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Abstract Early thyroidectomy offers an opportunity oKey words Multiple endocrine neoplasia type 2a -
preventing the development of medullary thyroid caMedullary thyroid carcinoma - Calcitonin - Prophylactic
cinoma (MTC) in patients at risk for hereditary MTCthyroidectomy

We investigated the thyroid glands of 32 patients with

hereditary MTC to identify the changes in C-cell mor-
phology and to correlate these with plasma calcitoriwtroduction

(CT) levels and with clinical data. The entire thyroid

gland was processed for histological examination iabout 40 years ago, medullary thyroid carcinoma (MTC)
cluding immunostaining for CT. All glands revealed Gwas identified as a clinicopathological entity [12]. The
cell hyperplasia (CCH), and MTC was found in 2association of thyroid tumours and phaeochromocytomas
patients (66% of 32, youngest patient 6 years, youngas observed as early as 1952 [4], but it was not until the
est with lymph node metastases [LNM] 17 years). Tharly 1960s that the first reports on familial occurrence
transition from CCH to MTC was characterized bygf thyroid tumours and their frequent association with
destruction of the follicular basement membrane and jiyaecochromocytoma were published [3, 24]. It was rec-
diminished intensity of CT immunostaining. Normabgnized that the familial forms of thyroid carcinomas
plasma CT levels after provocation with pentagastfiyere most often of the medullary type and the name
were found only in patients with CCH. Basally elevateghultiple endocrine neoplasia’ (MEN)was proposed for
plasma CT levels were restricted to MTC. LNM werghe association [25].

only found in multifocal tumours at least 4 mm in diame- For many years, calcitonin (CT) served as the one
ter. It is not yet clear whether or not CCH in patientSmour marker, and its measurement remained the de-
at risk for hereditary MTC is a neoplastic change, bfititive test for prospective diagnosis of MTC [21]. In

in these patients the term ‘C-cell hyperplasia’ is @993, germline mutations in thRET proto-oncogene
doubtful value. All MEN gene carriers reveal CCHwere described as the initial step in the development
and almost all of them will develop multifocal MTCof the MEN2 syndrome [7, 19]. Since more than 90% of
so that CCH is probably a precursor lesion of an indubitgene carriers develop MTC, a ‘prophylactic’ thyroidecto-
bly malignant tumour. Prophylactic thyroidectomy igy is thought to be the best approach to prevent the de-
justified at the age of 6 to anticipate development ofvalopment of carcinoma in patients at risk. The possibili-
MTC. Lymphadenectomy is necessary in children if they of performing a thyroidectomy diEN2gene carriers

are older than 10 years or have elevated plasma CT lev@sconsidered even before their plasma CT levels became
pathologic [2, 8, 27, 28].
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tories, and since the normal and threshold values differed consid-
erably between laboratories, data were subdivided into three main

Patients were divided into two groups named prophylactic ag@oups with either basally and stimulated normal CT (group A),

symptomatic. Patients were prophylactic if tRET mutation ﬁ@sally normal but stimulated elevated CT (group B) and basally

Materials and methods

) . ted CT (group C), the normal values of the contributing labo-

was diagnosed before awareness of any symptoms, if no pathol a .

alterations of the thyroid gland or lymph nodes were detecta gnes being taken as reference levels.

by ultrasound and if the patient was under 25 years of age. All oth-

er patients were classified as symptomatic. Thus, the term ‘proph

lactic’ does not exclude either MTC or lymph node metasta&ygsuuis

(LNM) in the pathological specimen. There were 22 patients the ) o )

prophylactic group and 10 in the symptomatic group. A synopsis of clinical, molecular genetic, and morpholog-
The thyroid gland was divided vertically to separate the left afigh| data is shown in Table 1. CCH was recognizable in all

right lobes, and the two halves were sliced horizontally. After fiXas, ,ri
tion in formalin, the entire specimen was embedded in paraff?ﬂ.yro'd glands by H&E, but was more clearly apparent

Soft tissue adjacent to lymph nodes was processed separately. W&l CT immunostaining. The staining patterns ranged
matoxylin and eosin (H&E) and immunhistochemical staining féfom mild change with unilateral hyperplasia (2 cases, ag-
CT were assessed in each case. For CT immunostaining, the 58n3 and 9 years) to extensive changes with multifocal and

dard avidin-biotin complex peroxidase method was applied usingigateral occurrence of large clusters of C-cells. In mild
commercial polyclonal antibody (Immunotech, Marseilles, Franc

All available H&E slides were reviewed by two of the autho CH we observed an incre_ase(_j number of C-cells per fol-

(R.H. and H.J.H.). licle (focal CCH) and also ring-like C-cell clusters (diffuse
The criteria for C-cell hyperplasia (CCH) according to Wolf€CH) with eccentric or circular intrafollicular prolifera-

at al. [29] and DelLellis [5] were used. These defined CCH as g6 (Fig. 1a, b). In more advanced stages a nodular pat-

C-cells per thyroid follicle, and/or >50 intrafollicular CT-positiv ; : B
cells in at least one low-power (x100) field. %ern of hyperplasia was observed, with complete replace

The values for preoperative plasma CT levels (basal and afl@@nt of the pre-existing follicular epithelium. Some cells
stimulation with pentagastrin) were received from various laborghowed slight nuclear atypia, but the basement membrane

Table 1 Synopsis of clinical, molecular genetic and morphologphylactic (definition see text), hyperplasigmp.symptomatic (defi-
cal data INo. numberCT calcitonin i increasedZCH C-cell hyper- nition see text)n normal,i increasedn.d. not determined, + unilat-
plasia, MTC medullary thyroid carcinomd,NM lymph node met- eral, ++bilateral, (+/++) mild hyperplasia with focal COHi. not
atastasisPhaeo Phaeocromocytoman. male,f. female,pro. pro- investigated,tfyp) signs of mild hyperplasi-]

No. Age Sex Kin-  Indi- Mutation CT level CCH MTC Maximum  LNM Para- Phaeo.
(years) dred cation codon (DNA  basal/stim- Size (mm) thyroid
sequence) ulated gland
1 3 m Al pro 620 (CGCQC) n/i (+) - - n -
2 5 m pro 634 (CGC) n/i ++ - - n.i. -
3 6 f B1 pro 618 (GGC) n/i (++) - - n -
4 6 m A2 pro 620 (CGC) n/i (++) - - n -
5 6 m El pro 634 (CGC) ifi ++ + 2 - n.i. -
6 7 f C1 pro 634 (TAC) ifi ++ ++ 2,5 - n -
7 7 f E2 pro 634 (CGC) ifi ++ + 3 - n.i. -
8 8 m B2 pro 618 (GGC) n/i ++ - - n -
9 8 f pro 611 (TAC) n/n (++) - - n.i. -
10 9 f A3 pro 620 (CGC) n/i (+) - - n -
11 10 m G1 pro 634 (TTC) n/n ++ - - n -
12 11 m Cc2 pro 634 (TAC) ifi ++ ++ 5 - n -
13 11 f G2 pro 634 (TTC) n/n.d. ++ + 1,2 - (hyp.) -
14 13 f pro 634 (CGC) n/i ++ ++ 5 - n -
15 13 m F1 pro 620 (AGC) n/n ++) - - n -
16 13 m pro 634 (TCC) n/i ++ - - n -
21 13 f B3 pro 618 (GGC) n/i ++ ++ 3,5 - n.i. -
17 15 m B4 pro 618 (GGC) n/i ++ + 3 - n -
18 18 m F2 pro 620 (AGC) n/i ++ - - n -
19 20 m pro 634 (CGC) ifi (++) ++ 4 +(2/74) (hyp.) -
20 20 f D1 pro 634 (TAC) n/i ++ ++ 8 +(1/83) n ++
22 23 f pro 634 (TTC) i/ ++ ++ 7 - hyp.) -
23 17 f D2 symp. 634 (TAC) ifi ++ ++ 40 +(2/56) n.i. ++
24 24 f symp. 634 (TAC) ifi ++ ++ 10 - n.i. -
25 27 m symp. 634 (TAC) n/i ++ ++ 7 +(1/230) n -
26 31 f Ad symp. 620 (CGC) n/i ++ ++ 5 - n.i. -
27 34 f symp. 634 (TTC) ifi ++ ++ 7 - n.i. -
28 34 m D3 symp. 634 (TAC) ifi ++ ++ 5 +(2/98) n.i. ++
29 41 m D4 symp. 634 (TAC) ifi ++ ++ 8 +(10/98) n -
30 a7 f symp. 634 (TAC) i/ ++ ++ 22 - n.i. -
31 51 m symp. 634 (CGC) il ++ ++ 7 +(2/7) n ++
32 53 f symp. 768 (GAC) ifi ++ ++ 6 - n.i. -

aFigures in round brackets show no. of lymph node metastases/no. of lymph nodes investigated
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Fig. 1 aMild form of CCH with focal replacement of the pre-existished CT staining intensity accompanied by extensive CCH in the
ing follicular epithelium by proliferating C-cells. CT immuno-vicinity of the tumour. CT immunostaining, original magnification
staining, original magnification x10b More advanced stage ofx25e Small focus of MTC with moderate nuclear atypia of C-cells,
CCH with half-moon and ring-like C-cell clusters. Their smoottemarkable desmoplasia surrounding the tumour focus and inf-
outlines suggest the follicular basal lamina to be intact. CT iiitrative growth patterngrrow). HE, original magnification x400
munostaining, original magnification x1@Both focal CCH and Increasing cellular atypia within a small MTC focus with enlarged
diffuse spreading of C-cells between the pre-existing follicles ingielygonal or fusiform tumour cells, showing variations in nuclear
cates the transition to an invasive tumour. CT immunostaining, origrm and size as well as prominent nucleoli. HE, original magnifica-
inal magnification x20@ Small MTC (middle right) with dimin- tion x40(:
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Table 2 Correlation between age, size and number of thyroid gland tumours for all patients with medullary thyroid carcinona (n=21).

Age (years) Size (mm) Number of tumours per patient
Median Mean (range) Median Mean (range)
1-9 (=3) 25 2.5(2-3) 15 1.6 (1-2)
10-19 ( =6) 4.25 9.6 (1.2-40) 15 1.6 (1-2)
20-29 0 =5) 7 7.2 (3.5-10) 3 3.2 (2-7)
>30 (h=7) 7 8.6 (5-22) 2 2.7 (2-5)
Correlation between size and number of tumours in patients without and with LNM:
Without lymph node metastasis £14) 6.0 (2-22) 2.1 (1-7)
With lymph node metastasis €7) 11.3 (4-40) 3.0 (2-7)
Table 3 Correlation between preoperative calcitonin levels and morphology of C-cells §1=31)
Group Calcitonin No. Indication Morphology
for operation
basal Stimulated CCH MTC pNO MTC pN1

A Normal normal 3 pro. n=3
B Normal elevated 12 pro. n=8 n=3 n=1

2 symp. n=1 n=1
C Elevated Elevated 6 pro. n=5 n=1

8 symp. n=4 n=4

aOne patient was excluded because of lack of information on stimulated plasma calcitonin level (basal calcitonin leveiméthiange)

surrounding the follicle was intact. In large nodular clu&CH. Basal elevation of CT was observed exclusively in
ters of C-cells, obvious disruption of the follicular basg@atients with MTC and in all cases with metastases.
ment membrane marks the transition to early invasi@&mulated abnormal CT levels were demonstrated in 8
MTC (Fig. 1c, e). This step is reflected by a loss of follipatients with CCH (prophylactic group) and in 20 with
ular architecture and an increased amount of connectW&C (prophylactic and symptomatic groups; Table 3).
tissue surrounding the C-cells. The individual C-cells did
not show consistent cellular changes accompanying the
step from CCH to small foci of MTC. Advanced-stage hBiscussion
reditary tumours closely resembled sporadic MTC.

In our trial, the youngest patient with MTC was agethe data on the numbers of patients with MEN2 syn-
6 years. Multifocal MTC was present in more than 50#some-associateRET proto-oncogene mutation who de-
of patients aged 10-20 years and in almost 100% of palop MTC in the course of their lives vary considerably.
tients older than 20 years. The youngest patient wilome authors assume that 95% or mortMBN2 gene
LNM was 17 years old. Only bilateral tumours at leasarriers will develop MTC [9], and our study supports
4 mm in diameter developed LNM (Table 2). About 50%his assumption by showing MTC in more than 50% of
of patients older than 20 years of age had LNM. Tpatients aged 10-20 years and in 100% of patients older
youngest patient with bilateral phaeochromocytoma wian 20 years. In the literature, the earliest occurrence of
aged 17 years. The size of the primary tumour and tiereditary MTC (excluding MEN2B) was reported in a
number of tumour foci per patient increased with aghild aged 2.8 years [26] and the earliest metastasis at
(Table 2). The mean size and number of tumour foci wiie age of almost 6 years [10]. Our youngest patient har-
lower in patients without LNM than in patients withbouring MTC was 6 years old at the time of operation,
LNM (not significant). Immunostaining for CT showedand the youngest patient with LNM was 17 years old.
pronounced decoration of hyperplastic C-cells. In early Mild forms of CCH are reported to be difficult to dis-
MTC a clear dimininution of the staining intensity wasinguish from upper limits of normal C-cell density [6].
observed in unequivocally malignant tumours comparBécently it has been shown that both healthy infants and
with CCH foci in the vicinity of the tumour (Fig. 1d). Inadults may present CCH according to the established cri-
addition, there was definite variation within individualeria for adults [11]. Using morphological criteria alone
tumours and between different growth patterns when dife cannot prove that the mild unilateral CCH found in 2
ferent MTCs were compared. The most marked redwd-the children in our study is caused by the initial RET
tion was found in stroma-rich tumours. mutation and indicates a pathologic change. The elevated

Stimulated normal CT was found in 3 out of 22 cas€d level after stimulation would be a point in favour of
classified as prophylactic, which revealed mild forms tiis interpretation, but a false-positive response to penta-
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gastrin stimulation has been reportedRETmutation- creased unstimulated plasma CT levels were exclusively
negative members of MEN 2a families [17]. These ddiaked to carcinomas. Stimulated normal plasma CT lev-
emphasize the necessity of mutational analysis in gés were found only in patients with mild forms of CCH.
tients with mild forms of CCH, to rule out a hereditarin the literature, however, cases of MTC have been de-
form of MTC. Assuming that there is a step by step preeribed with unremarkable CT levels in patients with
cess from CCH to MTC in hereditay MTC with a lowMTC and elevated CT levels in patients with neither
rate of progression, at least in a few cases, the findingbfC nor RET proto-oncogene mutations [8, 1517, 28].
very mild forms (unilateral) of CCH in young children i§he majority of ‘prophylactic’ children showed normal
neither unusual nor unexpected. unstimulated and elevated CT levels after provocation
The transition from hyperplastic CCH to an invasiweith pentagastrin regardless of the histology (pure CCH,
tumour is defined by the destruction of the folliculaiTC without LNM, MTC with LNM). This situation
basement membrane [5, 6, 15, 20]. In practice, it is difimphasizes the limited value of this test in predicting the
cult and sometimes impossible to differentiate cleartyinical course oMEN2gene carriers.
between a nodular hyperplasia and a nodular infiltration The right moment for a prophylactic thyroidectomy is
pattern in small MTC [20]. Other features, such as desil a matter of discussion. An operation should antici-
moplasia, cytological atypia, and a diminished stainipgte the development of a MTC and prevent metastasis.
intensity with antibodies against CT, are helpful bdihyroidectomy before a child starts school (at 5—6 years)
equivocal signs. When present in association with MTiS,probably best, and extended lymphadenectomy should
the hyperplastic C-cells were mostly cytologically identbe included in children who are older than age 10 years
cal to the invasive component. In the past, various madk-have an elevated CT level. Operating on gene carriers
ers have been used to differentiate between CCH amdustified even when they have normal CT levels after
MTC, including selected monoclonal antibodies againstovocation [8, 28].
CEA and histaminase [22]. Additional markers have also’< e s Editing helo from Jennifer B. Kum i t
been used to highlight differences between physiologifg ”gg‘{(ﬁo\?v‘fefgeg; W:el?r?anek ?\Ar?mrhglg?lfg: e Ur“; 'ng{%ﬁ‘of
C_CH accompanying _Other tumours and inflammato eyphotomicrographs and Dr. W. Hoéppner for thg pFr)ovision of
diseases of the thyroid gland [14, 20]. However, the |l&eTmutation data.
ter are not useful for MEN-affected patients, and the for-
mer are not demonstrably reliable.
After gross examination, we suggest histological prBeferences
cessing of the entire thyroid gland to avoid missing an Baviin SB. Mendelsohn G. Weisburaer WR. Gann DS. Eqdles
CCH Flusmr.s anpl Sma”. MTC foci. Serial sections an tonyJC (1é79) Levels of Histaminasge and i_-dopa deéar%?)xyl-
selective stains highlighting basement membrane compo-ase activity in the transition from C-cell hyperplasia to familial
nents, such as silver stains and immunostaining for colla-medullary thyroid carcinoma. Cancer 44:1315-1321

gen type IV [18], can be helpful in diagnosis in selected Carney JA, Sizemore GW, Hayles AB (1979) C-cell disease of
cases. the thyroid gland in multiple endocrine neoplasia, type2b.

. he cl holoaical definiti f | Cancer 44:2173-2183
_ Despite the clear morphological definition of an early; cyshman P (1962) Familial endocrine tumours. Report of two
invasive MTC, its biological importance is still obscure. unrelated kindreds affected with pheochromocytomas, one
We found clearly malignant tumours in children in the also with multiple thyroid carcinomas. Am J Med 32:352—-360
first decade of life, but in most cases the development 6f t'?}g%%%g?’alﬁazﬁﬁggrqégslé}}%izvszg:oéihnrgwﬁgﬁ’toma and
metaStas!S probably take.s 20 years or more. |_|Owevg.r'DeLellis RA (1997) C-cell hyperplasia: a current perspective
metastasis has a greater influence on individual progno-adv Anat Pathol 4:17—22
sis. It is not yet clear whether patients with very smaB. DeLellis RA, Nunnemacher G, Wolfe HJ (1977) C-cell hyper-
MTC have worse outcomes than patients with muItifo% I?E)'gziiz- KAer]lg:tﬁsggﬁtlisralcﬁagY%Sér:-S%a|2\§S%gga?%7a—é4ﬁair
cal CCH. Probably 100% of the patients with consti- - TC. Howe JR, Moley JF. Goodifellow P, Wells SA (1993)
tUUO_na' mutations of thRET proto-oncogene develop  \Muytations in the RET proto-oncogene are associated with
multifocal CCH, followed by the development of MTC MEN 2A and FMTC. Hum Mol Genet 2:851-856
within the CCH in most cases. Does this mean th&t Dralle H, Gimm O, Simon D, Frank-Raue K, Goértz G, Ni-
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