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Eugen Albrecht, a German physician and patholo-
gist (1872-1908; son of the veterinarian Michael 
Albrecht), at the beginning of the twentieth century, 
gave the name of hamartomas to nodular lesions that 
were a likely effect of developmental abnormalities. 
This term remained in medicine to date. Hamartoma is 
a non-neoplastic growth built of tissues typical of the 
organ in which it is formed, but marked by disorder 
in the arrangement and proportion of different types 
of cells. This differs from another abnormality called 
choristoma, which is a  benign tumor composed of 
a normal tissue in an abnormal location, as a form of 
heterotopia. Hamartoma is a developmental disorder 
occurring in various body parts and organs. This abnor-
mality sometimes may not cause any visible signs, 
remaining unrecognized, unless additional circum-
stances arise, such as a significant increase in its size 
or pressure on other organs. It occurs alone or coexists 
with other defects, sometimes forming a characteristic 
clinical picture of a syndrome of congenital defects. 

Hamartoma – „tumor arising from error” (21), a lesion 
between a  developmental disorder and a  benign 
tumor – is relatively frequent in humans. It is detected 
accidentally, for example, in the lung parenchyma. 
Typically spherical, sharply and clearly defined tumor 
with a diameter of about 2-3 cm, located in peripheral 
parts of the lungs, is found during a plain radiographic 
examination. Histologically, it is composed mainly 
of adipose tissue and cartilage, arranged chaotically 
within the lesion (Fig. 1-4). Multiple nodules located 
in the walls of the bronchi are occasionally observed. 
Hamartoma develops mostly in men, usually in the 
small bronchi and less frequently (10%) in a  lumen 
of the large bronchi (50). It forms in two phases: first 
it emerges as glandular papilloma, and then tissues 
of mesenchymal origin, such as hyaline cartilage 
(sometimes elastic cartilage), adipose tissue, fibrous 
connective tissue and even bone and muscle tissue, 
proliferate in the stroma. These changes, regarded as 
neoplastic lesions (benign mixed tumors), grow for 
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Summary
Hamartoma is a developmental disorder of various body parts and organs. It is characterized by a non-

neoplastic growth of tissue with an uneven distribution and proportion of individual cells. Lesions progress for 
several years, but usually do not give clinical symptoms, and do not undergo malignant transformation. They 
occur alone or coexist with other defects, sometimes forming a characteristic clinical picture of a syndrome of 
congenital defects. Mutations in genes, such as PTEN, GLI3, SDH B/D, PIK3CA and ACT1, cause a dysfunction 
of the tumor suppressor gene and result in an increased neoplastic transformation. Hamartoma is a lesion 
between developmental disorders and benign tumors, which occurs frequently in humans, but is very rare in 
domestic animals. In a histopathological examination, however, it is diagnosed relatively often. In the veterinary 
literature, both hamartoma and choristoma are attributed mostly to errors in embryogenesis and are not 
considered as preneoplastic lesions.
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many years, usually without giving clinical symp-
toms, and do not undergo malignant transformation 
(50). In children, especially boys under two years old, 
fibrous hamartoma of infancy may develop, which is 
a rapidly growing skin or subcutaneous nodule in the 
region of the axillary fold, upper arm, thigh or groin 
(15). Typically, it is made of fibrous connective tissue, 
adipose tissue and myxoid stroma in which immature, 
round or star-shaped cells are embedded. The lesion 
grows fast, but is benign.

If hamartoma has the form of multiple tumors, the 
disease is called hamartomatosis. Its special type is 
Cowden syndrome, a  genetic disease, whose name 
comes from the name of the patient first described in 
1963 (39). This syndrome is a result of autosomal gene 
mutation inherited as a dominant trait. In most patients 
(80%), the tumor suppressor gene PTEN is mutated, 
while in other cases KILLIN, SDH B/D, PIK3CA 
and AKT1 gene mutations were found (46). Tumors 
most frequently arise in the skin, lungs, kidneys, liver, 
mucous membranes (eg. in the oral cavity), thyroid 
gland, mammary gland or gastrointestinal tract. Due to 
the impaired operation of the tumor suppressor gene, 

increased neoplastic transformation occurs, mainly in 
the mammary gland, thyroid gland and gonads (46).

Although hamartoma per se is a  non-cancerous 
tumor, a neoplasm called hamartoblastoma can origi-
nate from it. It develops in the prenatal life as a result 
of an autosomal dominant gene GLI3 deformation. The 
GLI3 gene belongs to the zinc finger transcription fac-
tors and is located on chromosome 18 in dogs and pigs 
and on chromosome 4 in cattle. GLI transcription fac-
tors (GLI1, GLI2, GLI3) play an important role in the 
signaling pathway that is important in the early stages 
of organogenesis in the central nervous system, bone, 
lung, prostate, limbs, muscles, hair and teeth. These 
factors control the proliferation of neural precursors 
in the dorsal structures of the brain and regulate the 
number of neural stem cells in embryonic, perinatal and 
adult brain segments (66). Mutations in this gene in 
humans cause Greig cephalopolysyndactyly syndrome, 
Pallister-Hall syndrome, preaxial polydactyly type IV 
and postaxial polydactyly types A1 and B.

Hamartoblastoma consists of normal, mature cells 
located typically, but with impaired architectural 
organization, since individual tissues are arranged 

Fig. 1. Human bronchial hamartoma. Hematoxylin and eosin 
(HE), × 4

Fig. 4. Human bronchial hamartoma: cartilaginous and con-
nective tissue. HE, × 10

Fig. 3. Human bronchial hamartoma: adipose, connective and 
cartilaginous tissue as well as a lymph node with anthracosis. 
HE, × 20

Fig. 2. Human bronchial hamartoma: adipose tissue and 
a lymph node with anthracosis. HE, × 20
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randomly and disproportionately. Pathological changes 
can sometimes be observed in fetuses in ultrasono-
graphic examination. A significant portion of children 
with a severe form of the disease, including the cen-
tral nervous system, dies. Others undergo, sometimes 
numerous, surgeries to be able to live and function 
as normally as possible. There may, however, appear 
complications, such as epilepsy, psychiatric disorders 
and premature puberty. Consequences of a dominant 
negative mutation of the GLI3 gene in its middle region 
represents a  special clinical form. Namely, it is an 
abnormal growth with features of hamartoblastoma in 
the hypothalamus, called Pallister-Hall Syndrome (23, 
63). Hypothalamic hamartoma/hamartoblastoma may 
have different consequences. In some cases, there are 
numerous and lethal lesions, while in others they are 
less pronounced and non-lethal (60, 72).

In the veterinary literature, both hamartoma and 
choristoma are considered as lesions caused most prob-
ably by errors in embryogenesis. They are not regarded 
as preneoplastic lesions, and the tissues composing 
them are usually well differentiated (12). A group of 
non-cancerous tumors associated with mutations in 
the PTEN tumor suppressor gene (PTEN hamartoma 
tumor syndrome) is referred to as hamartoma (70). 
This gene is located on chromosome 26 in dogs and 
cattle, on chromosome 2 in cats, and on chromosome 
14 in pigs. The protein encoded by the PTEN gene is 
involved in cell cycle regulation, and if the pathway 
that it mediates is functioning properly, then the final 
effect is a termination of cell division and the onset of 
apoptosis (42). Loss of the expression of PTEN was 
observed in tumors of many domestic animal species, 
e.g. in dogs with osteosarcoma (37), melanoma (31), 
hemangiosarcoma (14) and mammary gland tumors 
(30, 52, 53). The loss of PTEN protein expression 
can be a useful marker in identifying mammary gland 
carcinoma in dogs (54).

The SDH B/D gene in dogs and cattle is located 
on chromosome 2, in pigs on chromosome 6, and in 
cats on chromosome 1. Succinate dehydrogenase sub-
unit D/B enzyme is a product of the SDH B/D gene. 
Mutations in this gene result in multiple endocrine 
neoplasia types 2 A and B (MEN2A and MEN2B), 
pheochromocytoma and paraganglioma (PGL1/PPS1, 
PPS/PGL, pheochromocytoma-paraganglioma syn-
drome) (74). The mutation 365A > G (Liz122Arg) in 
exon 4 in the SDHD gene and the mutation 113G > A 
(Arg38Gln) in exon 2 in the SDHB gene were identi-
fied in 2014 (26).

The PIK3CA gene is located on chromosome 34 in 
dogs and on chromosome 1 in cattle. Mutations in this 
gene in dogs are much less frequent than in humans (9). 
On the other hand, the AKT1 gene in cattle and goats 
has been located on chromosome 21, and in dogs on 
chromosome 8. This gene conditions the production 
of an enzyme, protein kinase B (PKB). Mutations in 
this gene are very rare, but if present, they are associ-

ated with breast, lung, gastric, ovarian, prostatic and 
colonic tumors. An increased expression of several 
genes associated with the signaling pathway PI3K/
Akt suggests the involvement of this pathway in the 
pathogenesis of thyroid carcinoma in dogs (9).

The clinical picture in patients with hamartoma 
depends on the location and extent of hyperplasia. 
These pathological changes originate from different 
tissues. Hamartoma vascularis has been reported in 
animals repeatedly, and this type of tumor had different 
locations. For example, it was found in the skin of the 
tail in a 9-year-old female German Shepherd (78), in 
the brain of a 7-year-old Shih Tzu (59) and on gingivae 
in a kitten (49). A Siberian husky at the age of 6 years 
suffered from vascular hamartoma of the pulmonary 
artery and urinary bladder and was successfully treated 
surgically (11). In retrospective studies involving 676 
scrotum tumors collected over 25 years, the vascular 
hamartoma was found among various other changes 
(71). In cats, it was also noted in the brain (44), nose 
(10), cervical spine (51) and cerebellum, together 
with hernia of the cerebellum through the foramen 
magnum (64).

An autopsy of an 8-year-old dog, which died of 
pneumonia, revealed in the right atrium of its heart 
a mass of tissue comprising cells of all three layers 
of the normal heart wall, but with impaired architec-
ture. Congenital hamartoma of the heart muscle was 
diagnosed, and it was the first such case described in 
dogs (41).

In an approximately 10-week-old Weimaraner, 
a bilateral mucopurulent nasal discharge was observed. 
A CT scan, performed when the animal was 6 months 
old, revealed proliferative changes in both nasal 
cavities, in the region of the ethmoid bone and in bone 
tissue. The dog was euthanized because of complica-
tions after biopsy, and an autopsy was performed. 
Samples from the proliferative lesions were subjected 
to histopathological examination and recognized as 
respiratory epithelial adenomatoid hamartoma (REAH) 
(36). This type of growth originates from the surface 
of the respiratory tract epithelium, and in humans it 
is considered very rare (first described in 1995). In 
a 56-year-old male, the mass occupied nasal cavities 
and paranasal sinuses (43). Even rarer is a subset of 
REAH called chondro-osseous respiratory epithelial 
adenomatoid hamartoma (COREAH), which has been 
reported in only 4 people. A recent report describes 
3 dogs diagnosed with a nasal mass that was similar 
histologically to that of COREAH in people (33).

Hamartoma originating from arrector pili muscles 
was described in 8 dogs (38) and another was diag-
nosed in sudoriferous glands at the side and on the 
head of 2 cats. According to the authors, these changes 
resembled syringocystadenoma papilliferum, which 
occurs in humans (24). These benign tumors cause 
a narrowing or a complete occlusion of the external 
auditory canal, resulting in a progressive hearing loss 
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(22). In the lungs of a cat, cartilaginous hamartoma 
(hamartoma chondromatosum) was found. Microcystic 
hamartoma with a tissue resembling alveoli, but with-
out the presence of the bronchial tree, was diagnosed in 
a dog (16, 68). Changes defined as mesenchymal ham-
artoma were found on dogs’ eyelids (29). Hamartoma 
can also occur in the gastrointestinal tract. In 2 dogs, it 
was present in the form of a polyp in the small intestine, 
where it caused partial obstruction. In one of the dogs, 
the lesion underwent a malignant transformation (8). 
Gastric smooth muscle hamartoma in an 11-year-old 
cat was manifested by intermittent vomiting, constipa-
tion and reduced appetite for 3 weeks. Surgical treat-
ment was effective (62).

An interesting case of a 4-year-old bull mastiff bitch 
has been described. The dog was presented while 
being in a premature labor and treated with caesarean 
section, during which a round, smooth, soft, reddish-
brown growth measuring 4 × 4 × 2 cm was found on 
one of the placenta. Microscopic examination revealed 
an epithelial nature of the cells, separated by fibro-
vascular strands of stroma. The structure resembled 
a labyrinth that is typical of a placenta. Because of the 
absence of invasive features and a low mitotic index, 
the lesion was considered to be benign. Eventually, 
placental hamartoma was diagnosed, the first such case 
described in a dog (13).

Just as in humans, hamartoma has been observed 
in animals of different ages, including very young. 
The onset of clinical signs depends on the severity 
and location of lesions. Large tumors on the skin, 
deformations of external body parts and neurological 
deficits due to lesions in the central nervous system 
can be seen early. For example, in a  3-month-old 
German Shepherd diagnosed with thalamic astrocytic 
hamartoma, there were signs, such as strabismus, 
opisthotonus, circling and thoracic limbs hypermetria 
(61). In a  5-month-old Great Dane bitch, a  10-cm 
section of colorectal polyposis was removed, and it 
turned out to be hamartoma. In that animal, a mutation 
of PTEN was found, which makes the disease similar 
to Cowden syndrome in humans (1). In a 4-month-old 
kitten, gingival hamartoma was diagnosed, and what 
is interesting, the lesion was accompanied by hyper-
glycemia, which resolved after surgical removal of the 
tumor along with a part of the jaw. It was recognized 
as a  paraneoplastic syndrome hyperglycemia (49). 
Hyperplastic lesions of nasal conchae, referred to as 
mesenchymal hamartoma, have been found in young 
cats. They showed analogy to similar pathological 
nose structures found in children, who also had signs 
of obstruction, sneezing and epistaxis (20). A similar 
case of nasal vascular hamartoma was described for 
the first time in a cat in 2010 (10). In the 15-month-old 
cat, vascular hamartoma originating probably from soft 
tissue in the region of the first cervical vertebra was 
found with a secondary proliferation of bone tissue. It 
caused a generalized ataxia, which resolved after the 
lesion was removed (51).

In other cases, the disease manifests itself at an older 
age. Brain hamartoma in a 7-year-old dog (59), cerebral 
vascular hamartoma with petechiae and necrosis in an 
11-year-old cat (44) and gastric hamartoma in another 
11-year-old cat (62), are just a  few examples. This 
proves that lesions can sometimes grow very slowly 
and cause clinical symptoms only in geriatric animals.

There are reports of hamartoma in large farm animals 
as well. It has been found in the lungs of bovine (48, 
57) and equine (27) fetuses and in the liver of equine 
fetuses (7, 56). In calves, vascular hamartoma of the 
right atrium (6), smooth muscle hamartoma of the 
abomasum (77), bile duct hamartoma (4) and vaginal 
hamartoma (34) have been described. Until 2016, all 
gingival hamarotmas described in calves were limited 
to the mandibular area (65, 76). Lately, a nasal tissue-
derived hamartoma in the maxillary gingiva was diag-
nosed in a 13-day-old calf (73). Vascular hamartomas 
of the liver (5, 32), kidney (25), heart (67) and ovary 
(2, 35) have been found in adult cattle. In a 5-year- 
-old horse, vascular hamartoma of the subcutaneous 
tissue of a pelvic limb was manifested with lameness 
(58). Similar was the case of a vascular hamartoma 
in a 2-year-old horse with a large soft tissue mass on 
a pelvic limb, which caused a slightly irregular gait 
of the affected limb (47). Other 2 horses euthanized 
for neurological deficits, such as muscle spasms, pro-
gressive ataxia and hypermetria, were diagnosed with 
hamartomatous myelodysplasia of the spinal cord. In 
one of these horses, the mass occluded the central canal 
of the spinal cord, forming hydromyelia (69). Also, 
ovarian hamartoma was described in an aborted equine 
fetus and a deceased 2-day-old foal (18, 55). Polypoid 
lesions having hamartoma characteristics were present 
in the rectum of a newborn foal (17). Vascular hamar-
toma has also been diagnosed in small ruminants (3, 
40). Sweat gland hamartoma was reported in a newborn 
piglet (19). A unique hamartoma consisting of pancre-
atic and hepatic cells was recently found in a 7-year-old 
pig, which is the first case of pancreatic hamartoma 
reported in an animal (75). Congenital heart tumors 
observed in pigs and classified as rhabdomyoma may 
be considered as hamartoma on the basis of other cri-
teria (45). Multiple focal hamartoblastoma was found 
in a pig aged 2-3 years (28).

Although this congenital defect is recognized rela-
tively rarely, it should be taken into account during 
both clinical and, above all, histopathological exami-
nation in cases of proliferative lesions in animals of 
different ages.
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