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1 Introduction 

Pet rabbits are becoming very popular in recent years and people are breeding them more. 
Due to human care, they are living longer, but this has resulted in increased cases of cancer. 
Thus, the relatively unknown and unexplored field of rabbit oncology is becoming more 
common. As the number of pet rabbits has increased, so does the number of tumours (Baum, 
2021). 

Cancer has thus become one of the most common diseases in rabbits. Not only pets are 
endangered, but wild rabbits also suffer from tumours of a different origin. However, there is 
more frequency of cancer recorded in pet rabbits (Heatley & Smith, 2004). 

Rabbits are most often affected by uterine carcinoma. Haematopoietic tumour lymphoma 
appears to be the second most common, along with thymoma. Other carcinomas were often 
recorded on the mammary glands and others, less frequently, on organs such as the adrenal 
glands and testicles. There are fewer cases of sarcomas and cutaneous tumours, but still more 
are described in rabbits than other tumours (Kershaw, 2016). 

Cancer in rabbits is getting more research attention, but still, in most cases, rabbits do not 
receive early help. Veterinarians often encounter tumours in rabbits for the first time, and thus 
cancer is often diagnosed too late, or not at all, and is confused with another disease of benign 
origin (Bertram et al., 2021). 

The owner of the rabbit must always know how to help them as humanely as possible and 
what the treatment options are. There is a very fine line between whether it is worth treating 
them or whether euthanasia is the best course of action. Animal welfare is extremely important, 
and such decisions are always difficult for beloved pets. Just as with any pet in i l l health, rabbit 
owners must consult with knowledgeable veterinarians to make the correct decisions. 

Cancer in rabbits often goes undetected due to the lack of symptoms. Rabbit owners 
should be aware of this issue and thus help their rabbits as early as possible (Kandefer-Gola et 
a l , 2022). 
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2 Aims of the thesis 
The aim of this bachelor thesis is to summarize in detail the current knowledge of 

oncological diseases in rabbits using recent scientific sources. 
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3 Literature review 

3.1 Introduction to cancer 

Cancer is a multifactorial disease based on genetic changes, and cancer cells arise in the 
body from normal cells caused by genetic mutations—thus abnormal cell growth occurs. 

Cancer cells migrate through the body to other tissues and organs, which is called 
metastasis, making the disease more insidious (Torpy et al., 2010). 

In cancer, genes mutate by mistake, this creates cancer cells that grow, and a malignant 
tumour is formed. Malignant means that cells grow aggressively, uncontrollably and are capable 
of metastasizing. In this way, it differs from a benign tumour, which may be the original and 
first stage of cancer, but when talking about a benign tumour, it does not mean an oncological 
disease (www.ncbi.nlm.nih.gov, 2007). 

Cancer can arise from spontaneous mutations, genetic inheritance from parents, or from 
external factors, such as injuries, viral infections, or other diseases (Imran et al., 2017). A 
substance from the external environment that is responsible for the development of cancer is 
called a carcinogen (Barnes et al., 2018). 

Cancer cells can evade the immune system, thus, the treatment of it and cancerous 
tumours tend to reappear over time (Spurrell & Lockley, 2014). 

Cancer appears to be a very common disease in rabbits and the prevalence is up to 50% 
after reaching the age of six years (Bertram et al., 2021). 

3.2 Cancer genetics 

Cancer is based on genetic mutations: irreversible changes of genetic information. 
Mutations occur in individual genes and can be spontaneous, hereditary, or influenced by 
external factors (Zingde, 1993). 

3.2.1 Basics 

Each cell in the mammalian body has DNA, a carrier of genetic information consisting of 
thousands of genes. Some genes code for specific proteins that are essential for the organism. 
A l l the genetic information in a specific organism is called a genome. Each gene has two alleles, 
specific forms of a gene; one allele is inherited from the mother and the other from the father 
(Brooker, 2022). 

Mutations are any changes in D N A that usually have a neutral impact on the organism. 
Heritable mutations are always germline mutations (www.cancer.org, 2023). 

If only one gene in a cell is damaged, cancer may occur. When a mutation causes damage 
of a specific gene and mitosis (cell duplication) starts dividing this cell, it leads to genome 
breakdown. This means that the D N A replication is not controlled (Alberts et al., 2002). 

For the proper function of the cellular division (cell cycle), specific genes are needed. 
Two types of these genes exist, proto-oncogenes, and tumour suppressor genes (Vermeulen et 
a l , 2003). 
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Proto-oncogenes and tumour suppressor genes are very important genes in mammalian 
cells. These two types of genes work together and execute normal and necessary functions 
(Wang et al., 2019). Mutations in the body happen often and these genes intervene and prevent 
to develop cancer. Problems arise when mutation occurs in one of these specific genes. After 
mutation, they are no longer able to prevent cancer, thus, increased mutations follow. With age, 
the ability to repair cells decreases, therefore, cancer is often common at an advanced age 
(Brooker, 2022). 

3.2.2 Proto-oncogenes 

Proto-oncogenes are "checkpoints" in cells. They control normal cellular function 
through cell division, and proper cell growth. Proto-oncogenes control all cells in the body and 
make sure there are no mistakes in cellular growth and through differentiation (Chin & Gray, 
2008). When a mutation occurs in one allele of a proto-oncogene, the whole gene starts to be 
overexpressed and becomes an oncogene, thus, the cells grow faster and faster. The cell cycle 
of the proto-oncogene is not turned off, and proliferation (rapid multiplication) is no longer 
controlled. This overexpression is called GOF - gain of function. Proto-oncogene gains its 
function and becomes an oncogene (Christopher et al., 1993). 

The most common and the first discovered proto-oncogene in all mammals is Ras gene. 
It is interesting to mention that Ras genes are found not only in all mammals, but in all 
eukaryotic organisms (Fernandez-Medarde et al., 2021). This gene was discovered through a 
retrovirus causing cancer in rats by impairing the proto-oncogene, therefore named Ras - rat 
sarcoma virus (Cox & Der, 2010). Ras genes ensure that the cells enter the cell cycle safely and 
without any damage (Prior et al., 2012). A l l mammals have three Ras genes, but not all of them 
cause cancer, some may only be involved in the development of cancer, not its origin. Ras genes 
are homologs - they are similarly present in several (or all) animal species. This means that 
organisms carrying this gene share a common ancestor (Karnoub & Weinberg, 2008). 
Mutations in the Ras gene are in most cases a somatic mutation, meaning that the mutation is 
not inherited from the parents and cannot be passed on to the offspring. Ras gene mutations are 
allegedly responsible for deadlier cancers with poorer prognosis (Fernandez-Medarde & 
Santos, 2011). 

3.2.3 Tumour suppressor genes 

The purpose of proto-oncogenes and tumour suppressor genes is the same - regulation of 
proliferation, but with the difference that proto-oncogenes stimulate proliferation and tumour 
suppressor genes inhibit it. Tumour suppressor genes prevent the proliferation of cancer cells 
or as the name suggests, suppress the tumour. If there is any issue, they can turn off the cell and 
the cell division does not continue. They can arrest the cell cycle before the D N A is repaired 
(Imran et a l , 2017). 

Mutations in these genes cause LOF - loss of function. Tumour suppressor genes lose 
function and are unable to prevent proliferation, so the multiplication is uncontrolled 
(Christopher et a l , 1993). 
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Hereditary cancer is more often caused by tumour suppressor genes than proto-oncogenes 
(Hodgson, 2008). A mammal can inherit one LOF allele, meaning it was already born with one 
non-functional allele. Then, if the second allele of the same gene loses the function in life, 
cancer develops (Alberts et al., 2002). Of course, there is an option that a mammal is born with 
two functional alleles which later stop functioning. This is called the "two hit model", founded 
by Alfred Knudson. If the first non-functioning allele is inherited, it has one hit allele, and the 
mutation is caused in germline cells. This means that the mutation takes place in the germ cells. 
The mutation in the second allele is always in a somatic cell (Chau & Wang, 2003). Hereditary 
mutations only happen in germ cells, and contrastingly, the somatic cells only mutate during 
life (Zingde, 1993). If no mutation is inherited and both alleles are hit during life, the mutation 
is caused only in the somatic cells, with two hits (Knudson, 2003). This can also be called a 
sporadic mutation, meaning that there was no inheritance from the parents. The opposite would 
be called a familial mutation, which means that one allele with LOF has been inherited (Van 
DerGroep e ta l , 2006). 

It can be deduced that if the tumour develops at a young age in the individual, it is more 
likely heredity, because it usually takes several years to mutate both alleles of the same gene 
(Hodgson, 2008). It is important to mention that an individual cannot be born with both non­
functional alleles of one gene, that would already be embryonic lethal (Brooker, 2022). 

There is one important difference between these two types of genes. In proto-oncogenes, 
only one allele can gain function and cause cancer. In tumour suppressor genes, both alleles 
must lose their functions to develop cancer (Imran et al., 2017). 

Some genes act in both ways, so they have both functions - as a proto-oncogene and as a 
tumour suppressor gene (Wang et al., 2019). 

The first tumour suppressor gene found was Rb gene (causing retinoblastoma cancer). 
This gene occurs in young humans at a very early age of up to four years. The Rb gene is located 
on chromosome 13 and in normal function suppresses the proliferation of cancer cells (Cruz-
Galvez et al., 2022). 

The second tumour suppressor gene found is the most important p53 gene. Almost half 
of all cancers are caused by mutation in this gene (Ozaki & Nakagawara, 2011). The p53 gene 
is called a pleiotropic master regulator because it is responsible for many more genes and 
functions. The definition of pleiotropy is when one gene affects multiple traits. The p53 gene 
controls many proto-oncogenes and suppresses their proliferation or activates more tumour 
suppressor genes when needed (Carugo et al., 2019). 

The p53 gene has three ways of functioning. The first pathway is D N A repair. The p53 
interacts with the B R C A gene and functions as an enhancer for repair (Arizti et al., 2000). 
Second, the p53 gene can stop cell division. The p53 inactivates the Ras proto-oncogene. 
Therefore, the Ras gene is turned off, proliferation is suspended and thus there is more time for 
D N A repair. Unlike the first pathway, here p53 acts as a silencer (Chen, 2016). The third option 
is apoptosis (Joyce et al., 2023). Apoptosis is programmed cell death. This function does not 
lead to D N A repair, but the entire cell is immediately destroyed. A damaged cell that needs to 
be destroyed begins to shrink and D N A degrades. This destroyed cell is then phagocytosed by 
cells of the immune system (Elmore, 2007). 

It is worth noting that B R C A is the most common suppressor gene responsible for 
hereditary mammary gland cancer (breast cancer in humans) (Kozlov, 2022). 
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3.2.4 Peto's paradox 

Rabbits are small animals with fewer cells than large mammals. It would seem then, their 
probability of developing cancer should therefore be lower. The opposite is true, and rabbits 
are relatively common oncology patients. This can be explained by Peto's paradox (Compton 
et al., 2023). The size of the animals and the number of their cells do not affect the probability 
of cancer. It is more dependent on extra copies of the specific genes. These copies are called 
paralogues. Paralogous genes are duplicated genes in the same species (as opposed to 
homologs, which are the same genes in different species) (Jensen, 2001). This can be used with 
the p53 gene example. For example, an elephant has many paralogs of p53 gene. This means 
that elephant cells cannot develop cancer in their body (Caulin & Maley, 2011). If one of the 
p53 genes is damaged, the other paralog is activated. Therefore, for example, an elephant, or 
other large mammals such as whales, will never get cancer in their lives. Unfortunately, this is 
not the case with rabbits (www.medscape.com, 2015). 

3.2.5 Mutations 

As tumour suppressor genes are caused by loss of function and proto-oncogenes by gain 
of function, the mutations are different. The best known are point mutations, which can have 
both proto-oncogenes and tumour suppressor genes (Zhao et al., 2024). 

A mutation of one proto-oncogene or a tumour suppressor gene may not immediately lead 
to cancer. These two types of genes go hand in hand, as with the already mentioned gene p53 
which controls many other genes. It may happen that the mutation of the tumour suppressor 
gene has no effect until the proto-oncogene breaks down, and thus the mutated tumour 
suppressor gene cannot suppress the growth of the proto-oncogene into an oncogene (Anderson 
et al., 1992). On the other hand, the tumour suppressor gene Rb is caused only by mutation in 
this single gene. However, this is not that frequent (Chin & Gray, 2008). Even though the 
retinoblastoma cancer is caused by the mutation in Rb itself, this gene is still in charge of the 
E2F proto-oncogene, which, if Rb mutates, is not controlled in any way. This still means that 
the mutation occurred in the Rb gene, not the E2F gene. The E2F gene just proliferates 
uncontrollably (Zingde, 1993). 

On the contrary, this is the case with colon cancer, where the mutation starts with the 
tumour suppressor gene APC, which, however, causes only a benign polyp (Hodgson, 2008). 
After several stages, which can last many years, mutations in the p53, DDC gene and the 
activation of the Ras proto-oncogene are gradually added. Only then is a malignant tumour 
developed (Armaghany et al., 2012). 

3.2.5.1 Types of mutations in proto-oncogenes 

Only one GOF allele is needed to alter proto-oncogene into oncogene (Alberts et al., 
2002). In proto-oncogenes, in addition to the regular genetic mutation, there is also a mutation 
caused by a virus (Imran et al., 2017). 
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3.2.5.1.1 Missense mutation 

Missense mutation, also called nonsynonymous, is one of the point mutations. In many 
cases, the mutation is neutral and has no effect on the coding protein. Point mutation means that 
the change occurs in only one nucleotide in DNA. Especially, in missense mutation, the change 
of a nucleotide changes a single amino acid because of translation (the process where proteins 
are synthesized). Missense mutation is typical for Ras proto-oncogenes (Hobbs et al., 2016). 

Ras proto-oncogenes belong to the group of G proteins, which means that they can bind 
GTP. GTP (guanosine triphosphate) is an active form of the energy source for cellular activity 
bound to the Ras genes. Under normal circumstances, GTP alternates with inactive form GDP 
(guanosine diphosphate), which is the natural state of the Ras gene because with GTP, the cell 
is activated to divide (McCormick, 1991). In the case of a point mutation, the overexpression 
of Ras gene is caused precisely by the fact that GTP is not converted back to GDP, and cell 
division is thus constantly underway, and the cell continues to divide without quitting. GDP is 
not bound and thus there is no way to stop cell division. A Ras proto-oncogene is overexpressed 
and becomes an oncogene (Anderson et al., 1992). 

3.2.5.1.2 Gene amplification 

Gene amplification is a mutation where the number of specific protooncogene is 
increased, so it logically causes increasing of the encoded protein (a protein that is encoded by 
the specific proto-oncogene). It is a duplication of the gene (Schwab, 1999). 

Mutation causes D N A breakdown and thus the number of copies is increased. Cancer 
caused by amplification is usually characterized by a poor response to therapy and more serious 
prognosis (Albertson, 2006). 

The mutation is also a sporadic event, not hereditary. As already mentioned above, the 
type of Ras gene that is not exactly involved in the formation of a tumour can contribute to its 
growth by means of amplification (Bagci & Kurtgoz, 2015). 

3.2.5.1.3 Chromosomal translocation 

Translocation is a mutation at the chromosomal level. This can happen during 
recombination of two non-homologous chromosomes. This mutation was found on the 
Philadelphia chromosome and most commonly causes haematopoietic cancer such as 
lymphoma and leukaemia (Zingde, 1993). There is chromosome 9 which carries A B L proto-
oncogene and chromosome 22 which carries BCR gene. When these chromosomes are broken, 
their parts are recombined with each other and chromosome 22 receives A B L gene from 
chromosome 9. Then chromosome 22 carries both genes, A B L and BCR. BCR gene is not a 
proto-oncogene, but after their recombination, BCR gene works as an enhancer for A B L , so 
then A B L is overexpressed. A Philadelphia chromosome translocation is never caused by 
inheritance (Nambiar et al., 2008). 
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3.2.5.1.4 Viral integration 

During infection with a viral disease, the virus can insert itself into a cell with a proto-
oncogene and the mutated cell begins to form a tumour. The virus in this case acts as an 
enhancer for the proto-oncogene. If the virus binds to the coding proto-oncogene, 
overexpression into an oncogene will begin (Varmus, 2009). In rabbits, for example, it is caused 
by papillomaviruses (in humans as well) (Cladel et al., 2022). 

Cancer caused by viruses always has two possible pathways, genetic mutation, or 
epigenetic mutation (modification), which will be explained in the chapter 3.2.5.3 (Ewald & 
Swain Ewald, 2019). 

3.2.5.2 Types of mutations in tumour suppressor genes 

Both copies of the gene (both alleles) must be dysfunctional for cancer to develop. If only 
one copy is damaged, the other copy is sufficient to control cellular processes (Chau & Wang, 
2003). 

3.2.5.2.1 Point mutations 

Nonsense mutation is a type of point mutation that most often occurs in tumour suppressor 
genes. However, even missense mutation, which was explained in the previous chapter, can 
occur in tumour suppressor genes. 

Transcription is a process when D N A is transcribed into R N A molecule. Codon is a D N A 
sequence of three nucleotides (substances composed of a nuclear base). STOP codon is the last 
sequence by which protein synthesis ends (Mordstein et al., 2021). Nonsense mutation is when 
STOP codon comes earlier than it should have during the transcription, and the final amino acid 
is also changed. Translation ends before it should (Brown, 2002). 

Missense mutations appear to be most common in tumour suppressor genes as well. 
Missense mutation is also the only mutation that is common to both LOF and GOF (Kato et al., 
2003). 

3.2.5.2.2 Aneuploidy 

Aneuploidy is an abnormal number of chromosomes and is common in cancer. Each 
species has its own set number of chromosomes. The number of chromosomes is always even 
because half are inherited from each parent (Orr et al., 2015). A rabbit has 44 chromosomes 
(Korstanje et al., 1999). Chromosome aberration occurs during cell division and in cancer this 
means the loss of a chromosome that carries tumour suppressor genes (Sansregret & Swanton, 
2017). 
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3.2.5.3 Epigenetics 

A l l of the above-mentioned mutations are at the genetic level, and among them lies less-
explored epigenetics at the chromatin level. Chromatin is a complex of D N A wrapped around 
proteins called histones. Epigenetics is not about D N A sequences and genes themselves, but 
about the entire complex of genes contained in D N A together with histones (Moosavi & 
Ardekani, 2016). 

Chromatin can be present in two stages - heterochromatin or euchromatin. In the case of 
heterochromatin, D N A is wrapped around histones very tightly. It also means that no active 
processes such as transcription take place in it and chromatin is "closed" (Weinhold, 2006). 
Otherwise, in euchromatin, chromatin is open, active, and gene coding takes place here. Simply 
stated, heterochromatin is in the "on" phase and euchromatin in the "off" phase. A process called 
methylation (the methyl group is inserted into the molecule) closes the chromatin into a 
heterochromatin state, and demethylation (the methyl group is removed from the molecule) 
opens the chromatin (Tamaru, 2010). 

Epigenetics can affect gene activity and the problem arises when the opposite state of 
chromatin happens. In the case of pro to-oncogenes, if demethylation occurs, the chromatin 
opens up, thereby gaining function, and the principle is then the same - proto-oncogene gains 
its function and turns into an oncogene. The opposite is true with the methylation in tumour 
suppressor genes. Chromatin closes and the gene loses its function. Demethylation causes gain-
of-function and methylation loss-of-function (Sharma et al., 2010). 

D N A methylation is common for tumour suppressor genes and can also be hereditary. 
During methylation, chromatin is modified, and then causes a mutation such as a point mutation 
in tumour suppressor genes (Wajed et al., 2001). 

In epigenetics, it is most common for the mutation to be caused by an environmental agent 
such as, for example, cigarette smoking in humans. In the case of rabbits, there is a possible 
effect of U V radiation, but the cancer is most likely affected by mutation in single specific gene 
caused by the mutations mentioned above. However, epigenetic mutation can sometimes occur 
without the influence of the external environment, in short, a random mutation occurs in the 
genes that encode proteins for chromatin modification (Pogribny & Rusyn, 2013). 

There is a huge family of Hox genes that are neither tumour suppressor genes nor proto-
oncogenes. Their transcription occurs only during ontogenetic development, and they are 
methylated before birth and remain switched off throughout the individual's life. If they are 
accidentally demethylated during life, it can also cause cancer (Li et al., 2019). 

3.3 Cancer immunology 

3.3.1 Cancer stages 

Everything starts with one single damaged cell that begins to divide. Sometimes only a 
benign tumour can be the first stage. Any new and abnormal cell growth, whether benign or 
malignant, is the definition of a neoplasia - neoplastic cells (Srivastava & Grizzle, 2010). A 
benign tumour is not invasive and, therefore, still "safe". This is not called cancer yet. If a 
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benign tumour is suspected, it is best to remove it to prevent the development of cancer. When 
a benign tumour starts to grow, it is called a precancerous change. A benign tumour turns into 
a malignant tumour and attacks healthy surrounding tissues and becomes invasive (Brierley et 
a l , 2016). 

In most cases, however, a directly malignant tumour is found without precancerous 
changes and benign form. A malignant tumour initially grows but does not spread. During this 
time, there is a high chance to undergo treatments such as surgery, radiation, or chemotherapy 
(Seyfried & Huysentruyt, 2013). 

Metastasis is the last and most serious stage. It comes when the malignant tumour is not 
removed or is removed too late. Cancer cells travel through the lymphatic and blood system 
throughout the body, invade other organs and cause secondary tumours (Pina-Sanchez et al., 
2021). The most common organs for metastases in rabbits are lungs, liver, and lymph nodes, 
followed by spleen, mammary glands, brain, and bones (Vennen & Mitchell, 2009). 

Malignancy can also cause more mutations, and this could lead to resistance to 
chemotherapy (Wang et al., 2016). 

These three stages (benign tumour, malignant tumour, and metastasis) are not strictly 
given in every type of cancer. There can be more benign stages or only malignant stages. 
Moreover, not all malignant cells must definitively migrate throughout the body 
(www,cancerresearchuk.org, 2023). 

It is also not a rule that benign tumours eventually turn into malignant tumour one day. 
Many benign tumours remain benign (Wang et al., 2016). However, in rabbits, benign tumours 
can be a major problem as well, particularly when they become large. When the size of the 
benign tumour grows too large, it can be dangerous for a small rabbit's body. Organs or tracts 
can be compressed. However, this is not considered an oncological issue 
(www.crossriggsvets.co.uk, 2023). 

3.3.2 Types of cancer 

Cancer may develop from different types of cells and tissue. Before becoming metastatic, 
there is always one original tissue or organ, where the tumour forms. 

The most common type is carcinoma. This tumour is developed from epithelial cells. 
Most organs in a body are made up of epithelial tissue. Adenocarcinoma is a common type of 
carcinoma which originates from glands (Mullangi & Lekkala, 2023). 

Sarcoma originates in connective tissue, such as bones, muscles, tendons, and cartilage. 
Osteosarcoma is the sarcoma found in bone and liposarcoma appears in soft tissues, most often 
fat cells (Wright et al., 2023). 

Leukaemia is cancer of immature leukocytes - white blood cells, and it arises in the bone 
marrow. Leukaemia does not form into a mass or tumour. 

Lymphoma is also caused by immature leukocytes, but occurs in lymphoid tissue such as 
thymus, lymph nodes and spleen (Guillerman et al., 2011). 
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Myeloma is type of cancer located in plasma cells - also lymphocytes, but they are 
differentiated for producing antibodies (www.training.seer.cancer.gov, 2023). 

3.3.3 Immune system function 

The immune system consists of specific cells and organs of mammalian organisms. The 
main function is to protect the body from external invaders, which can be any pathogen such as 
viruses, bacteria, and parasites (Parham, 2014). 

When a pathogen appears, the innate immunity attack at first. This is non-specific 
immunity with a very fast response. Innate immunity involves many different types of 
leukocytes (white cells) - monocytes, granulocytes, and natural killers (NK). N K cells are the 
only cells of innate immunity whose precursors are lymphocytes, which is the main type of 
leukocytes. Their work is clear - ki l l the pathogen in the fastest way possible (Alberts et al., 
2002). 

When the innate immunity fails, the adaptive immunity is needed. Cells of innate 
immunity are required for activation of cells of adaptive immunity. Adaptive immunity is called 
a specific immunity and includes T and B lymphocytes. Dendritic cells, very important cells of 
monocytes, are able to present the antigen of foreign cells and thereby activate T lymphocytes. 
Antigens are molecules of invasive cells that cause an immune response. Then T lymphocytes 
stimulate B lymphocytes to produce specific antibodies (Parham, 2014). Memory B cells, a 
type of differentiated B lymphocytes, have an immune memory, and upon repeated encounters 
with the same antigen, they can differentiate into plasma cells and produce specific antibodies 
(Largeot et al., 2019). 

3.3.4 Immunological response to cancer 

Despite the fact that tumour cells come from the same tissue and cells where they 
originated, the organism is able to recognize them and reacts to them as foreign cells 
(Kawakami, 2016). 

Cells of innate immunity recognize the tumour, attack cancer cells, and eliminate them in 
many ways such as phagocytes (cell engulfs a "foreign" invader) or by releasing cytotoxins 
(release of a toxic substance). Cells of innate immunity recognize the tumour and attack cancer 
cells. The immune response to the tumour is called infiltration. Dendritic cells carry information 
about the antigen and present it to T cells. Infiltration by innate immune cells is essential before 
T cell activation (Spranger, 2016). Sometimes B lymphocytes can recognize tumour antigens 
and thus produce antibodies. It is not completely known why the tumour is sometimes 
recognized and sometimes not, but it is known that the prognosis of tumours is better when the 
antigen is recognized (Largeot et al., 2019). T cells are activated through specific Tumour-
associated antigens (TAAs) and B cells start producing specific antibodies. The infiltration 
starts again, T lymphocytes enter the tumour and begin fighting the tumour cells. The specific 
immunity is activated, and all immune cells fight the tumour at that time. This all can be called 
an anti-tumour immune response (Vallentin et al., 2015). 
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Inflammation is always present as a response to a growing tumour, which can contribute 
to the better development of cancer (Gonzalez et al., 2018). 

The tumour may stay under control for a while, but tumour cells grow quickly, and they 
are able to change genetically over time, so they can easily bypass the immune system (Beer, 
2019). For example, tumour cells can lose M H C molecule, which is needed to bind an antigen 
and thus present it to T cells. Immune cells can no longer detect tumour cells nor distinguish 
them from normal cells (Palucka & Coussens, 2016). Immune cells can even be inactivated by 
tumour cells (Spurrell & Lockley, 2014); for example, tumour cells can inactivate dendritic 
cells, so there is no signal for activation of T cells (Pardoll, 2015). It was also found that innate 
immunity is reduced when the p53 gene is mutated (Spranger, 2016). Another pathway may be 
that innate immune cells such as macrophages or neutrophils begin to promote tumour 
progression. B lymphocytes can also promote tumour growth and, on the contrary, suppress the 
immune response, causing the immune system to collapse (Largeot et al., 2019). 

Until this happens, the process does not show any symptoms. By this time, the cancer is 
developed, and symptoms may appear. Tumour cells become invasive and malignant cancer 
cells (Hori & Gambhir, 2011). 

There are many limiting factors for a proper immune system response to a tumour. It also 
depends on the immunogenicity (ability of immune response) and variable immune system 
between individuals. Naturally, each type of cancer affects the body differently (Disis, 2010). 

3.4 Predisposition 

Predispositions in rabbits are not always known. It is most likely due to heredity and 
spontaneous mutation, and the environment does not often play such a strong role in the 
development of cancer (Tinkey et al., 2012). However, lifestyle (e.g., obesity) and the overall 
lack of welfare in rabbits can affect some cases or at least contribute to cancerous growths 
(Rioja-Lang et al., 2019). 

Different types of breeds may play a role in predisposition as well (Kershaw, 2016). For 
example, adenocarcinoma of the uterus is said to be common in the Dutch breed (van Zeeland, 
2017), and adenocarcinoma of the mammary gland in Belgian breed (Tinkey et al., 2012). 

Other predispositions are age and sex. Except lymphomas, tumours are usually more 
common in older rabbits (Bertram et al., 2021). After four years of life the chance of tumour 
occurrence increases significantly (Fox et al., 1971). For tumours of the reproductive system, 
both sexes can develop different types of cancer. Since uterine carcinoma is among the most 
common cancers in rabbits, females are more likely to be cancer patients — leaving the rabbit 
unneutered creates a significantly larger risk of cancer (van Zeeland, 2017). Paradoxically, 
neutered rabbits are more predisposed to developing thymoma (Bertram et al., 2021). 

As already mentioned earlier, viruses can also have a major influence on the development 
of cancer. One of the most known is a group of papillomaviruses (Tinkey et al., 2012). Cancer 
caused by papillomavirus is not determined by age but by when an individual becomes infected. 
Usually, cancer can develop a year or more after infection (Cladel et al., 2019). The infection 
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occurs through insect bites and is then transmitted by direct contact between rabbits (van 
Zeeland, 2017). Papillomavirus originates from wild rabbits and then it can also easily spread 
by direct contact to domestic rabbits (Shope & Hurst, 1933). 

In wild rabbits, the papillomavirus causes more benign tumours, and in domestic rabbits 
it is more common for malignant tumours, with a tendency to metastasize, to occur (Cladel et 
a l , 2019). 

As in humans, the papillomavirus causes warts in rabbits, however, they resemble horns 
and can appear all over the body. This rabbit virus is called Shope Papilloma Virus after Richard 
Edwin Shope who discovered it, or Cottontail Rabbit Papilloma Virus, because warts were 
found on cottontail rabbits (Shope & Hurst, 1933). Shope Papilloma Virus causes squamous 
cell carcinomas, which is a type of skin cancer formed from squamous epithelium (Brabb & Di 
Giacomo, 2012). The occurrence is mainly in the United States, where Cottontail rabbits are 
found (Kreider & Bartlett, 1981). 

The second virus that causes neoplasm in rabbits is the Rabbit (Shope) Fibroma Virus, 
also discovered by Richard Edwin Shope. This virus belongs to the Poxviridae family, which 
caused smallpox in humans (Cikanek et al., 2017). Shope Fibroma Virus also occurs in wild 
rabbits on the North American continent, but transmission to domestic rabbits is unusual. The 
virus is also transmitted by insect bites and causes cutaneous tumours (Kerr, 2020). First, the 
virus causes benign skin fibromas, which later lead to malignant tumours that metastasize (Von 
Bomhard et a l , 2007). 

In general, individuals who are immunodeficient, suffer from chronic inflammation, or 
the already mentioned infection with a certain type of virus have a higher risk of developing 
cancer (Palucka & Coussens, 2016). 

Picture 1 Warts causing by papillomavirus on rabbit 

Available from https://www.sfchroniclexom/opinion/openforum/article/What-HPV-rid 
us-about-16833717.php 
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3.5 Clinical symptoms 

As prey animals, rabbits barely show pain in their bodies, and seem to live with it easily. 
Recognizing any disease in pet rabbits by the symptoms is unusual and difficult; therefore, 
making a diagnosis in the early stages of cancer is almost impossible. Additionally, preventive 
health check-ups, such as blood tests and ultrasound, are not common. These types of 
examinations also mean putting the rabbit in more stressful situations, which can further 
complicate their health. However, checking rabbits at home by palpation of the abdomen, for 
example, can be helpful for some types of tumours (Vennen & Mitchell, 2009). 

Skin cancer has the most visible symptoms, since multiple growths can appear anywhere 
on the body (McLaughlin et al., 2021). 

Universal symptoms such as depression, loss of appetite and weight, and lethargy may 
occur, but these symptoms are very non-specific to any rabbit illness. Symptoms such as 
dyspnoea (shortness of breath) and haematuria (blood in urine) may point to a more specific 
tumour location in the body. In cancer, all these symptoms usually indicate a late stage, so the 
chances of healing are minimal. For example, dyspnoea can already be a sign of pulmonary 
metastases. Very few symptoms are present before metastases (van Zeeland, 2017). 

3.6 Diagnosis 

When the tumour is bigger, it may be detected by palpation, but it also means that the 
cancer is not in an early stage, and therefore possibly too late for undergoing a treatment. An 
enlarged lymph node can also signal cancer. Blood tests, especially to diagnose leukaemia or 
lymphoma can be helpful, but the results may not show the exact condition of the body such as 
organ function and, for example, an elevated leukocyte count can indicate any kind of 
inflammation in the body, not only cancer (Huston et al., 2012). 

Radiography (X-ray) and ultrasonography are the first and most common techniques to 
approach tumour diagnosis. It can already show metastases, most often in the lungs. Because 
of the air in the lungs, radiography can clearly show metastases; however, it is not effective in 
other organs. Sonography is more specific for the diagnosis of other metastases, for example, 
in the liver (Vennen & Mitchell, 2009). Nevertheless, these examinations are not sufficient 
because the result shows any mass, regardless of whether it is cancer or another benign tumour. 
Nevertheless, finding metastases indicates that it is most likely a malignant tumour. With these 
two methods, there is no need to anesthetize the rabbit unless is restless and stressed (King et 
a l , 2012). 

Calcification occurs when calcium salts in the body accumulate in organs or tissues. 
Calcium is always present in the body and is indispensable for cells. In cancer, calcium can be 
stored in tumour cells that are no longer able to regulate calcium level. This action can occur in 
some tumours and can easily be seen on radiographic examination (Shou et al., 2022). 

CT scan (computed tomography) and M R I (magnetic resonance imaging) are also options 
and can help diagnose the tumour in more detail (van Zeeland, 2017). However, it is worth 
considering whether it is beneficial subjecting such a small animal to several demanding 
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examinations, often putting them under anaesthesia. Another problem with these examinations 
can be financial inaccessibility (Borkowski & Karas, 1999). 

An exploratory laparotomy (abdominal surgery) can also be one of the easiest ways to 
make an accurate diagnosis, and then, if possible, the tumour can be removed directly (Reusch, 
2005). 

After finding a tumour in the body, cytologic test should be performed to determine if the 
tumour is benign or malignant (if sampling is possible depending on which part of the body the 
tumour occupied in the rabbit). It may be that the tumour tests is negative for malignancy, 
however, it can also be dangerous for a small rabbit, if a benign tumour grows into large spaces 
throughout the body (van Zeeland, 2017). 

Afterwards, if the results are positive for malignancy, a biopsy would be performed to 
diagnose the specific type of tumour and where it originates from (van Zeeland, 2017). 

Cytological and biopsy examination is harvesting a tissue sample from the tumour and 
having it examined by a specialist. Often a straight biopsy is done without cytological 
examination (Millward, 2020). 

3.7 Treatment 

If the tumour comes from a part of the body that can be removed, a surgical procedure is 
the first and fastest option for a rabbit (Kershaw, 2016). Removing organ, part of the organ or 
an amputation of the part of the body such as limb is probably the most effective solution. 
However, due to their fast metabolism, rabbits are very sensitive to anaesthesia, and mortality 
during the surgery is quite common. In sick and older rabbits, the risk of danger during 
anaesthesia is higher. Nevertheless, this is not a rule and sometimes even a young healthy rabbit 
cannot handle the surgery during a common procedure such as castration (Borkowski & Karas, 
1999). There is also a high risk of mortality after surgery, and it often happens that the rabbit 
survives the anaesthesia but dies after a few days from post-operative complications and poor 
body condition (Lee et al., 2018). 

For tumours which cannot be removed, or metastases already spread through many parts 
of the body, chemotherapy is a good option. Chemotherapy is medical therapy using chemical 
substances. However, in rabbits a chemotherapy is not yet so obvious and it is probably non­
specific to rabbits but the same as for dogs and cats, so rabbit owners often refuse chemotherapy 
for this reason. Chemotherapy can have many side effects such as toxicity, anaemia, lethargy, 
weight loss, and organ inflammation, mostly in the gastrointestinal tract (Huston et al., 2012). 
However, compared to humans, chemotherapy is given to animals in smaller doses, so side 
effects are less frequent, but it can also mean that the treatment does not work at all (Lawrence 
et al., 2015). While in humans chemotherapy is usually injected directly into a vein, in rabbits 
there is a frequent alternative in the form of a pill, allowing for less stress on the rabbit and 
fewer veterinary visits. Minimal side effects have been reported in a few cases. However, there 
are still not enough studies on prognosis or effective chemotherapy for rabbits (Hong et al., 
2023). 

For some cancers (e.g., lymphoma), radiation therapy is the best alternative, but again 
with possible side effects (van Zeeland, 2017). 
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Corticoids can sometimes be added during a treatment such as radiation to reduce 
inflammation and minimizes side effects. If no other treatment is possible, corticoids can slow 
the growth of the tumour and thus extend the rabbit's life (Palmer et al., 2021). 

It is always necessary to consider whether the rabbit's suffering due to these treatments 
is worth the end result. Special treatments such as chemotherapy for rabbits often require 
traveling long distances (even to another country), which is stressful for the rabbit and likely 
not worth it because it requires anaesthetizing the rabbit for each treatment. The treatment also 
comes at a high price, which unfortunately not every rabbit owner can afford. For such a small 
and sensitive animal, euthanasia is sometimes the best solution to prevent further suffering of 
the rabbit (van Zeeland, 2017). In many cases, tumours have been shown to return over time 
(Huston et a l , 2012). 

3.8 Tumours in rabbits 

3.8.1 Uterine adenocarcinoma 

Uterine carcinoma is the most common tumour in female rabbits (and in all rabbits in 
general). Higher risk increases with age (Walter et al., 2010). 

One advantage of this type of cancer is that rabbits can be protected by neutering (van 
Zeeland, 2017). Rabbits intended for breeding are, of course, neutered after the reproductive 
period. For the best prevention, neutering should be performed at the age 2 - 3 years. The risk 
of uterine adenocarcinoma increases rapidly after 3 - 6 years of age. The prevalence can be 
even up to 75% (Bertram et al., 2021). There is still a probability that tumour appears at a 
younger age, but that is rather unlikely (Vinci et al., 2010). 

Pseudopregnancy in female rabbits may play a role in developing uterine 
adenocarcinoma. Rabbits act like they are pregnant, but no foetus is present. This condition is 
common in female rabbits (Chan & Vella, 2013). Pseudopregnancies stimulate sex hormone 
(oestrogen and progesterone) at a time when these hormones should not be produced in such 
quantities (Vinci et al., 2010). 

Uterine cancer symptoms can be more visible and specific from other tumours. Vaginal 
discharge and haematuria may be present, but like most cases of cancer in rabbits, there are no 
symptoms in early stages (Heatley & Smith, 2004). 

The diagnosis can be established by ultrasonography, radiography, or laparotomy as the 
last possibility. Palpation of the enlarged uterus may help as well, since fluid in the uterus may 
be present (Sommerville, 1998). 

The prognosis is quite good, and the most effective treatment is ovariohysterectomy, 
which is the surgical removal of the uterus and ovaries (Kershaw, 2016). However, if the 
metastases have already spread, the prognosis is always poor. Uterine adenocarcinoma appears 
to be one of the most aggressive and rapid malignant tumours for metastatic spread (Bertram et 
al., 2021). The lungs are the first most commonly affected organ by metastases (Kershaw, 
2016). 
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3.8.2 Lymphoma 

Malignant lymphoma is the second most frequent type of cancer in rabbits (van Zeeland, 
2017). As already stated, lymphoma has the highest prevalence in younger rabbits, most often 
around 2 - 4 years of age regardless on sex (Bertram et al., 2021). In wild rabbits, it has also 
been found that lymphomas can be caused by viral integration. Specifically, a virus from the 
group of herpesviruses has an effect on the stimulation of the lymphatic organs (Hinze, 1971). 

Autosomal recessive inheritance can also be a predisposition to the development of 
lymphoma. This means that two copies of inherited genes on non-sex chromosomes cause the 
disease to develop (Volopich et al., 2005). 

Lymphoma occurs as a mass in the lymph nodes and the lymphatic organs. Nevertheless, 
it can happen in any organ or part of the body, since lymph nodes are all over the body (Bertram 
et al., 2021). The most frequent type is multicentric lymphoma, which means lymphoma of the 
lymph nodes (Huston et al., 2012). 

As the appendix is also a lymphatic organ, a lymphoma can appear in it as well but rarely 
as a primary organ. It is worth noting that the appendix has a much more important digestive 
function in rabbits than in most mammals, including humans. The liver, spleen, kidneys, and 
lymph nodes are much more common primary organs for developing lymphoma (Ishikawa et 
al., 2007). However, the gastrointestinal tract has also been reported as the primary organ since 
the lymphatic tissue is part of the gastrointestinal tract (van Zeeland, 2017). 

When later-stage masses metastasize to more places of the body, it is difficult to diagnose 
where the primary lymphoma originates (Bertram et al., 2021). Lymphomas spread throughout 
the lymphatic system. Lymphomas can either be rarely cutaneous and ocular. Ocular lymphoma 
can very likely be caused after some ocular injury or ocular disease (Keller et al., 2019). 
Cutaneous lymphomas appear in the form of nodules and can be accompanied by alopecia and 
crusts (van Zeeland, 2017). 

As in humans, B-cell lymphoma is one of the most commonly seen in rabbits (Bertram et 
al., 2021). Thymic lymphoma, which is less common case, originates from T-cell lymphocytes. 
Unlike in humans, the thymus in rabbits does not atrophy with age and can even enlarge (Huston 
et al., 2012). Lymphocytes are usually in the same stage of maturity and not usually completely 
mature (Gomez et al., 2002). 

Symptoms like lethargy and anorexia are not always specific (Robertson et al., 2022), and 
enlarged palpable nodes may be present (Huston et al., 2012). Only in the eye and cutaneous 
lymphomas can visible symptoms help in earlier diagnosis (Robertson et al., 2022). Difficulty 
breathing may be a sign of thymic lymphoma. With thymic lymphoma, chylothorax (chylous 
occurring in thorax) may be present. Chylous is composed of lymph and fats. Lymph is a 
normally occurring fluid of the lymph system contained by lymphocytes. Occurrence of lymph 
in the thorax is a serious condition that is not so common in rabbits, but more in cats and dogs, 
for example (Pilny & Reavill, 2008). 

Blood tests can also show anaemia, radiograph shows the mass, and ultrasonography can 
help to indicate enlarged lymph nodes. If sonography shows only a mass, a CT scan can help 
distinguish whether it is lymphoma or a benign tumour (Volopich et al., 2005). A biopsy 
recognizes a specific type of lymphoma (Robertson et al., 2022). 
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Cutaneous lymphomas can be surgically removed (Ritter et al., 2012), and other 
lymphomas can be treated by radiotherapy or chemotherapy (Pilny & Reavill, 2008). 
Nevertheless, prognosis is in most cases poor (Ishikawa et al., 2007). 

3.8.3 Thymoma 

Malignant thymoma is an epithelial tumour of thymus, but diagnosis can be easily 
confused with thymic lymphoma (Pilny & Reavill, 2008). While lymphoma consists only of 
lymphocytes, thymoma also contains extra epithelial cells. Thymoma is originated from T-cell 
lymphocytes and lymphocytes are usually mature (van Zeeland, 2017). 

Unlike a thymic lymphoma, thymoma occurs more in older rabbits, and neutering may 
increase the probability of occurrence (Bertram et al., 2021). Another predisposition may be an 
immune disorder (Tinkey et al., 2012). Thymoma is also more frequent than thymic lymphoma 
(Huston et a l , 2012). 

Unlike other cancers, thymomas and lymphomas are more likely to be genetically 
inherited (Volopich et al., 2005). 

Thymoma can metastasize to the organs of the thorax and abdomen, but it is not so 
common as lymphomas (van Zeeland, 2017). 

Symptoms like respiratory problems and diagnosis results by, for example, radiography 
can be very similar to thymic lymphoma. Samples are needed to be biopsied to differentiate the 
type of cancer (Bertram et al., 2021). 

Another difference is that thymoma can be surgically removed, so the prognosis may be 
better than in lymphomas (Pilny & Reavill, 2008). Radiation was found as a good therapy for 
thymomas. However, the chance of side effects is high, and recurrence of the tumour is also 
likely (Huston et a l , 2012). 

Very similar and easily confused with thymoma can be thymus carcinoma, which, 
however, does not originate from lymphocytes, but from the glandular epithelium of the thymus 
and is less common. Visible symptoms in one reported case were protruding eyeballs 
(exophthalmos) and fluid in the chest (hydrothorax), and kidney metastases followed (Wagner 
et a l , 2005). 

Both tumours, thymoma and thymic carcinoma are classified as tumours of the thymic 
epithelium (Tartarone et al., 2023). 

3.8.4 Leukaemia 

Leukaemia is rare in rabbits but can be associated with lymphoma. Leukaemia includes 
two types, lymphocytic and myelogenous. As in humans, leukaemia in rabbits can be acute or 
chronic. 

Lymphocytic leukaemia (also called lymphoid or lymphoblastic) targets T lymphocytes 
and myelogenous leukaemia targets myeloid cells, which are also blood cells (not lymphocytes) 
and originate from bone marrow. Both types can occur in rabbits, with lymphocytic being more 
common (Moore et al., 2015). 

18 



In lymphocytic leukaemia, cancer cells are always present in bone marrow (where they 
originate) and can by also in lymph nodes or spleen (Huston et al., 2012). 

Lymphocytic leukaemia and lymphoma arise from immature T lymphocytes, but 
leukaemia originates in the bone marrow and lymphoma in the lymph nodes. Another difference 
is that leukaemia metastasizes through the blood system and lymphoma through the lymphatic 
system. In the presence of lymphoma, the leukemic phase can occur (Robertson et al., 2022). 
This means that the malignant lymphocytes of lymphoma arise in the bone marrow and spread 
in the blood system, just like lymphocytic leukaemia. Therefore, lymphoma can easily be 
confused with leukaemia as well (Pires et al., 2016). 

The cause, symptoms, diagnosis, and treatment of leukaemia are almost exactly the same 
as lymphoma (Guillerman et al., 2011). 

3.8.5 Mammary adenocarcinoma 

Mammary carcinomas are also among frequent tumours in female rabbits and 
adenocarcinoma is the most prevalent. The tumour is most common around four or five years 
of life and female rabbits must be spayed at an early age to prevent mammary adenocarcinoma 
(Schoniger et al., 2019). However, it is proven that male can also have mammary 
adenocarcinoma. Different breeds may play a role (Bertram et al., 2021). 

Four pairs of mammary glands arranged in two lines are composed of epithelial cells. 
Like in the uterus, mammary glands are affected by hormones thus pseudopregnancy may have 
the same impact for developing mammary adenocarcinoma. Multiparity (multiple offsprings at 
one birth) and more pregnancies during the life also increase the likelihood of adenocarcinoma. 
Frequent lactation has an effect on another female hormone prolactin, and it then affects the 
occurrence of the tumour (Schoniger et al., 2019). Mammary and uterine adenocarcinomas may 
be then related to each other (Bertram et al., 2021). When mammary adenocarcinoma is found, 
uterine adenocarcinoma is also often diagnosed, or adenocarcinoma in mammary glands may 
be a metastasis of the uterine carcinoma (Vennen & Mitchell, 2009). When carcinoma 
originates in the mammary glands, spreading to other organs is also likely (Summa et al., 2014). 

It has been proven that the precursor of mammary adenocarcinoma can often be a benign 
cystic lesion. Genetic inheritance may play a role for developing adenocarcinoma as well 
(Schoniger et al., 2019). 

The mammary glands are enlarged, and the tumours may be palpable. Discoloration of 
the teats and a milky discharge may also be present (Tinkey et al., 2012). 

Mammary tumours can often be benign lesions, so it is important to perform a cytology, 
however, as already mentioned, a benign tumour of the mammary gland often turns malignant 
over time. 

Surgical removing of mammary glands is necessary for treatment, and it is the most 
effective way to avoid metastases. Because of the relation between the mammary glands and 
the uterus, ovariohysterectomy is recommended. If surgery is not possible or the tumour has 
already metastasized, hormone therapy slows tumour growth. Radiation or chemotherapy are 
always an option for a chance of cure (Summa et al., 2014). 
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3.8.6 Testicular malignant tumours 

Testicular tumours are rarer, but interstitial cell tumours are the most common type 
(Alexandre et al., 2010). Interstitial tumours originate from Ley dig cells (testicular cells 
producing testosterone). Other testicular malignant tumours were reported, such as testicular 
adenocarcinoma, Sertoli cell tumour or seminoma, which originates from germ cells (Irizarry-
Rovira et a l , 2008). 

Older and unneutered males are the high-risk patients. Cryptorchidism, which is known 
as undescended testicles at the right age, also increases the risk (Alonso, 2022). 

Symptoms can appear as enlarged testicles, which is a visible sign, and the chance of 
recovery could be higher than most other tumours (Tinkey et al., 2012). 

Testicular tumours are easily visible and palpable, ultrasonography may be enough for 
examination. Treatment is surgical removing (castration). Even if it is a benign mass, the rabbit 
should undergo the surgery anyway and the examination of the sample can be done afterwards 
(Alonso, 2022). 

The prognosis is relatively good with a high chance of recovery. Another reason for the 
better prognosis is that testicular tumours do not have such a tendency to metastasize. When it 
does metastasize, it is most often to the lymph nodes (Banco et al., 2012). 

3.8.7 Adrenal carcinoma 

Adrenal glands are a pair of glands located above the kidneys that have an important 
function in the producing specific hormones. Carcinoma of adrenal glands is rare and may occur 
more as a secondary organ of metastasis (Heatley & Smith, 2004). 

Adrenal carcinoma is more common in older neutered rabbits, since the castration leads 
to higher production of testosterone hormone in adrenal glands, and this promotes the 
development of carcinoma. Testosterone is a sex hormone that plays an important role in the 
male reproductive tract, so the occurrence of adrenal cancer is more common in males, but 
testosterone is present in the female body as well but in small amounts (Baine et al., 2014). 

Adrenal cancer may develop aggressive (e.g., attacking and biting people) and sexual 
behaviour in rabbits. In later stages it may be palpable in the abdomen (Lennox & Chitty, 2006). 
Metastases are possible (Tinkey et al., 2012). 

Sonography and analysis of hormone concentration show the results (Baine et al., 2014). 
Drug therapy to reduce sex hormones is the best solution. Surgical removal of the adrenal glands 
is possible too, but it is more complicated due to the placement of the glands in the body and 
their connection to the veins and other organs. Thus, the rabbit's behaviour is likely to reappear 
(Lennox & Chitty, 2006). 

3.8.8 Sarcomas 

As mentioned in chapter 3.3.2., sarcomas are malignant tumours arising from connective 
tissue cells. Most of sarcomas originate in the musculoskeletal system. They are often locally 
aggressive or metastasize frequently. It is likely that due to aggressive growth, the sarcoma will 
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grow into the surrounding tissue. For example, a sarcoma from the surrounding muscle that is 
around the lungs, will grow over time into the lungs. 

According to the distribution of connective tissue, this diverse group is divided into many 
other tumours (Vodanovich & Choong, 2018). They appear anywhere on the body in the form 
of various lumps or bumps. In general, the most common sarcomas tend to be from soft 
connective tissue, such as muscles, fat, vessels and nerves. Predispositions may be infection 
from the external environment and inflammation, and more males have been noted (Park et al., 
2016). 

3.8.8.1 Bone sarcomas 

Osteosarcoma, a bone sarcoma, may be more frequent than other sarcomas, but it is still 
rare. No gender or breed predisposition were reported, only a predisposition to older age, as is 
usually the case (Heatley & Smith, 2004). 

Osteosarcoma can appear anywhere on the skeleton, most commonly in the limbs or skull. 
However, osteosarcomas of the joints or spine have also been reported (Stans, 2023). 
Osteosarcoma does not tend to metastasize as much as other tumours, but it is more likely to be 
locally aggressive and grow on its own through the bone. If it metastasizes, then most often to 
the lungs, and there are often micrometastases that are not caught by the radiograph (Kondo et 
a l , 2007). 

Depending on the location, specific symptoms such as lameness or swelling are present 
(Ishikawa et al., 2012). Sometimes subcutaneous masses occur with or without the presence of 
osteosarcoma, which is very rare, because they are not connected to any bone. This is called 
extraskeletal osteosarcoma and it metastasizes more (Wijesundera et al., 2013). 

With the help of radiography, a tumour can be easily found on the bones, but it can easily 
be confused with a benign growth. The radiography also helps with the diagnosis of pulmonary 
metastases. 

Limb amputation is the best and most effective solution, but if it is on the skull, surgery 
is not possible, and its rapid aggressive growth is fatal. Chemotherapy is helpful if the 
osteosarcoma grows into the surrounding bones and amputation of this additional part is no 
longer possible. It can also prevent overlooked metastases. However, it was reported that a 
rabbit died a few days after amputation because the micrometastases in the lungs were not 
visible by radiography, so no additional treatment such as chemotherapy was applied (Higgins 
etal , 2015). 

Chondrosarcomas are sarcomas arising from cartilage. Cartilage is an avascular and 
flexible connective tissue formed from chondrocyte cells. Compared to osteosarcoma, it is 
much rarer. Chondrosarcoma is mainly found in bones, but exceptionally it can also be found 
in soft tissue (Gazendam et al., 2023). 

Chondrosarcomas can be palpable on the bones and the rabbit is very likely to be lame 
and in pain, and there is a high probability of lung metastases. Treatment other than surgical 
removal and amputation has not been reported for chondrosarcomas (Garcez, 2009). 

Intraocular chondrosarcoma has been reported as a post-traumatic sarcoma. The rabbit 
was previously infected with Encephalitozoon cuniculi, a parasite that most commonly attacks 
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the brain. It is most likely believed that this infection was a predisposition to chondrosarcoma 
(Mikiewicz et al., 2020). 

3.8.8.2 Liposarcoma and fibrosarcoma 

Liposarcomas and fibromas originate from soft tissue sarcomas. Liposarcomas grow from 
fat cells and fibrosarcomas are from fibrous connective tissue, therefore from tendons and 
ligaments (Zafar & Wheeler, 2023). 

Both sarcomas have a similar incidence and characteristics, but fibrosarcomas appear to 
be more common than liposarcomas and are more widely described (Baum, 2021). 

They do not tend to metastasize so much as to grow locally into surrounding tissues and 
organs (Zafar & Wheeler, 2023). 

For both liposarcoma and fibrosarcoma, it is possible that the predispositions are various 
injuries or viral infection (Von Bomhard et al., 2007). There is also speculation as to whether 
vaccination could have any effect on the development of these types of sarcomas. In some cases, 
the sarcoma appeared in the same place where the needle was inserted (Petterino et al., 2009). 

Fibrosarcomas are recorded mainly in old rabbits after seven years of life (Baum, 2021). 
Both sarcomas can occur anywhere on the body, wherever there are tendons, ligaments 

or adipose tissue. The most often they have been recorded on the limbs and thorax, where there 
was no other option than palliative treatment. If it is located on a limb, the best solution is again 
amputation (Von Bomhard et al., 2007). 

If they are cutaneous or subcutaneous, they are easily palpable, and the diagnosis can be 
made in time. Other visible symptoms, including lameness, pain during movements or hair loss 
at the site of the tumour, can be helpful too (Heatley & Smith, 2004). 

Both types of sarcomas have a great predisposition to reappear in the same place and 
grow to a larger size. If an amputation has already been performed, the patient is more inclined 
to palliative care (Petterino et al., 2009). 

3.8.8.3 Muscle sarcomas 

Leiomyosarcoma is a smooth muscle tumour, so it can occur in any organ in the body 
(Park et al., 2020). Sarcomas have been reported in elderly individuals in the intestine, stomach, 
and uterus. Since smooth muscle is also contained in the skin, cutaneous leiomyosarcomas have 
also been reported. Leiomyoma, a benign form, is more common in rabbits, however, 
leiomyoma has not been reported to be a precursor to leiomyosarcoma (Tinkey et al., 2012). 

In uterine leiomyosarcoma, haematuria may be present and thus the tumour may be easily 
confused with uterine adenocarcinoma. However, an ovariohysterectomy is required anyway 
(Park et al., 2020). Uterine leiomyosarcoma is the second most common malignant tumour of 
the uterus (Murakami et al., 2024). 

Rhabdomyosarcoma arises from skeletal muscle (myocytes cells) and is less common 
than leiomyosarcoma. It can occur all over the body and since the muscles are located under 
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the skin, it is easily palpable. Tumours were noted on both the limb and the abdomen and grew 
rapidly (Park et al., 2016). Metastases were noted not in the organs, but subcutaneously 
throughout the body (Von Bomhard et al., 2007). 

3.8.8.4 Myxosarcoma 

Myxosarcoma originates from fibroblasts and can form anywhere in the connective tissue. 
Another characteristic of myxosarcoma is that it contains a myxoid matrix. Myxoid means that 
the tissue has a high content of specific polysaccharides. Fibroblasts are most often found in 
the skin. A benign form, myxoma, occurs in rabbits in the heart and can eventually become a 
malignant myxosarcoma. Myxosarcoma most often occurs subcutaneously (Das et al., 2022). 
Not one of the recorded cases of myxosarcoma was female and this sarcoma appears to be the 
most sex-specific (Von Bomhard et al., 2007). In rabbits, myxosarcoma is mainly caused by 
Rabbit Shope Fibroma Virus (chapter 3.4) (van Zeeland, 2017). 

3.8.8.5 Hematopoietic sarcoma 

Hemangiosarcoma is formed from endothelial cells, which are on the inner surface of 
blood vessels. It can occur in blood vessels anywhere in the body, so for example in any organ 
and under the skin. Since the tumour is already in the blood vessels, metastases are highly 
expected and have been reported in several organs, even in the heart. Most primary 
hemangiosarcomas have been reported in the liver (Guzman et al., 2000). Hemangiosarcoma in 
the uterus was recorded, which progresses in exactly the same way as any other uterine 
neoplasm (Murakami et al., 2024). 

Blood clots and internal bleeding can be a symptom; however, these signs can only be 
proven at autopsy. Chemotherapy is recommended as treatment, but surgical excision, which 
means removing the tissue, is also possible (Heatley & Smith, 2004). 

3.8.9 Skin malignant tumours 

Melanoma is a very aggressive skin tumour originated from melanocytes, skin cells 
producing pigment melanin (Liu & Sheikh, 2014). Melanoma in rabbits is most often located 
on the head, and studies have confirmed that melanomas are more common in males. Melanoma 
has been reported on the eyelids and scrotum as well. As in humans, this aggressive tumour 
metastasizes very quickly, most often to the lungs, liver, kidney, spleen, or lymph nodes. It is 
therefore very important to carry out further examinations to check for organ metastases (Baum, 
2021). 

Melanoma is easy to notice, as it usually appears as a black growth, eventually with ulcers 
or necrosis (dead tissue) (Abbate et al., 2023). Melanoma can also be amelanotic. This means 
that melanoma does not contain pigment and therefore is likely to be overlooked. However, due 
to the size of the body and animal's hair, amelanotic melanoma is a bigger problem in humans 
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than in rabbits. When the pigmentation level is low, it can also be easily confused with sarcoma, 
so a biopsy is needed (Ueda et al., 2018). 

Melanoma can also be locally aggressive, which means that it does not necessarily 
metastasize, but it grows and spreads very quickly in the local place where the melanoma first 
started (van Zeeland, 2017). 

As in humans, the appearance of melanoma can be caused by frequent U V exposure and 
therefore melanomas occur in rabbits mainly on the head, where there is less hair. The 
occurrence of melanoma has also been confirmed in wild rabbits (Abbate et al., 2023). 

Since melanoma is one of the most aggressive tumours, the prognosis is poor and without 
overall treatment of metastases with chemotherapy, the chance of survival is small. The 
advantage, however, is that melanoma is easy to notice, so there is still a chance that the 
diagnosis would be made early (Liu & Sheikh, 2014). 

Squamous cell carcinoma tends to be more locally aggressive, but metastases are also 
possible. The presence of papillomavirus (chapter 3.4) is often the cause of this type of skin 
carcinoma. The research also showed that neutered rabbits were more frequent patients, and the 
age does not matter (McLaughlin et al., 2021). If squamous cell carcinoma metastasizes, it is 
very common to be spread to lymph nodes and then also to the lungs (Brabb & Di Giacomo, 
2012). 

It is very common for rabbits to have a skin tumour, but in most cases, it is not a cancer 
but a benign lesion (Abbate et al., 2023). 

Depending on the location of the malignant tumour, surgical removal may be considered. 
However, due to the high frequency of aggressive growth and metastasis, chemotherapy or 
radiotherapy is needed. Recurrence of melanoma is also possible. In most cases, skin cancer in 
rabbits is fatal (Brandao et al., 2015). 

3.8.10 Other primary neoplasia 

Other organs not yet mentioned are more common for secondary metastases than as a 
primary origin of a malignant tumour. However, a few cases have been reported. 

Renal neoplasia was rarely recorded as renal adenocarcinoma, renal nephroma and 
urinary bladder leiomyoma (Vennen & Mitchell, 2009). Kidney tumours were more often 
recorded in laboratory rabbits, so the diagnosis was made postmortem, but the tumour could be 
recognized by palpation. If only one kidney was affected, it could be operated on. Nevertheless, 
the prognosis is poor in terms of difficult treatment of a vital organ and the likelihood of 
metastases (van Zeeland, 2017). 

The lungs, being the main and most common organ for metastases, can also be the primary 
organ with cancer, but very rarely (Vennen & Mitchell, 2009). The symptoms are the same as 
for the symptoms of metastases, thus dyspnoea and lethargy. Diagnosis and treatment are 
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therefore also similar, but it is necessary to check other organs for reasons of metastases and to 
confirm that the tumour originates primarily from the lungs (van Zeeland, 2017). 

Rarely, the tumour can also appear in the upper respiratory tract, so the symptom can be, 
for example, nasal discharge (Baum, 2021). 

The liver, as a lymphatic organ, is more often associated with lymphoma than with 
carcinoma. Bile duct carcinoma has been reported rarely, but the liver itself tends to produce 
more benign tumours. Hepatic angiosarcoma was noted. Angiosarcoma originates from the wall 
of blood vessels (Tinkey et al., 2012). 

In rabbits, the liver is very well hidden behind other organs, so it can be difficult to see 
where the tumour is originally growing from. Sonography can help determine if the tumour 
originates from the liver (van Zeeland, 2017). 

Pancreatic adenocarcinoma has also been recorded, which had a very similar course to 
liver cancer (Bertram et al., 2021). 

Carcinomas have also been recorded in the gastrointestinal tract, but again the 
development of lymphoma in gastrointestinal organs is more common. Adenocarcinoma can 
arise in stomach or colon. Symptoms may include diarrhoea, loss of appetite and weight 
(Reusch, 2005). 

Brain tumours are most commonly found as neurofibrosarcoma, sarcoma arising from 
peripheral nerves, or glioblastoma, glial cells in nervous system. Schwannoma (composed of 
Schwann cells) or ependymoma (formed in fluid-filled spaces) are benign in most cases, but 
malignancies have rarely been reported. Tumours can also occur in the spinal cord or eyes 
(Baum, 2021). 

Symptoms are more specific and include seizures or paralysis. Surgery is not possible due 
to the location and radiation therapy is usually unsuccessful (van Zeeland, 2017). 

3.9 Oncological case studies 

3.9.1 Mammary carcinomas 

Rex female rabbit Paris, a purebred with good lifestyle and physical condition. Paris was 
pregnant once, at the age of 1.5. Three years after pregnancy (after the fourth year), the owner 
found fluid in the mammary gland and took Paris immediately to a veterinarian. She was 
examined by a sonograph. An enlarged uterus was detected, but no signals of a tumour or 
cancerous changes. On the same day, Paris underwent an ovariohysterectomy for future 
prevention. 

At the age of 6.5, the owner found a small tumour on one mammary gland. A biopsy was 
performed, and the result came back as carcinoma. 
As Paris was already in old age, the veterinarian did not recommend any treatment for cancer, 
and when surgery was considered, the tumour had spread throughout the mammary glands, so 
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the complete removal was not even possible and the chances of a rabbit surviving such a 
difficult operation at that age are risky (Lee et al., 2018). 

Paris got supportive treatment such as immune supports and antibiotics. She began to lose 
her appetite and weight and became more apathetic. She was almost seven years old. 
Paris lived another year with worsening conditions. The tumours later began to enlarge and 
bleed, as seen in the Picture 3. Paris died at the age of eight by euthanasia as a decision of the 
owner, because her life started to be painful and unpleasant for her. 

There may be a link between an enlarged uterus and mammary carcinoma. It is very likely 
that her pregnancy and late hysterectomy led to an increased risk of developing a tumour caused 
by sex hormones. An enlarged uterus can be uterine hyperplasia, which means that there is an 
increased production of cells, and this condition is also affected by hormones and mammary 
gland carcinoma is also associated with it (Degner et al., 2018). 

Picture 2 Examination of Paris with less visible tumours of the mammary glands, Prague, on February 16, 2023 

Source: Barbora Žáčkova 

Picture 3 A tumour in an advanced stage when it ruptured and bled, Prague, on May 5, 2023 

Source: Barbora Žáčkova 
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A six-year-old female dwarf rabbit was undergoing spaying. During this occasion, the 
carcinoma on the mammary gland was also removed, which was already quite large, but had 
not spread over the entire mammary glands like in Paris's case, did not burst, and probably did 
not cause further damage. The tumour was removed without any problems during spaying and 
the rabbit continues to live. 

Picture 4 A female rabbit before removal of the mammary carcinoma, Czech University of Life Sciences, 
2023 

Source: Ing. Kateřina Zadinová, Ph.D. 

Picture 5 Mammary carcinoma successfully removed from female rabbit, Czech University of Life 
Sciences, 2023 

Source: Ing. Kateřina Zadinová, Ph.D. 
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3.9.2 Uterine adenocarcinomas 

A four-year-old unneutered mix female bred for sudden haematuria arrived urgently at 
the vet. The enlarged uterus was palpable, and the owner refused further examinations such as 
blood tests, radiography, or sonography due to the high costs. The rabbit therefore immediately 
underwent a laparotomy, during which the enlarged uterus with adenocarcinoma was 
confirmed, and a hysterectomy was subsequently performed immediately. 

A three-year-old unneutered female was undergoing a preventive check-up and 
vaccination. Then, as a precaution and due to the rabbit's age, hysterectomy was performed. 
During the surgery, an adenocarcinoma of the uterus was found without any of the symptoms 
the rabbit was showing. 

Picture 7 Uterus successfully removed from female rabbit, Czech University of Life Sciences, 2023 

Source: Own resource 
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Both surgeries of the rabbits took place without complications, even considering their 
older age. Other complications and metastases with them were not reported. 

3.9.3 Sarcoma 

Borůvka is a male crossbred from the pet shop. At the age of five months, the owner 
found a tumour on his upper part of the left front limb. The veterinarian diagnosed it as an 
abscess and put Borůvka on antibiotics. The veterinarian was also sure that this could happen 
after vaccination, but it is important to point out that the first abscess appeared before Borůvka's 
first vaccine. A few months later, Borůvka was castrated, so the abscess was immediately 
surgically removed so that the rabbit would not be exposed to anaesthesia multiple times. The 
veterinary did not do a cytology. In a month, the abscess appeared again in the same place. 
Borůvka was treated for an abscess for over a year. Borůvka started to be in pain and the result 
was not getting better, so Borůvka got sepsis (an infection throughout the body). The owner 
changed to a different veterinarian. 

Another veterinarian diagnosed outright as fibrosarcoma, which is a locally aggressive 
tumour and tends to reappear (Wright et al., 2023). The veterinarian also did not do a biopsy 
because he had a lot of experience with fibrosarcoma in rabbits. Around the age of two, Borůvka 
underwent a surgery in which the tumour with part of the muscle was removed (Picture 8). In 
a few months, the sarcoma reappeared again, so Borůvka's entire front limb was amputated. 
Within six months, the sarcoma in the amputated part of the muscle began to grow again. This 
means that the tumour must have already spread into the surrounding tissue. A fourth surgery 
was required and this time all the muscles, which remained after the amputated limb, were 
removed. However, the tumour reappeared very quickly and since it was not possible to remove 
the muscle and only the skin remained, surgery was no longer an option. 

Borůvka is now almost four years old. He is in palliative care and only receives pain 
medication. So far, he is cheerful and seems to be pain free thanks to the medicine. The owner 
refused chemotherapy due to possible side effects. Nevertheless, in time the owner will see if 
chemotherapy is reconsidered. 

Signs of metastasis are not yet known, but Borůvka has never undergone any further 
examinations. Since this type of tumour tends to be more locally aggressive, there is a chance 
that there are no metastases. However, due to the rapid growth of the tumour locally, there are 
great fears that it will soon grow into the lungs (Yiallouros & Kube, 2010). 

It cannot be confirmed that it is indeed a fibrosarcoma, given that the veterinarian never 
did a biopsy. It could also be another soft tissue sarcoma. 
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Picture 9 A completely amputated limb after healing, Prague, on March 13, 2023 

Source: MUDr. Anna Burantovd 

3.10 Differential diagnosis of tumours 

Many benign lesions are easily confused with cancer. Radiography or sonography usually 
show any mass, but it cannot be more specific when the tumour is not examined cytologically. 
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3.10.1 Benign tumours 

Benign tumours are also characterized by abnormal cell growth caused by mutations, 
except that the cells of a benign tumour are not different from the original cells in the body. 
Benign tumours never metastasize to other tissues and organs and tend to grow slowly (Boutry 
et a l , 2022). 

Benign tumours do not receive as much research attention due to their lesser threat, but 
differences between malignant and benign tumours are allegedly explained by lacking specific 
genetic mutations during benign tumour formation or a mutation occurs in a gene that does not 
cause cancer. It is known that benign tumours are generally caused by fewer mutations, and 
they do not lead to more mutations, as is standard for malignant tumours (Wang et al., 2016). 

Lipoma, a benign tumour of fat cells, can grow anywhere in the body. It is mostly under 
the skin, but it is not ruled out that it can also appear in the body cavity. Lipomas are more 
common in older rabbits (Millward, 2020). 

Lipomas usually grow slowly, but if they grow rapidly, they could compress a part of the 
rabbit's body and possibly result in a fatality (www.crossriggsvets.co.uk, 2023). 

It is important to note that lipomas are not precursors to liposarcomas. There is no chance 
to develop into cancer. Nothing is ever out of the question, but it is very unlikely (Zafar & 
Wheeler, 2023). 

Treatment is usually not necessary until the location of the lipoma becomes 
uncomfortable for the rabbit, then, if possible, the tumour can be surgically removed. The only 
threatening factor is their size (www.crossriggsvets.co.uk, 2023). 

It can be the same with a fibroma (it does not mean the Shope fibroma), a benign tumour 
of fibrous tissues. However, it was recorded in rabbits rather as a fibrolipoma (Baum, 2021). 

Adenomas are benign tumours of glandular epithelium. Adenomas have been recorded in 
rabbits more than lipomas, most often in the mammary glands, adrenal glands, and the bile duct 
(Bertram et al., 2021). Adenomas are slightly more likely to turn into a malignant tumour over 
time (Hall, 2015). 

Leiomyoma, a benign tumour arising from smooth muscle, has been reported in the uterus 
and gastrointestinal tract of rabbits. 

Haemangioma, a benign tumour of blood vessels, was noted on the ovary (Baum, 2021). 
It rarely occurred on the lungs, leading to dyspnoea and the rabbit died (Kandefer-Gola et al., 
2022). 

3.10.2 Own case study 

A male crossbred rabbit, Franz Joseph I, developed a lump on his nasal bone at the age 
of five. At first, the veterinarian suspected overgrowing teeth and examined Franz Joseph I with 
radiography. An X-ray showed a new growth, so the veterinarian directly said it is an 
osteosarcoma. The veterinarian did not want to make another examination and just said that it 
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will grow fast, and the rabbit does not have much time for survival. Surgery was not possible 
due to the area of placement on the skull. An owner had to ask for a cytology, and the result 
came back as harmless lipoma. Over time, the lipoma became smaller, and never threatened 
Franz Joseph's life. 

Picture 10 Franz Josef I with stitches after cytological examination, Prague, on April 13, 2021 

Source: Own resource 

3.10.3 Abscesses 

As mentioned in the case in the chapter 3.9.3., the sarcoma went undiagnosed for almost 
a year because of the ever-growing abscesses. However, it is not known whether the tumour 
was simply mistaken for an abscess, or whether the tumour may have caused the abscess. 

An abscess is a cavity filled with pus. It is caused by an infection, and in rabbits it is 
mainly due to the presence of bacteria. Dental abscesses caused by dental infection are common 
(Reusch, 2005). Skin abscesses are also common in rabbits, but these are very different in 
appearance from a tumour, therefore interchangeability is unlikely (Millward, 2020). 

Dental abscesses are easier to diagnose by radiography so they cannot be confused with 
cancer as much as mass in the cavity. The wall of the abscess in rabbits is very thick and 
radiography and sonography are not sufficient at all. A CT scan seems to be more specific for 
diagnosis, but it is not available in all veterinaries and the cost is also higher (Vennen & 
Mitchell, 2009). 
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3.10.4 Own case study 

At the age of almost seven years, a large mass appeared in Franz Joseph's abdomen. The 
veterinarian examined the rabbit by sonography and said that a huge mass was forming from 
the liver, and it was most likely a malignant tumour. 

The owner changed a veterinary, and the new veterinarian took a radiography. It was very 
likely to be cancer because visible calcification was present in the tumour. The veterinarian 
wanted to do a cytology directly, but after the needle was inserted, only a cloudy beige fluid 
came out of the tumour, which is illustrated in Picture 12. The veterinarian took 150 millilitres 
of this fluid, and cytology showed only inflammation but no cancer cells. Such a thick light 
fluid is not part of a malignant tumour. A cancerous tumour is firm, unbounded and irregular, 
and can be bloody (Baba & Catoi, 2007). 

It probably was not cancer, but no examination in this case except an exploratory 
laparotomy would have shown an accurate diagnosis. It was still not known whether there was 
a smaller tumour somewhere that could cause this rare inflammation. 

During the surgery, a large abscess was found arising from the liver, as well as many 
small abscesses spread over all the organs in the abdominal cavity. Small abscesses spread 
through the blood system like metastases of malignant tumours, and it indeed looked like cancer 
(Picture 14). 

A large abscess emanating from the liver, noted in the Picture 13, was removed from the 
body. Franz Josef did not survive the surgery, due to the number of abscesses all over his body 
and thus inflammation in the entire abdominal cavity and peritonitis. Franz Josef never showed 
the slightest symptoms. Apart from a palpable abscess, he was very active until the last moment. 

After examining the abscess, no signs of cancerous origin were found. The abscess was 
hollow inside and filled with pus. 

The diagnosis took almost three months before finding a veterinarian who had previous 
experience with it and knew how to proceed, and until the last moment it was not known 
whether it was cancer or not. 

Abscesses in rabbits are primarily known as dental abscesses. Other abscesses appear to 
be rarer and therefore less well-studied, making confusion with malignant tumours more likely 
(Reusch, 2005). 
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Picture 11 An X-ray of the abdominal mass with calcification, Veterinární klinika Zlíchov Prague, on 
June 7, 2023 

Source: Own resource 

Picture 12 An inflammatory fluid taken from the mass, Veterinární klinika Zlíchov Prague, on June 7, 
2023 

Source: Own resource 
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Source: Own resource 
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4 Conclusion 

Rabbits begin to be increasingly popular pets and are among the third most common pets 
in the Czech Republic. With the increase in popularity, the number of cancer cases also 
increases. Many of the rabbit tumours mentioned above are very rare, and so unusual that they 
are hardly-studied and the answers to predisposition, treatment and prognosis are still unknown. 

In meat and laboratory rabbits, cancer cannot be examined as much, because they do not 
reach a respectable age, as is the case in hobby breeding. Unless, of course, the lab rabbit is 
being bred for cancer research, but in most cases, it is a human cancer research and not the 
rabbits themselves. In wild rabbits, most cancer diseases are difficult to monitor, unless it is, 
for example, the cutaneous types, which are usually easily visible. 

The purchase of animals from pet shops is gradually being withdrawn because their poor 
health status is known due to the mixed breeding. Nevertheless, even purebred breeds are prone 
to cancer and have a genetic predisposition to it as well. The older the rabbit, the more likely it 
is to have cancer. Despite this fact, thanks to humans, they live longer than in the wild. Most 
tumours are common in rabbits at a later age (around four years old), but lymphoma is common 
in young individuals. The most common tumours in rabbits are uterine adenocarcinoma, 
mammary adenocarcinoma, and lymphoma. Sarcomas and testicular tumours are less common, 
and the others are very rare exceptions. For sarcomas, males appear to have a greater 
predisposition, but the reason is unknown, in addition to the fact that sex hormones play a role 
in promoting the development of cancer. Metastases seem to be very common in rabbits and 
treatment is then no longer successful. 

Rabbits are very sensitive to anaesthesia and postoperative complications, and in many 
cases the procedures are fatal. Necessary treatment of cancer for rabbits is often quite costly 
and difficult to achieve in all countries. As in the cases already mentioned, veterinarians do not 
always do a biopsy and do not consider it important to establish an accurate diagnosis. Rabbits 
often do not even receive timely treatment, which would likely result in a greater chance of 
survival. Malignant tumours are not only easily interchangeable with benign ones, but also with 
each other. Therefore, histological examination is very important for an accurate diagnosis. 

Cancer-causing genetic mutations appear to be frequent and spontaneous in rabbits. Some 
tumours can be caused by heredity and a predisposition to develop cancer can be passed on 
through genes to their offspring. This has been most mentioned in lymphomas or thymomas, 
but it is more likely that the rabbit develops spontaneous mutations during its life without 
inheriting the gene. However, this area is probably not as well explored and more studies of 
rabbit cancer at the genetic level are critical for a better understanding of cancers in rabbits. 

In most cases, people do not affect the development of cancer in the rabbit. Nevertheless, 
it is possible to try to prevent cancer through actions such as neutering, low stress behaviours, 
preventive examinations, and a healthy lifestyle, which all owners should be willing to provide 
for their rabbit. 

Rabbits are complicated animals that usually show no symptoms and thus suffer longer 
than they are helped. As they are very small and sensitive creatures, and it is important to think 
about the best course of action for the rabbit (as opposed to the pet owner) after a cancer 
diagnosis. Providing a high quality of life without pain or suffering for the rabbit, should be of 
the utmost importance for the pet owner. 
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