Virchows Arch (1998) 433:209-215 © Springer-Verlag 1998

ORIGINAL ARTICLE

Kurt W. Schmid - Christian Ensinger

“Atypical” medullary thyroid carcinoma
with little or no calcitonin expression

Received: 20 February 1998 / Accepted: 23 May 1998

Abstract In a retrospective analysis of 142 medullarptrathyroidal parathyroid tumours [8, 34], primary oat-
thyroid carcinomas, four sporadic cases with an unusoall carcinoma of the thyroid [9], and metastatic neuro-
histological and immunohistochemical appearance wemdocrine tumours of the thyroid [26] have repeatedly
found. Three cases (two males, one female) had very fasen described in the literature. Since MTC may be in-
calcitonin-positive tumour cells, while the fourth casdistinguishable on morphological grounds, various meth-
(male) completely lacked calcitonin immunoreactivity ads, including immunohistochemistry, in situ hybridisa-
both mRNA and protein levels, whereas a variety of ndien, and electron microscopy, have been applied to ar-
roendocrine markers were positive in at least 50% of tive at the final diagnosis.

mour cells. The four tumours were completely devoid of We describe four cases of well-differentiated neuroen-
carcinoembryonic antigen expression and of amyloidlocrine tumours of the thyroid with strong expression of
Differential diagnosis and histogenetic considerationsuroendocrine markers (chromogranins, synaptophysin,

are discussed. NSE) but very little or complete lack of calcitonin. The
differential diagnosis and possible origin of such tu-
Key words Neuroendocrine thyroid tumour - mours are discussed.

Medullary thyroid carcinoma - Lack of calcito:in

Materials and methods

Introduction

Routinely processed formalin-fixed and paraffin-embedded tis-
Neuroendocrine tumours of the thyroid designated sugs from 142 MTC were retrieved from the files of the Depart-
medullary thyroid carcinoma (MTC) are defined as ngent of Pathology, University of Munster/Westphalia, Germany,

li d of cells showi id and the Department of Pathology, University of Innsbruck, Aus-
malignant tumours composed of cells showing evidengg The present series was made up of 34 familial MEN 2A- and

of C cell differentiation andsuallycontaining calcitonin 2B-associated cases (23 female, 11 male patients aged 6-47
[16]. Although calcitonin is present in the vast majorityears, mean 20.8 years) and 108 sporadic tumours (71 female, 37
of MTC and many cases show extensive calcitonin dnale patients aged 22-86 years, mean 49.2 years). The tumour

L . : PR . Size ranged from 0.3 to 3.5 cm in the familial cases and from 0.8
pression immunohistochemically, calcitonin positivity I8 3'cm in the sporadic cases.

occasionally restricted to very few cells or small and fo- |n all cases immunohistochemical staining with antibodies
cal areas [14, 32]. However, according to LiVolsi [24], #gainst calcitonin, chromogranin A, carcinoembryonic antigen
seems to be impossible to define a tumour as MTC il GEA), and thyroglobulin were routinely performed (for antibody

TR, ; ; ; sources and dilutions see Table 1). These immunohistochemical
does not produce calcitonin; the diagnosis aiaiito stains were reassessed and cases were categorised according to the

nin-freeMTC should only be made within a familial setstaining reaction patterns found. The four cases described in detail

ting or if the tumour occurs in a thyroid with unequivowere further investigated with a variety of antibodies (see Table 1).
cal C cell hyperplasia [24]. Human calcitonin mRNA was detected using a 28-29 mer 5’
The thyroid gland can be the site of other neuroendlgoxigenin-labelled probe mixture (British Biotechnology Prod-

crine tumours than MTC. Paraganglioma [3, 7, 21, Zzﬁﬁisﬁgéoé?s’ey\,m}gg%]!n situhybridisation protocol has been
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Table 1 Source, pre-treatment,

and dilution of antibodies ap- Antibody Source Antigen retrieval Dilution
lied

P Calcitonin Immunotech - 1:15
Carcinoembryonic Dako - 1:400
Thyroglobulin Immuntech - 1:10
Chromogranin A Immunotech - 1:10
Chromogranin B R. Fischer-Colbrie, - 1:4000

Innsbruck, Austria
Secretogranin Il R. Fischer-Colbrie, - 1:500
Innsbruck, Austria

Calciton in gene-related paptide Amersham - 1:3200
Neurone-specific enolase Dako - 1:1500
Synaptophysin Boehringer - 1:20
Somatostatin Dako - 1:1600
Adrenocorticortropic hormone Dako - 1:600
Parathyroid hormone B. Jasani, Cardiff, UK — 1:1600
S-100 protein Dako - 1:6000
Vimentin Imunotech - 1:2
Cytokeratin 5/6 Medac Wet autoclaving [2] 1:1000
Cytokeratin 7 Medac Wet autoclaving 1:10
Cytokeratin 8 Medac Wet autoclaving 1:20
Cytokeratin 13 Progen Wet autoclaving 1:1500
Cytokeratin 14 Medac Wet autoclaving 1:300
Cytokeratin 18 Sigma Wet autoclaving 1:800
Cytokeratin 19 Medac Wet autoclaving 1:800
Cytokeratin 20 Progen Protease 1:50
p53 (CM-1) Medac Wet autoclaving 1:10,000
p53 (DO-7) Medac Wet autoclaving 1:250
p53 (Ab 1801) Medac Wet autoclaving 1:400
p53 (Ab 240) Medac Wet autoclaving 1:50

majority of tumour cells in all familial cases (see Tgerplasia were demonstrated in the adjacent thyroid pa-
ble 2). In sporadic cases the proportion of cells with esenchyma. Additional immunohistochemical stains re-
pression of these three markers ranged from almostvaddled strong positivity for neurone-specific enolase
tumour cells to very few. In some cases calcitonin-infFig. 6). Broad-spectrum cytokeratins (antibody KiI-1),
munoreactive cells were substantially outnumbered bytokeratin 7, 8 and cytokeratin 19 (Fig. 7) were found
chromogranin A-immunoreactive cells. In less well-difin the majority of tumour cells, whereas cytokeratin 18
ferentiated cases CEA immunoreactivity was usualyas detectable in some tumour areas in two cases. Cal-
stronger than calcitonin and/or chromogranin A stainstonin-gene-related peptide (CGRP) was found in a few
These findings were independent of the histological suiells in two cases, whereas the remaining two cases
type of MTC. With the exception of entrapped follicledacked CGRP completely.
all cases investigated lacked convincing thyroglobulin Focal vimentin positivity was observed, predomi-
immunoreactivity. nantly in spindle cell areas. A few somatostatin- (Fig. 8)
Three cases (two men and one woman, aged 28, &tj ACTH-immunoreactive cells and focal chromogra-
and 45 years, respectively) showed very few calcitonimn B and secretogranin Il positivity (the latter two
positive cells (Fig. 1); a fourth case (37-year-old mamainly in the same areas as chromogranin A) were addi-
lacked calcitonin immunoreactivity completely. The imtional immunohistochemical findings. Negative immu-
munohistochemical calcitonin pattern observed wasreactivity was found with antibodies against seroto-
confirmed in these four cases by a similar mRNA paiin, parathyroid hormone (PTH), S-100 protein, p53
tern in in situ hybridisation. All four cases showed difantibodies CM-1, DO7, PAb240, PAb1801), and cyto-
fuse chromogranin A positivity in more than 50% of tukeratins 5, 6, 13, 14, and 20.
mour cells (Fig. 2) and a complete lack of CEA and thy-
roglobulin immunoreactivity (Fig. 3). All tumours were
grossly encapsulated but showed vascular and/or capsgli-1 Atypical medullary thyroid carcinoma with a single cal®i-
lar invasion and an admixture of organoid clusters @hin-positive tumour cell. APAAP, x21.0
trabecular structures histologically. These consisted @§. 2 The same tumour as shown in Fig. 1, with numerous chro-
rather uniform cells (Fig. 4) and areas with some emeogranin A-positive tumour cells. APAAP, x130
larged, hyperchromatic nuclei (Fig. 5). In the latter aregg 3 Grossly encapsulated thyroglobulin-negative tumour with
a somewhat greater mitotic activity was observed. Amgeme entrapped thyroglobulin-positive nonneoplastic follicles.
loid was not detectable by means of Congo red stainiAgfAAP, x4C

although three tumours showed a slightly hyalinisegly. 4 Tumour area with organoid clusters and trabecular struc-
stroma. Normal C cells without evidence of C cell hydres. Some cells show enlarged nuclei. H&E, %40
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Three patients are tumour free after a mean obserlable 2 Immunohistochemical patterns of classic and “atypical”
tion time of 47.4 months; one male patient develop@gedullary thyroid carcinoma, — negative; + few positive cells;
lymph node metastases 19 months after the operation/°C2! POSitivity; +++ majority of tumour cells posith 2)

These were not available for immunohistochemical igntibody Classic Atypical
vestigation. Although there was a clinical suspicion of MTC MTC
malignancy in three cases, all patients lacked clinica—
symptoms of MTC. Postoperative MEN family screenirg?/citonin o T I+
was negative in all four cases. None of the patients inoembryonic antigen e+ -
any signs of a neuroendocrine carcinoma that might hagroglobulin - -
metastasised to the thyroid. Granins (chromogranins A and B,

secretogranin Il) ++/+++ ++/+++

Calcitonin gene related peptide ++/+++ —/+
Discussion Neurone specific enolase ++/+++ +H/+++

Synaptophysin ++/+++ ++/+++
All unusual tumours of the thyroid should be investigate&dmatostatin —/+ —/+
immunohistochemically [28, 46] with antibodies againsicTH —I+ —I+
thyroglobulin, calcitonin, CEA and chromogranin A [38]parathyroid hormone _ _
However, defining a thyroid tumour as MTC on thg.100 protein _ _
grounds of very small numbers of calcitonin-positivgentin e+ o+
cells remains a matter of subjective judgement. Neverthez | .-+ VA A
less, we suggest that the term MTC is appropriate, desp tokeratin 7 YN /it
lack of calcitonin production, which was clearly not orig- ' veratin 8 ot ot
inally described by Hazard et al. [15] as a diagnostic cri=Y > an
terion. Any attempt to evaluate a calcitonin-free, jm-CYtokeratin 18 T I+
munohistochemically proven neuroendocrine tumour ofytokeratin 19 I+ T

the thyroid involves an obvious dilemma. If we deny theCytokeratins 5, 6, 13, 14, 20 - -
existence of calcitonin-negative MTC, we also have to i3 (CM-1, DO7, Ab1801, Ab240) - -

ject S-100 protein-negative paragangliomas or parathy-

roid hormone-negative parathyroid tumours. Parathyroid

tumours can occur without hyperparathyroidism, angined only a few tumour cells with calcitonin immuno-
paragangliomas can be S-100 protein negative [19]. Aeactivity. A completely calcitonin-negative MTC de-
cordingly, it seems to be conceivable that expressionsafibed by Sobol et al. [41] showed only weak to moder-
calcitonin may be lost during MTC progression. ate CEA positivity.

The four cases presented (originally diagnosed aslmmunoreactivity for NSE has been detected in dif-
MTC on the grounds of their expression of neuroenderent thyroid tumours [10]. In most of these, tumours
crine markers such as chromogranins) exhibit immun€¥SE positivity seems to reflect an unusual metabolic
histochemical patterns already observed in other seseste of the tumour cells rather than neuroendocrine dif-
of MTC (Table 2). Calcitonin may be present only in #rentiation [4, 33]. The demonstration of other neuroen-
few tumour cells [14, 20, 47] or may be completely lacklocrine markers (chromogranins A and B, secretogranin
ing [14, 41]. Usually the pattern of chromogranin A imH, synaptophysin) in the four tumours of this series con-
munoreactivity resembles that of calcitonin reactivifirmed their true neuroendocrine nature. These markers
[14, 37]; however, some MTC show a greater proportiafso exclude mucoepidermoid carcinoma of the thyroid
of chromogranin-A immunoreactive than of calcitonif10, 33, 43]. As stated above, the lack of S-100 protein
immunoreactive tumour cells [14]. Rare cases of chraad parathyroid hormone does not entirely exclude the
mogranin A-negative MTC have been described [29], mare paraganglioma of the thyroid [3, 21] or intrathyroi-
chromogranin A was detectable in all 142 MTC of th#dal neoplastic or hyperplastic parathyroid tissue. In addi-
present series. Completely CEA-negative MTC hatien, we have recently shown that hyperplastic parathy-
been described by Krisch et al. [20]. Interestingly in thewid tissues can express calcitonin both at the mRNA and
series of 30 MTC, 3 out of 4 MTC without CEA conat the protein level [39].

The differential diagnosis also includes hyalinising

trabecular tumours [5]. This distinct type of thyroid neo-
Fig. 5 Tumour areas with loose stroma consisting of polygonglasm can have a similar histological appearance, as well
and spindle cells. Note some enlarged hyperchromatic nucgé immunohistochemical expression of chromogranin A,
H&E, x40 somatostatin, and NSE [18, 40]. However, a constant

Fig. 6 Strong NSE positivity in almost all tumour cells. APAAPha|imark of hyalinising trabecular tumours is their thyro-
x40) globulin expression [5, 18, 40]. An encapsulated variant
Fig. 7 Tumour area with pronounced positivity for cytokeratin 1%f MTC resembling hyalinising trabecular adenoma has
APAAP after wet autoclave pretreatment for antigen retrieval, *25Qisq peen described; both tumours, however, showed

Fig. 8 Somatostatin-positive tumour cell. APAAP, x50 strong calcitonin immmunoreactivity in the majority of
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tumour cells [17]. The four tumours in our series werd. Cameselle-Teijeiro J, Febles-Pérez C, Sobrinho-Simoes M
well-differentiated tumours, virtually excluding primary (1995) Papillary and mucoepidermoid carcinoma of the thyroid

- . . with anaplastic transformation. Pathol Res Pract 191:1214-1221
oat-cell carcinoma of the thyroid [9] and metastatic deS. Carney JA, Ryan J, Goellner JR (1987) Hyalinizing trabecular

posits of neuroendocrine carcinomas to the thyroid [26].  adenoma of the thyroid gland. Am J Surg Pathol 11:583-591
We have recently suggested a possible thymic origié Chan JKC, Rosai J (1991) Tumors of the neck showing thymic
for neuroendocrine thyroid tumours with very little or no or related branchial pouch differentiation: a unifying concept.

. . - - Hum Pathol 22:349-367
calcitonin expression [35]. Thymic rests or remnants of 5o'rrics E, Watson CG (1989) Paraganglioma of the thyroid.

branchial pouches that retain the potential to differentiate jead Neck 11:462-465
along the thymic line may give rise to thyroid tumours. De la Cruz-Vigo F, Ortega G, Gonzales S, Martinez JI, Cruz-
[6, 13]; these tumours are ectopic cervical thymoma, ec-Leiva J, Galvez R, Menendez JM, Yuste P (1997) Pathologic

; ; ; ; intrathyroidal parathyroid glands. Int Surg 82:87-90
to.pr'wc Eama”‘?.’l?atg.‘%s thymoma, Sg’l'zrf.ll.‘f_ép'the"al WUMOY E\sebi v, Damiani S, Riva C, Lloyd RV, Capella C (1990)
with thymus-like differentiation (SE ), O carcino- ™ caicitonin-free oat-cell carcinoma of the thyroid gland. Vir-
ma showing thymus-like differentiation (CASTLE). (For chows Arch [A] 417:267-271
an overview see [31].) However, neuroendocrine diffel. Franssila KO, Harach HR, Wasenius V-M (1984) Mucoepider-

iati i i _ moid carcinoma of the thyroid. Histopathology 8:847-860
ﬁ,]ntlartlonf hats tir\]IOttﬁomfiar E,)ie?nn attributed to thyroid t 1. Harach HR, Bergholm U (1992) Small cell variant of medul-
ours of putative thymic origin. . lary carcinoma of the thyroid with neuroblastoma-like fea-
Morphologically, MTC show a broad variety of pat- tures. Histopathology 21:378-380
terns, including a spindle cell form, a pigmented fora®. Harach HR, Bergholm U (1993) Medullary carcinoma of the
[25] a small cell form [1’ 11], and a carcinoid-like vari- thyroid with carcinoid-like features. J Clin Pathol 46:113-117

; ; Harach HR, Day ES, Franssila KO (1985) Thyroid spindle-cell
ant [12]. These histological patterns can also be observé umor with mucous cysts. An intrathyroidal thymoma? Am J

in carcinoid tumours of the thymus: a spindle cell type syrg pathol 9:525-530
[22, 42], a pigmented form [45], and even a subtype. Harach HR, Wilander E, Grimelius L, Bergholm U, Westermark
strongly resembling MTC with an amyloid-containing P. Falkmer S (1992) Chromogranin A immunoreactivity com-

stroma [30, 44, 45]. Virtually all immunohistochemical Pared with argyrophilia, calcitonin immunoreactivity, and amy-

! ! . . loid as tumor markers in the histological diagnosis of medullary
markers found in thymic carcinoids, such as NSE, Leu 7, (c_cell) thyroid carcinoma. Pathol Res Pract 188:123-130
synaptophysin, chromogranin A, protein gene produd. Hazard JB, Hawk WA, Crile G Jr (1959) Medullary (solid)
9.5, epithelial membrane antigen, neurofilament, so- carcinoma of the thyroid — a clinicopathologic entity. J Clin
matostatin, serotonin, met-enkephalin, leu-enkephaljn, Endocrinol 19:152-161

: . edinger C, Williams ED, Sobin LB (1988) Histological typ-
and beta-endorphin have also been demonstrated in ng of thyroid tumours. In: International histological classifi-

(for reviews see [24, 36]). Nevertheless, calcitonin can cation of tumours. (WHO 2nd series, no 11) World Health Or-
be regularly demonstrated in carcinoid tumours of the ganization, Geneva _
thymus [23, 44]. However, there is currently no specifid- Huss LJ, Mendelsohn G (1990) Medullary carcinoma of the

. ; ; i thyroid gland: an encapsulated variant resmebling the hyalini-
marker available to prove the putative thymic origin of zing trabecular (paraganglioma-like) adenoma of thyroid. Mod

those tumours. _ _ _ Pathol 3:581-585
With no specific markers available, it may be less in8. Katoh R, Jasani B, Williams ED (1989) Hyalinizing trabecular
portant to argue about the histogenetical background ofadenoma of the thyroid. A report of three cases with immuno-

(almost) calcitonin-free neuroendocrine tumours of the histochemical and ultrastructural studies. Histopathology 15:
211-224

thyr_O'd than to documem the eX'Sten_Ce and biological bg: kjiewer KE, Cochran AJ (1989) A review of the histology, ul-
haviour of these obviously rare “atypical” MTC. Molecu- trastructure, immunhistology, and molecular biology of extra-
lar pathological methods may offer further clues for the adrenal paragangliomas. Arch Pathol Lab Med 113:1209-1218
better characterisation of primary neuroendocrine caréf: Krisch K, Krisch I, Horvat G, Neuhold N, Ulrich W (1985)

. ) . L The value of immunocytochemistry in medullary thyroid
nomas of the thyroid with little or no calcitonin expres- ¢arcinoma: a systemic study of 30 cases. Histopathology 9:

sion. 1077-1089
21. LaGuette J, Matias-Guiu X, Rosai J (1997) Thyroid paragagli-
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