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Abstract: A multi-institutional retrospective analysis of 330 pathology accessions from 285 different lions

found 15 captive, female African lions (Panthera leo) with confirmed mammary masses. Aside from the presence of

a mammary mass, the most common initial clinical sign was inappetence. Histologic diagnoses were

predominantly adenocarcinoma (n ¼ 12), though two benign masses (mammary hyperplasia and a mammary

cyst) and one squamous cell carcinoma were identified. Nine of 13 malignant tumors had metastasized to lymph

nodes or viscera at the time of necropsy. Six lions with adenocarcinoma and two lions with benign mammary

masses had received hormonal contraception, though little evidence of mammary lobular hyperplasia was seen in

association with the adenocarcinomas. The most common concurrent disease processes found at necropsy were

chronic urinary tract disease and other malignancies. These cases demonstrate that mammary malignancies occur

in captive lions and frequently metastasize.
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INTRODUCTION

Mammary neoplasia, usually malignant, has

been reported in several nondomestic felid spe-

cies but appears to most commonly occur in

captive tigers (Panthera tigris), jaguars (Panthera

onca), and leopards (Panthera pardus).4,6,16,18

Though the cause of the increased number of

reports in these species is unknown, studies have

suggested a link between exogenous hormone

contraceptives and the development of mammary

or reproductive disease in nondomestic fe-

lids.6,10,15–17 Captive lions (Panthera leo) commonly

receive hormonal contraception, but mammary

neoplasia has been rarely reported in this spe-

cies.1,5 Many cases of mammary neoplasms in

lions, to the authors’ knowledge, have occurred in

lions previously treated with melengestrol acetate

(MGA), a progestin contraceptive commonly

used, historically, in captive exotic felids.13 To

date, there are no retrospective studies specifical-

ly describing the clinicopathologic features of

mammary masses in lions.

MATERIALS AND METHODS

Databases from the University of Tennessee,

College of Veterinary Medicine’s (UTCVM) pa-

thology service and Northwest ZooPath (NWZP)

were searched for the term ‘‘mammary’’ in African

lion reports. Accessions were defined as a sample

or group of samples submitted at the same time

point, and multiple accessions from the same

animal at different times were evaluated together

in order to avoid repeated representation of the

same animal. A total of 330 (255 from NWZP, 75

from UTCVM) lion pathology accessions, repre-

senting samples from 285 male and female lions,

were available for review, and data from all

records with histologically confirmed mammary

disease were recorded. These data included

histologic diagnosis of the mammary disease;

signalment and clinical signs prior to death or

euthanasia; age at diagnosis; age at death or

euthanasia; time from diagnosis to death or

euthanasia; cause of death or euthanasia; parity

(i.e., history of confirmed successful parturition),

if known; and contraception history. For contra-

ception history, the type, method of administra-

tion, and duration of contraception were

recorded. Also recorded were time of initial

mammary disease observation, presence or ab-

sence of metastases at necropsy, comorbidities

found at necropsy, and any mammary disease

treatment. Recorded dates and ages, when appli-

cable, were rounded to the nearest 0.1 yr.

Biopsy and necropsy tissues were fixed in 10%
neutral buffered formalin, processed routinely,
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sectioned at 5-lm thickness, mounted on frosted

glass slides, and stained with hematoxylin and

eosin. All cases were reviewed by two pathologists

(LEC, MMG) to standardize tumor nomencla-

ture. Tumor classification was based on World

Health Organization criteria for mammary tu-

mors in dogs and cats, and on a review paper

regarding histologic features of mammary carci-

nomas in zoo felids.13,14

Summary statistics (age of death, age of diag-

nosis, time from diagnosis to death) were calcu-

lated using MedCalc Statistical Software (Version

14.12.1, MedCalc Software, 9030 Mariakerke,

Belgium).

RESULTS

Fifteen female African lions had mammary

disease with histologically confirmed diagnoses.

Diagnoses were mammary tubulopapillary cysta-

denocarcinoma or mixed adenocarcinoma (ACA)

(n ¼ 12), squamous cell carcinoma (SCC) (n ¼ 1),

mammary cyst (n ¼ 1), and mammary gland

lobular hyperplasia (n¼ 1). The majority of ACAs

were tubulopapillary adenocarcinomas (n ¼ 9),

with mitotic index (MI) ranging from 10 to 100

per 10 high power fields (HPF). There were four

tubulopapillary cystadenocarcinomas, with MI

ranging from 2 to 30 per 10 HPF, and one

malignant, mixed mammary tumor had tubulopa-

pillary, solid, and cartilage components and anMI

of 50/10 HPF.

Clinical signs prior to death or euthanasia

varied and were irregularly reported, but many

included inappetence (n¼ 12), a visual swelling of

the mammary gland (n¼ 11), and lethargy (n¼ 8).

Six lions’ ages were unknown but were estimat-

ed based on body size at time of entry into the

collection and time in collection. The median age

at diagnosis for all 15 lions with mammary disease

was 18 yr (range, 3.7–23.7 yr). The median age at

death or euthanasia for these lions was 19.1 yr

(range, 7.1–24.1 yr), and the median time from

diagnosis to death (survival time) was 0.2 yr

(range, 0–4.9 yr). For ACAs, the median age at

diagnosis and death was 18.1 yr (range, 11.4–23.7

yr) and 19.1 yr (range, 12.1–24.1 yr), respectively.

The ACA cases’ median survival time was 0.01 yr

(range, 0–5 yr). Mammary disease was listed as

the probable cause of death or euthanasia for nine

lions, based on necropsy findings and clinical

records.

Nine lions had known contraception histories,

and only three of these animals were known to

have produced litters. Eight lions had been

previously treated with MGA; six of the lions

with ACAs, and two having benign masses.

Median duration of MGA contraception was 2

yr (range, 1–5 yr). Four of the lions treated with

MGA had subsequent ovariohysterectomies. In

total, nine lions had ovariohysterectomies per-

formed. No contraception history was available

for six lions, but two of those had been spayed

between 1 and 2 yr prior to diagnosis.

Eleven lions’ mammary disease was identified

prior to necropsy, either by visual observation

(Fig. 1) or palpation during exam. Mammary

masses from six of these animals were aspirated

for cytology prior to necropsy, but only two of the

cytologic impressions were consistent with the

final necropsy diagnosis (ACA). Three other

aspirates from ACAs revealed only cystic fluid,

and an aspirate from hyperplastic mammary

tissue was acellular and considered nondiagnos-

tic.

Five of the animals had their mammary lesions

biopsied or surgically removed and submitted for

histologic examination. A localized mastectomy

(excisional) biopsy was consistent with the final

diagnosis of ACA, and recurrence of this neopla-

sia was found at necropsy 6 mo later. Three other

biopsies were consistent with subsequent necrop-

sy diagnoses (mammary hyperplasia, ACA, mam-

mary cyst). One lion had a unilateral mastectomy,

which was diagnosed histologically as a cystade-

noma but was considered possibly unrepresenta-

tive of the entire mass. Approximately 4.6 yr later,

an irregular mammary swelling in the same lion

was noted on the contralateral side, which was

confirmed as an ACAwith widespread metastases

2 days later during necropsy evaluation. Because

Figure 1. Right caudal mammary gland with irreg-

ular mass around the teat (arrowhead) of an African

lion. This case mass was found incidentally at necropsy

and confirmed histologically as an adenocarcinoma.

The head of the lion is to the right of the picture.
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the final diagnosis at necropsy on the contralat-

eral chain was an ACA, and the pathologist

examining the cystadenoma had suspected that

the sample may have been unrepresentative of the

initial mass, the cystadenoma diagnosis was not

included in the descriptive analyses.

Metastases were found in nine lions (eight

ACAs, one SCC), and metastatic sites included

lymph nodes (n ¼ 7), lungs (n ¼ 6), liver (n ¼ 6),

spleen (n¼ 4), kidneys (n¼ 2), adrenal glands (n¼
2), ovaries (n¼ 2), heart (n¼ 1), and brain (n¼ 1).

For the eight ACAs that had metastases to lymph

nodes, nodes affected included mesenteric (n¼3),

ipsilateral inguinal (n¼ 1), sternal (n¼1), medias-

tinal (n¼1), hilar (n¼ 1), and not specified (n¼ 1).

For the single SCC, metastatic lymph node sites

included ipsilateral inguinal (n¼ 1), sublumbar (n

¼ 1), and axillary (n ¼ 1). Only two lions had

externally palpable lymph nodes: the lion with

SCC had palpable axillary and ipsilateral inguinal

lymph nodes, and a lion with ACA had an

enlarged ipsilateral inguinal lymph node. Three

lions with ACAs had no evidence of metastases.

Concurrent diseases found at necropsy were

common and included chronic renal or urinary

bladder disease (n ¼ 6), concurrent malignancies

(n ¼ 6), biliary cystic changes (n ¼ 4), myocardial

fibrosis or myocarditis (n¼3), and pneumonia (n¼
3). Though not specifically noted in many of the

necropsy reports, the clinical record described

lameness and suspected osteoarthritis at some

point prior to euthanasia in 14 lions. Concurrent

malignancies were lymphoma (n¼ 2), thymoma (n

¼ 1), bronchoalveolar carcinoma (n ¼ 1), ovarian

sex cord stromal tumor (n ¼ 1), uterine leiomyo-

mas (n ¼ 1), and hepatic cholangiocellular carci-

noma (n ¼ 1). Of the six lions with concurrent

malignancies, three had metastases of those

neoplasms, which were distinguished by histolog-

ic evaluation from metastases of the mammary

neoplasms. Owing to the nonspecific nature of the

most common clinical signs prior to euthanasia or

death, the contribution of these comorbidities to

the decline of the animal could not be determined

from the records.

Therapy and duration of treatment for the

mammary disease varied amongst institutions,

and commonly, treatments were administered for

other conditions rather than for the mammary

lesion. These treatments included antibiotics (n¼
13), nonsteroidal anti-inflammatory drugs (n ¼
12), fluids and H2 receptor blockers (n ¼ 4), and

corticosteroids (n ¼ 3). Surgical removal of either

a mass or the mammary chain was performed in

two lions, and surgical MGA implant removal

occurred in one lion. No mammary neoplasia-

specific chemotherapy protocols were adminis-

tered to any of the lions.

DISCUSSION

These findings show lion mammary disease can

appear in a variety of clinical entities, and

mammary neoplasia can occur with and without

previous hormonal contraception. The majority

of the neoplasms in this report were ACAs, and as

in a previous report, the majority of these cases

were the tubulopapillary pattern.13

Early detection and removal may increase

survival times in dogs and cats with mammary

adenocarcinomas,9,21,22 but early definitive diagno-

sis in these lions seldom occurred and, when

attempted, proved difficult. Of the five lions that

had their mammary lesions biopsied or surgically

removed, four showed findings consistent with

the necropsy diagnosis. However, fine-needle

aspirates and cytology sometimes demonstrated

cystic fluid or lack of cells, rather than character-

istics that suggested malignancy. The sensitivity

of fine-needle aspirates in these cases was much

lower than reported in canine mammary gland

tumors.19

In the four cases where biopsy or aspirates were

nonindicative of malignancy or considered non-

diagnostic, those procedures were performed

months to years prior to a necropsy diagnosis.

Large biopsy punches (�4 mm) made through a

skin incision has been anecdotally effective for

diagnosis of malignant mammary tumors in tigers

at the UTCVM, although excision biopsy is more

likely to provide an accurate diagnosis and better

prognostic information.

Though many neoplasms had malignant char-

acteristics and metastases, the majority of cases

had clinical signs attributed to other diseases.

Comorbidities, identified at necropsy, were com-

mon, and many cases had multiple organ systems

affected by a variety of disease processes. There-

fore, the survival time reported here might not

represent the survival time specific for the mam-

mary neoplasia or disease. Owing to the inherent

difficulty in retrospective studies such as this,

elucidating the exact contribution of each disease

to the animal’s overall health could not be

determined. However, given the advanced age at

diagnosis for many individuals in this study, it is

not surprising that many lions with mammary

disease also had comorbidities such as osteoar-

thritis, chronic renal disease, or another malig-

nancy.
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In half of the lions with ACAs and two lions

with benign mammary lesions, the contraceptive

MGA had been used for at least 1 yr. As suggested

in previous reports, a possible connection be-

tween MGA contraception and malignancies

could be present in lions.13 In an analysis of

mammary carcinomas from 31 nondomestic fe-

lids, 28 had received MGA as a hormonal

contraceptive, including four lions.13 However,

lobular hyperplasia, a common finding in cats

receiving progestin contraceptives,7 was not a

consistent histologic finding in the lions with

ACAs in the present study. The sample size of

lions receiving MGA in this study was too small

to permit statistical analyses. Further research is

needed to elucidate the potential role of MGA in

the development of mammary ACAs in captive

lions.

In many domestic species, benign and malig-

nant mammary gland neoplasms express estrogen

and progesterone receptors, and activation of

these receptors with exogenous hormones might

play a role in hyperplasia and malignant transfor-

mation.2,10–12 In one study, a significantly greater

proportion of bitches with mammary tumors had

been exposed to progestins compared with con-

trols, and the majority of mammary neoplasms

(91%) were malignant.20 However, expression of

progesterone and estrogen receptors in domestic

and nondomestic felids does not appear to

correlate with prognosis, as both positive- and

negative-expressing tumors appear to be high

grade with metastases.13 Still, removal of either

endogenous and/or exogenous hormonal stimu-

lus in felids might play a role in prevention of

malignant transformation and/or progression. Of

interest, the single case of lobular hyperplasia in

this report completely resolved following the

removal of the MGA implant.

In epidemiologic studies involving domestic

cats, 90% of mammary neoplasms are malignant

(with the majority being ACAs), and mammary

ACAs are one of the most common neoplasms in

older, female domestic cats.3,21,22 Maintenance of

intact reproductive status is a major risk factor

for the development of mammary tumors in

domestic cats, and early ovariohysterectomy has

been shown to lower that risk.3,8,21,22 This is also

true in dogs, and even dogs spayed later in life

still have reduced risk of mammary neo-

plasms.16,21 Because of the importance of breed-

ing for the maintenance of genetically heathy

captive lion populations, permanent sterilization

has been avoided in many individuals. Promotion

of breeding strategies that encourage early parity

and subsequent sterilization may result in a

lower incidence of mammary neoplasms in

captive lions.

CONCLUSIONS

Mammary lesions in African lions can be

caused by a variety of diseases, but ACA is likely

to be the diagnosis in the majority of cases.

Mammary ACAs appear to readily metastasize,

similar to what is observed in other domestic and

nondomestic felids. Findings from this case series

suggest care should be taken when interpreting

aspirate results, and biopsy should be used to

confirm diagnosis. Further investigation into

breeding and contraceptive strategies and their

role in the development of mammary neoplasms

in captive lions is recommended.
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W, Barron R, Mischke R. Cytologic examination of

fine-needle aspirates from mammary gland tumors in

the dog: diagnostic accuracy with comparison to

histopathology and association with postoperative

outcome. Vet Clin Pathol. 2009;38(4):521–528.

20. Støvring M, Moe L, Glattre E. A population-

based case-control study of canine mammary tumours

and clinical use of medroxyprogesterone acetate.

APMIS. 1997;105(8):590–596.

21. Verstegen J, Onclin K. Etiopathogenesis, classi-

fication and prognosis of mammary tumors in the

canine and feline species. Proc Soc Theriogenol. 2003;

230–238.

22. Verstegen J, Onclin K. Mammary tumors in the

queen. In: Proc Soc Theriogenol; 2003. p. 239–245.

Received for publication 10 September 2015

SADLER ET AL.—MAMMARY MASSES IN LIONS 131


