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Abstract Oncocytic tumours represent a distinctive set The term “Hurtle cell tumour”, which is widely used
of lesions with distinctive granular cytoplasmic eosinda the American pathology literature to designate onco-
philia of the neoplastic cells. These cells are called ayic neoplasms in the thyroid gland, reflects Ewing’s in-
cocytes because of the “swollen” appearance they hawerect opinion that oncocytic neoplasms originated from
as the result of a striking accumulation of mitochondritne parafollicular thyroid cells described by Hurtle in
Although generally uncommon, oncocytic tumours afe94 [30, 47]. The concept that these cells, with their
by no means rare and have been reported, with differebtindant eosinophilic cytoplasm, share a common de-
frequencies, in virtually every organ. A variety of bionominator regardless of the site of origin should be cred-
chemical and molecular changes have been identifigdd to Hamperl. He not only coined the term “oncocyte”
and the aberrant biogenesis of mitochondria in oncocy8®], but also correctly suggested that they were the re-
cells bears intriguing similarities to that of a group of deult of some degenerative cytoplasmic alteration and
generative disorders known as mitochondrial encephabeinted out that they could give rise to tumours with cor-
myopathies. Although the relationship between the acecasponding morphological features — oncocytic tumours
mulation of mitochondria and the occurrence of tumouU0]. The abnormal increase in the number of mitochon-
is unknown, investigation into the cellular alterations dfia was not confirmed as the common denominator of
oncocytes may further our knowledge of a variety of inencocytic cells until after the introduction of electron mi-
portant biological processes such as proliferation, enegygscopy [27, 61, 74], which demonstrated a variety of
production and ageing. morphological changes in the mitochondria of oncocy-
tes, none of which is specific or of diagnostic value [86].
Key words Oncocytic neoplasm - Oncocytic adenoma - Oncocyte is the generally accepted term for those
Oncocytic carcinoma - Mitochondrial DNA - Oxidative cells exhibiting the characteristic phenotype, which
phosphorylatio features in histology sections a finely granular eosino-
philic cytoplasm (Figs. 1, 2) and ultrastructurally an in-
crease in the number of mitochondria (Fig. 3). This in-
Introduction crease is responsible for the swollen appearance of
oncocytic cells. The proportion of cytoplasmic volume
The term “oncocyte” (from the Greek word onkoustai, twccupied by mitochondria has been variably estimated at
swell), first used by Hamperl in 1931 [39], was intrdsetween 30% and 60% [19, 99]. Incidentally, it is proba-
duced into the American pathology literature by Jaffe bbby useful to distinguish oncocytes from other “mito-
designate those salivary gland tumours that consistectlodndrion-rich cells”, such as those described by Tremb-
oncocytic cells [48]. Cells featuring abundant cytoplasialy and Pearse in the thyroid [90]. They noted thyroid
with a strong affinity for eosin had already been notedfillicular cells with increased reactivity for mitochondri-
the last century, in the thyroid by Askanazy [4] and &l oxidative enzymes, but remarked that only oncocytes
the parathyroid glands by Welsh (Welsh called thefeatured the “highest number of mitochondria” with

cells “oxyphilic”) [96]. [ss\)/z/)(]elling of the cytoplasm and apparent loss of polarity
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Fig. 1 Histology section of an oncocytic carcinoma of the thyroiBig. 3 Electron microscopy of the thyroid tumour shown in

gland. The tumour is entirely composed of oncocytes exhibitifkig. 1. The cytoplasm of tumour cells is filled with contiguous mi-

abundant finely granular cytoplasm. Oncocytic cells, in addition tochondria. Some of the mitochondria exhibit structural abnormal-

the characteristic cytoplasmic changes, feature various degredie$, such as stacking of cristamset black arrow) or dense

nuclear atypia, such as nuclear pyknosis, prominent nucleoli amorphous inclusionsnset white arrow). Although nonspecific,

anisocytosi - similar structural abnormalities and also accumulation of mito-
chondria occur in certain types of mitochondrial encephalomyo-
pathies, a class of degenerative neuromuscular disi:rders

sified as oncocytic [14, 84], stricter criteria are required
for a renal tumour to be diagnosed as oncocytic [25].
Despite these apparent discrepancies, few pathologists
would argue about classing tumours in which the onco-
cytic phenotype is the dominant cytomorphological fea-
ture as oncocytic neoplasms regardless of strict numeri-
cal considerations. In fact, the lack of reproducible tech-
niques to identify mitochondria in histological sections
has forced pathologists to rely on the staining qualities
of conventional haematoxylin and eosin sections to de-
cide whether a tumour is oncocytic or not. Conventional
histochemical stains such as phosphotungstic acid—hae
matoxylin (PTAH) [55] are relatively easy to perform
but not very specific. Several paraffin-reactive antibod-
ies specific for mitochondria have been described [62,
95]. Only recently, however, has a monoclonal antibody
Fig. 2 Histological section of a renal oncocytoma. Nests and valiecome commercially available for routine use on paraf-
ably sized tubular structures composed of oncocytes are embedilgembedded material [63]. Such antibodies are proving
in an oedematous stroma. Anisocytosiis¢) and nuclear atypia 5 ;seful adjunct to the histological diagnosis [89]. When
can be seen in otherwise entirely benign renal oncocytamas . - - ; .
fresh-frozen tissue is available, enzyme histochemistry
may always be used to demonstrate mitochondrial oxi-
of intercalated ducts in the salivary glands) and may d&tive activity [90] and mitochondria can be directly vi-
associated with inflammation (Hashimoto’s thyroiditisgualized in living cells with the dye Rhodamine 123
degenerative processes or cellular ageing [20, 38, BZ].
54].
The terms oncocytoma and oncocytic carcinoma are
commonly used to designate tumours — benign and rRathological and clinical features
lignant — consisting of oncocytic cells. However, the
proportion of neoplastic cells exhibiting oncocytic feaAith the exception of thyroid and kidney, neoplasms
tures required to diagnose a tumour as oncocytic seaosposed of oncocytic cells are generally rare, and it is
to vary according to the site of origin. In fact, while it isot clear whether oncocytic lesions such as Whartin’s tu-
commonly accepted that thyroid neoplasms with 75% wifour in the parotid or the relatively common oncocytic
cells having oncocytic features can be confidently clasadules in the parathyroid gland are true neoplasms.




7

plasm. The gross and radiographic appearances of a cen-
tral stellate scar are by no means diagnostic for onco-
cytomas, although suggestive of this diagnosis, but can
be seen in different types of renal cell malignancy, in-
cluding chromophobe carcinoma [24] The histological
distinction of oncocytomas from the eosinophilic variant
of chromophobe carcinoma [88] or renal cell carcinoma
with a predominance of granular cells can be difficult in
view of the spectrum of architectural, cytological and ul-
trastructural features in renal neoplasms [87]. Despite
the claim of a favourable behaviour, the existence of
oncocytomas with atypical morphological or clinical fea-
tures (such as vascular invasion or perinephric extension)
[25, 65], the rare but documented occurrence of metas-
tases [65] and a report of tumours with mixed features of
Fig. 4 Gross picture of a thyroid oncocytic carcinoma resectgdnal cell carcinoma and oncocytoma [25] underscore the

from an 86-year-old woman. The tumour is widely invasive, mullimnortance of thorough sampling and careful pathologi-
nodular and tan-brown, with areas of scarring, haemorrhage 3& examination

necrosis. The patient is alive with disease (cervical lymph no . . . .
and lung metastases), 2 years after the initial diag:iosis Oncocytic lesions can occur in the salivary glands and

are relatively common in the parotid gland, where they
are often cystic and associated with a prominent lympho-

Oncocytic neoplasms in the thyroid gland are a disytic infiltrate (Whartin’s tumour). Solid tumours com-
tinct subtype within the group of follicular tumourgosed of oncocytic cells can also occur in the salivary
[73]. The definition of their clinical behaviour has varglands [38]. Rare oncocytic adenocarcinomas have been
ied. In the 1950s the American Cancer Society was reescribed in the minor salivary gland [76]. Whartin's tu-
ommending the classification of all thyroid tumourmour is usually regarded as a neoplasm, but may be an
with oncocytic features as malignant [2]. Subsequemicocytic variant of the benign lymphoepithelial cysts
studies have clearly demonstrated that — as for any otteemd in the parotid gland and one of a spectrum of simi-
encapsulated follicular neoplasm — the conventional clias lesions found in the head and neck region [82].
teria of vascular and capsular invasion can be success€ells with oncocytic features (oxyphil cells) are nor-
fully applied to predict malignant behaviour [14, 18inally present in the parathyroid gland, where they first
(Fig. 4). However, it is important to recognize that tha&ppear around puberty, increase in number with ageing
overall mortality rate of oncocytic carcinoma [18] apand are often arranged in discrete nodular collections
pears to be considerably higher than that of papilldi4]. A variable proportion of oncocytic cells is also
[17] or follicular [53] carcinoma. It is not known whethpresent in both adenomatous and hyperplastic parathy-
er the increased mortality is related to the intrinsic bimid nodules and the term oncocytic should therefore be
logical and proliferative properties of oncocytic carcinagestricted only to those lesions that are composed virtual-
mas or to decreased competence in iodine-131 uptikentirely of oncocytic cells. When strictly defined, on-
[32]. Oncocytic adenomas and carcinomas lacking tbecytic adenoma is estimated as representing under 5%
nuclear cytological features of papillary carcinomaf all parathyroid adenomas associated with hyperpara-
sometimes have a papillary architecture. These uncdimyroidism [98]. The distinction between small nonfunc-
mon neoplasms seem to retain the clinicopathologi¢@ining adenomas and age-related nodular aggregates of
features of Hurtle cell tumours (lower incidence afncocytic cells may be impossible. Oncocytic carcino-
lymph node metastases and higher disease-related mmas of the parathyroid gland are a rare occurrence but
tality when malignant) [6, 73]. Conversely, a subtype bfve been documented in the literature [60].
papillary carcinoma with a distinctive pink cytoplasmic Fibrolamellar carcinoma, also known as fibrolamellar
appearance, arising in the background of lymphocytiacocytic hepatoma or oncocytic hepatocellular tumour,
thyroiditis and with clinical behaviour similar to that ofs an uncommon but well-documented example of a pri-
conventional papillary carcinoma, has recently been regary oncocytic neoplasm of the liver. It is considered a
ognized [3, 9]. variant of liver cell carcinoma and features distinctive

Size is an important factor in determining the meterorphological (neoplastic hepatocytes with oncocytic
static potential of renal neoplasms [34], but the large ntdrange and fibrosis) and clinical characteristics (favour-
jority of oncocytic tumours in the kidney do not metastable prognosis, occurrence in a young patient population,
size, regardless of their dimensions. There has therefaak of association with cirrhosis) [23, 78].
been a growing tendency to consider them as benignOncocytic change is known to occur in the normal ad-
[25], or extremely low-grade malignant tumours [65nohypophysis [52] as well as in pituitary adenomas.
provided that strict morphological criteria are applietihe term pituitary oncocytoma is generally used to mean
[25, 65]. Oncocytomas need to be separated from reoaly those tumours with widespread oncocytic change.
cancers featuring eosinophilic cells with granular cytés a rule, these tumours are not associated to any signifi-
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cant hormone production and are therefore regarded as Restriction fragment length polymorphism (RFLP)
subtype of null cell adenomas [51]. Oncocytic neoplasmsalysis demonstrated that unbalanced losses of genetic
have also been described in other endocrine glands, suelterial are relatively more common among thyroid than
as the adrenal gland and the ovary [29, 66, 100]. among renal oncocytic neoplasms, in keeping with their
Neuroendocrine tumours with oncocytic features ageeater malignant potential [85]. Loss of heterozygosity
well documented at various sites originating from thHeom the long arm of chromosome 10 was the only ge-
embryonal foregut, including the larynx [81] and theetic alteration detected by RFLP in both thyroid and re-
lung (oncocytic carcinoids) [77], but also in the pancreaal oncocytic tumours and may therefore be pathogeneti-
[70] and in the thyroid as a variant of medullary carcinoally relevant [85].
ma [42]. Skeletal muscle cells in patients with mitochondrial
Oncocytic neoplasms also occur in the sinonasal escephalomyopathies [26] may exhibit what could be
gion [7, 41] and in the lung [31]. An intraductal oncocytonsidered a particular type of oncocytic metaplasia.
ic tumour of the pancreas with distinctive papillary affhis class of degenerative neuromuscular disorders was
chitecture and low-grade malignant behaviour has ieitially defined on the basis of ultrastructural alterations
cently been recognized [1]. Lesions featuring oncocytitthe mitochondria of the skeletal muscle cells of the af-
cells are known to occur in the larynx (ventricular cystected patients. Sometimes mitochondria accumulate in
[13, 35] and in the ocular adnexa (in particular the cardarge aggregates and display a variety of morphological
cle and the lacrimal sac [10, 64]. Rare oncocytic tumowiserations, including abnormal cristae and inclusions.
have also been described in the breast [22] and in &ithough the morphological changes in the mitochondria
prostate gland [8]. Recent reports, all including the rare nonspecific, similar alterations have been described
sults of ultrastructural examination, have documented iheoncocytic neoplasms [86] (Fig. 3). Histologically, the
occurrence of oncocytic neoplasms in the skin [75], safjgregates of mitochondria are easily visualized by a
tissues [67], the haematolymphoid system [12] and tmedified Gomori stain as purplish patches giving the
meninges [72]. The oncocytic variant of meningioma hakeletal muscle cells a characteristic ragged-red appear-
been associated with a relatively aggressive behaviauace [26]. The effort to characterize the biochemical and
[72]. genetic defects involved in mitochondrial encephalomyo-
pathies has resulted in significant advances in our under-
standing of the physiology and pathology of mitochon-
Unravelling the pathogenesis dria and in a more specific definition of this class of neu-
romuscular diseases [79]. Loss of function of key com-
In addition to the characteristic morphological altergonents of the oxidative phosphorylation process as a re-
tions, a variety of molecular and biochemical changsslt of mitochondrial DNA (mtDNA) abnormalities such
have been described in oncocytic tumours. For instanag,point mutations or deletions often represents the un-
DNA content profiles after flow cytometry are commorderlying biological defect [79] and may result in a com-
ly abnormal. Thyroid oncocytic neoplasms, includingensatory increase of mitochondria in the myopathies
histologically benign tumours, are often aneuploid [1&jth ragged-red fibres [26]. Cases of infantile oncocytic
49], a finding that parallels the common occurrence @fistiocytoid) cardiomyopathy are also characterized by
nuclear atypia and anisocytosis on histological sectictsnormal accumulation of mitochondria in the cardiac
[84] (Fig. 1). The demonstration of aneuploid or polynyocytes [11, 33, 56, 80], and it is likely that similar
ploid DNA content in thyroid oncocytic tumours doemtDNA alterations are the underlying genetic abnormali-
not help in differentiating adenomas from carcinom#g in at least a proportion of cases. One of the patients
[15]. It has however, been suggested that in those thyraith infantile oncocytic cardiomyopathy featured a set of
tumours that are histologically malignant (associatsgistemic pathological abnormalities with oncocytic
with capsular or vascular invasion), aneuploidy might lobange in the endocrine glands [80].
a marker for a particularly aggressive clinical behaviour Mitochondrial DNA comprises less than 1% of the to-
[15, 71]. Renal oncocytomas may also show abnorntal DNA in eukaryotic cells but is a distinct species with
DNA content [71]. its own genetic code and a circular molecular structure
A fair number of renal oncocytomas has been analimilar to that of a plasmid. In humans, mtDNA mole-
sed by conventional cytogenetics and comparative geles are 16,569 bp long, and it is estimated that there
nomic hybridization demonstrating at least two subre 2—-10 mtDNA molecules per mitochondrion. The en-
groups of tumours: those with loss of chromosomestie sequence of MtDNA has been characterized [93] and
and Y and those with rearrangements involving 11g&8codes for 13 proteins (all essential components for the
[59, 69, 92]. In general, oncocytomas exhibit few karymitochondrial oxidative phosphorylation process), 2 ri-
typic alterations compared with renal cancers [69] abdsomal RNA (rRNA) and 22 transfer RNA (tRNA).
cytogenetic analysis is helpful in the differential diagn®oth rRNAs and tRNAs are specific for mitochondrial
sis since the former lack chromosomal deletion at theotein synthesis, which is at least in part independent of
site of the von Hippel-Lindau gene on the short arm thfat occurring in the cytoplasm of eukaryotic cells [5,
chromosome 3, which is the hallmark of renal cell car¢i9]. This is in keeping with the hypothesis that mito-
noma [68]. chondria are the result of endosymbiotic evolution of
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bacteria specialized in oxidative phosphorylation withio correlate with adequate cellular performance and, at
eukaryotic cells. During philogenesis, however, contrigast in the thyroid gland, oncocytic cells exhibit de-
of the respiratory function has been progressively takerased iodide uptake [32], reduction in the total protein
over by the nuclear genes which in humans encode dod in the thyroglobulin content, and lower peroxidase
90% of the mitochondrial respiratory chain proteins amehd iodination activity with poor iodination of thyro-
for the enzymes necessary for mtDNA replication amdbbulin [91]. These findings suggest a defect in the en-
transcription [5]. There are other characteristic featuregy production machinery of the cell and indicate that
of the mitochondrial genome are. (1) Few noncoding gbe increased mitochondrial content is compensatory.
guences (introns) are present [93]. (2) Replicative segrmwever, proteins uncoupling the oxidative phosphory-
gation in the dividing cells of an organism, with a threskation process, such as those physiologically expressed
old for phenotype expression that is dependent on thethe brown fat are not present in oncocytic tumours
number of mtDNA molecules with the specific mutarj28]. Alterations of mtDNA may underly the deficit in
marker within a given cell [79]. (3) Its inheritance is manergy production and result in the abnormal accumula-
ternal, since mitochondria are inherited through the dien of mitochondria, but the existence and the relevance
cocyte (it is estimated that under 0.1% of the mitochooi specific mtDNA alterations in oncocytic neoplasms
dria are contributed by the sperm at fertilization) [36jequire further investigation [28, 85, 97]. The
(4) It has naturally occurring polymorphic sequencestDNA4977 associated with cellular ageing is present in
which are valuable tools for population genetic analysiacocytic neoplasms [85], but it has also been detected
[16]. (5) The copy number is higher (1000-10,000) thamthe adjacent non neoplastic tissue and represents only
for nuclear genes which are present as only two allelesitow proportion of the total mtDNA content in both thy-
the dipoid cell; this makes mtDNA polymorphism partiaoid and renal oncocytic tumours [85]. That this and oth-
ularly suitable for forensic identification of human reer large mtDNA deletions are unlikely to play a major
mains, including bone fragments or partially deconpart in the development of the oncocytic phenotype is
posed tissue [44]. (6) Unlike nuclear DNA, mtDNA moleonsistent with the general detection of functional activi-
ecules are not protected by histones and other proteipsf the oxidative phosphorylation complexes [28, 90],
In contrast, they are exposed to the damaging effectwath the lack of identifiable abnormal mtDNA species
oxygen free radicals, a natural by-product of mitochoafter restriction endonuclease analysis and Southern
drial oxidative phosphorylation. As a result, mtDNA haslotting [28, 85] or sequential amplification of the entire
a high mutation rate, estimated at approximately ffitochondrial DNA [85]. However, the occurrence of
times that for nuclear DNA [79]. relatively small mtDNA deletions cannot be ruled out. In

A variety of diseases such as ischaemic heart disedaet, although a rare occurrence, a novel mtDNA dele-
late-onset diabetes mellitus, Alzheimer’s disease, Parliion involving the oxidative phosphorylation complex |
son’s disease and Huntington's disease, have been alae-been detected in renal cell carcinoma [45]. Prelimi-
ciated with mtDNA alterations analogous to those foumary results of the screening with allele-specific oligonu-
in the mitochondrial encephalomyopathies [94]. In faatleotides of oncocytic tumours for specific mtDNA point
large mtDNA deletions (such as the one of approximatautations known to be associated with a variety of mito-
ly 5,000 bp designated mtDNA), which are present atchondrial disorders has revealed base substitutions in
high levels in several mitochondrial encephalomyopateveral thyroid and renal oncocytic neoplasms. However,
hies [79], seem to accumulate progressively in ageitigse were also detected in the corresponding nonneo-
normal tissues [21], and it has been suggested that gdastic tissue, and their role is unclear [50]. The abnor-
ing and age-related degenerative disease might be thexrat accumulation of mitochondria in oncocytic tumours
sult of a decline in oxidative phosphorylation capacity associated with a 4- to 5-fold increase in mtDNA in
caused by the accumulation of mtDNA deletions [S5Bpth renal and oncocytic neoplasms [85]. This increase
94]. is not accompanied by a parallel rise in mitochondrial

Although the type of cellular derangement(s) causiRINA transcripts [83], despite the enhanced expression
the abnormal accumulation of mitochondria in oncocytid nuclear genes involved in the mitochondrial oxidative
neoplasms is obscure, there are important featuregiracess to parallel the increased mtDNA levels and ab-
common with mitochondrial encephalomyopaties, imormal accumulation of mitochondria [43]. These find-
cluding some of the ultrastructural alterations of the niirgs are compatible with poorly functioning or nonfunc-
tochondria [86]. Numerous key components of the oxienal mitochondria in oncocytic neoplasms and suggest
dative phosphorylation machinery have been identifiitat the excess of mitochondria may be the result of a
histochemically or immunohistochemically in oncocytipartial block of RNA transcription in the mitochondria
lesions of the thyroid, kidney, parathyroid gland and salr of decreased RNA stability. Alternatively, the relative
ivary gland [28, 46, 58, 62, 90], but only a partial defdecrease in mitochondrial transcript levels might result
ciency of cytochrome-C-oxidase in oncocytic nodules fsbm feedback signals inhibiting the uncontrolled pro-
hyperplastic or adenomatous parathyroid glands Hhastion of RNA transcripts should the abnormal accu-
been found [58]. Oncocytes have traditionally been maulation of mitochondria be driven by alteration(s) of
garded as cells with active metabolism and high levelstbé nuclear genes which normally control the replication
oxidative enzymes [90]. However, this does not appedrmitochondria.
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In conclusion, although the biogenesis of mitochof®. Carlsoo B, Domeij S, Helander HF (1979) A quantitative ul-
dria in oncocytic cells is obviously abnormal and its rela- ”asgruau_ra' study of a parotid oncocytoma. Arch Pathol Lab
tionship to the development of tumours still obscure, thg Med 103:471-474

. . . h oo Christie AC (1967) The parathyroid oxyphil cells. J Clin Pa-
importance of the biological processes involved justifies thol 20:591-602

the study of the cellular alterations in oncocytic lesior&l. Cortopassi GA, Shibata D, Soong NW, Arnheim N (1992) A
These may represent a valuable model and investigatiorpattern of accumulation of a somatic deletion of mitochondrial

of their aetiology may contribute to a better understand- ggf%%_ggg‘f human tissues. Proc Natl Acad Scai USA

ing of complex and diverse cellular functions such as peg- costa MH, Silverberg SG (1989) Oncocytic carcinoma of the
liferation, regulation of energy production and ageing. male breast. Arch Pathol 113:1396-1398
23. Craig JR, Peters RL, Edmondson HA, Omata M (1980) Fibro-
lamellar carcinoma of the liver. A tumor of adolescents and
young adults with distinctive clinicopathologic features. Can-
cer 46:372-379
24. Davidson AJ, Hayes WS, Hartman DS, McCarthy WF, Davis
1. Adsay NV, Adair CF, Heffess CS, Klimstra DS (1996) Intra- CJ Jr (1993) Renal oncocytoma and carcinoma. Failure of dif-
ductal oncocytic papillary neoplasms of the pancreas. Am J ferentiation with CT. Radiology 186:693-696
Surg Pathol 20:980-994 25. Davis CJ, Sesterhenn IA, Mostofi FK, Ho CK (1991) Renal
. American Cancer Society: Statistics Committee, Subcommit- oncocytoma: clinicopathological study of 166 patients. J Uro-
tee (1951) Manual of tumor nomenclature and coding. Ameri- genit Pathol 1:41-52
can Cancer Society, New York 26. DiMauro S, Bonilla E, Zeviani M, Nakargawa M, DeVivo DC
. Apel RL, Asa SL, LiVolsi VA (1995) Papillary Hurtle cell car-  (1985) Mitochondrial myopathies. Ann Neurol 17:521-538
cinoma with lymphocytic stroma: “Warthin-like tumor” of the27. Doniach | (1960) Thyroid tumors, 7th edn. (Recent advances
thyroid. Am J Surg Pathol 19:810-814 in pathology) Harrison, London
. Askanazy M (1898) Pathologish-anatomische Beitrdge 8. Ebner D, Rodel G, Pavenstaedt |, Haferkamp O (1991) Func-
Kenntnis des Morbus Basedowii, insbesondere Uber die dabeitional and molecular analysis of mitochondria in thyroid onco-
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