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Abstract
Background and aims Patients with sporadic medullary
thyroid carcinoma (MTC) have a variable clinical course.
Our aim was to analyse the reduction of tumour markers
after thyroidectomy with meticulous dissection and relate it
to clinical outcome.
Materials and methods Twenty consecutive patients with
palpable sporadic MTC underwent thyroidectomy with
central and uni- or bilateral modified radical neck dissec-
tion; three were subjected to mediastinal dissection. Basal
(b-) and stimulated (s-) calcitonin (CT) and carcinoem-
bryonic antigen (CEA)-levels were measured before and 6–
8 weeks after primary surgery, and the reduction of these
tumour markers was determined.
Results Median CT (b- and s-) were markedly reduced after
surgery (98.5% and 99.1%, respectively), and CEA
decreased 11 times. CT (b-) fell >99% in seven patients
after surgery; in these and four additional patients, CT (s-)
showed a similar reduction. During follow-up (median 52.5
months), two patients (stages IV B and C) died of MTC;
they had <95% reduction of CT. Four patients (stage IVA)
are alive with verified metastases. Eight patients (one stage

III, seven stage IV A) are alive with hypercalcitoninemia.
Five stages I–III patients and one stage IV A patient are
disease-free.
Conclusions Thyroidectomy and meticulous dissection
caused a pronounced reduction of tumour markers. A
postoperative reduction of CT (s-) ≥97% seems to be
associated with less aggressive clinical course, while CEA
had lower predictive value.
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Introduction

Medullary thyroid carcinoma (MTC) is characterised by
early spread to regional lymph nodes and distant sites.
Calcitonin (CT) has an established role as a very sensitive
and rather specific tumour marker, both biochemically and
histochemically [1]. Carcinoembryonic antigen (CEA) is an
integrated part of the cell membrane of MTC tumour cells,
from where it can be released and thus serve as a tumour
marker [2]. The prognosis of MTC is very variable but
relates to tumour stage at diagnosis [3–6]. Sporadic MTC
(75% of cases) usually presents clinically as a mass in the
neck but can also be diagnosed due to distant metastases
and/or diarrhoea symptoms [7]. In palpable, clinically overt
MTC, lymph node metastases in the neck are found in 75–
80% of patients at diagnosis [8]. The presence and extent of
lymph node involvement in MTC is a negative prognostic
factor, associated with large size of the primary tumour.
Since surgery is the only cure for MTC, the extent of
regional lymph node disease and its resectability decides
whether the patient is curable or not. More than ten
metastatic lymph nodes have been reported to be incom-
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patible with biochemical cure [9–11]. In most series, the
biochemical cure rate after extensive primary neck surgery
for sporadic MTC is 30–40% [8, 12, 13]. Thus, many
patients are not biochemically cured after neck surgery but
still live many years free of symptoms. Other patients have
a more aggressive course with widespread disease and fatal
outcome. The overall 10-year survival is approximately
70% [14]. A prognostic tool to early distinguish patients
with indolent clinical course from those with more
aggressive course (requiring additional treatment) is need-
ed. In a previous study of 36 patients with MTC, our group
could show that the proliferation rate (Ki67) was an
independent prognostic factor [15]. The doubling time of
either CT or CEAwas reported as an efficient tool to assess
tumour progression [16]. In this study, we have analysed
the reduction of these tumour markers 6–8 weeks after
thyroidectomy and related it to clinical outcome. The aim
was to evaluate if the magnitude of marker reduction could
serve as a reliable prognostic tool early after surgery.

Materials and methods

Between August 1996 and February 2007, 20 consecutive
patients (five women and 15 men) with palpable sporadic
MTC underwent surgery at the Department of Surgery,
Sahlgrenska University Hospital. The median age was 47.5
(24–78) years. Patients with hereditary MTC or recurrent
tumours were not included in this series.

Preoperatively, all patients had undergone fine-needle
aspiration cytology (FNAC) of their thyroid nodules.
Measurements of basal (b-) and pentagastrin-stimulated
(s-; Peptavlon®, Cambridge Laboratory, Newcastle, UK,
0.6 μg/kg) CT, as well as basal CEA (reference, <5 μg/l) in
serum were performed. Serum CT was measured using a
solid-phase two-site immunoradiometric assay [calcitonin
ultrasensitive (CT-US), Biosource; reference, <20 ng/l].
Blood samples were drawn at 0, 2 and 5 min after an
intravenous bolus injection of pentagastrin. Screening for
pheochromocytoma and hyperparathyroidism by analysis of
urinary catecholamines and serum calcium was performed.
Radiological staging with computed tomography of the
neck and thorax was performed in all patients. All patients
were also screened for RET mutations before surgery.

The surgical treatment for patients with primary sporadic
MTC at our unit includes total thyroidectomy with bilateral
central lymph node dissection and ipsi- or bilateral lateral
lymph node dissection. Bilateral lymph node dissection is
performed if suspect lymph nodes are detected pre- or
peroperatively. Mediastinal exploration is performed in
individual patients based on radiological findings.

All specimens from resected primary tumours and
metastases were investigated histopathologically and ana-

lysed immunohistochemically for expression of CT. The
tumour stage was classified according to the International
Union Against Cancer, 6th edition, 2002 [17]. The mean
Ki67 index was determined by counting the total number of
tumour cells and the number of Ki67-positive nuclei in
randomly selected high-power fields (MIB-1, monoclonal,
code no. M7240, 1:100 dilution, DakoCytomation Den-
mark A/S Glostrup Denmark).

The first postoperative evaluation, including both
basal and stimulated CT, was made 6–8 weeks after
primary surgery. Depending on tumour stage, the patients
were examined every 3, 6 or 12 months in the outpatient
clinic. For patients with elevated CT (b- and/or s-)
postoperatively or during follow-up, our localisation
protocol included ultrasound of the neck or computed
tomography or magnetic resonance imaging of the neck,
thorax and abdomen. In patients with elevated tumour
markers (persistent or recurrent disease) without radio-
logically visualised lesions, catheterisation of the cervical
veins combined with measurement of CT (b- and s-),
18F-FDG-PET, octreotide scintigraphy, bone scintigraphy
and a diagnostic laparoscopy with liver biopsies were
performed.

Results

The preoperative FNAC with immunocytochemical dem-
onstration of CT gave correct diagnosis in all cases. The
histopathology after primary surgery demonstrated MTC
(tumour cells immunopositive for CT and CgA but negative
for thyroglobulin). All patients underwent total thyroidec-
tomy with bilateral central lymph node dissection; 13
patients underwent ipsilateral and seven patients bilateral
modified radical neck dissection. In three of the seven
patients with bilateral modified radical neck dissection,
sternotomy with mediastinal lymph node dissection was
performed as well.

Preoperatively, the median CT (b- and s-) was 4,740
(119–28,700) ng/l and 69,000 (211–412,000) ng/l. The
median CEA level was 84 (1.2–710) μg/l. Biochemical
screening for pheochromocytoma and hyperparathyroidism
was negative in all patients. No patient had a RET mutation.

After formalin fixation, the median tumour size was 31.5
(6–55) mm. In 15 out of 20 patients, the thyroid tumour
was solitary. Multiple unilateral tumours and bilateral
tumours were seen in two and three patients, respectively.
Tumour capsule invasion was seen in 13 out of 20 (65%)
thyroid specimens. The median Ki67 index in the primary
tumour was 0.81% (<0.1–20.9%). The median number of
examined cervical lymph nodes was 42 (23–73), and the
median number of positive lymph nodes was 12 (0–37).
The median number of positive cervical lymph nodes in the
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central and lateral compartments was 3 (0–18) and 8 (0–
28), respectively.

Sixteen out of 20 (80%) patients demonstrated cervical
lymph node metastases at primary surgery; 12 (75%)
patients had both central and lateral lymph node metastases.
Two patients had only central lymph node metastases, and
two patients had skip lesions (lateral metastases but no
central). Of the seven patients undergoing bilateral modi-
fied radical neck dissection, three demonstrated lymph node
metastases in the contra-lateral lateral compartment. Only
one patient had visualised distant metastatic disease at
primary surgery (Table 1).

At the first visit 6–8 weeks postoperatively, the median
CT (b- and s-) was 69.1 (1–5,090) ng/l and 616 (1.5–
93,500) ng/l for the entire group (Table 2). The reduction
was very prominent for patients with stages I–III tumours
(except basal CT in patient no. 1, Table 3). The median
CEAwas 7.65 (0.76–100) μg/l postoperatively. The median
reduction of CEA was less pronounced than for CT. It
should be noted that 96% reduction of CEA was seen in
two patients (nos. 19 and 20) with very large tumour
burden with macroscopically residual disease (Table 3).

In eight out of 12 patients with stage IV A, CT (s-) was
decreased by ≥97%. All these eight patients were resected
for cure, but only one patient (no. 7) is currently judged to
be disease-free. In the entire series, seven patients had a
reduction of postoperative b-CT >99% vs. preoperative

values. In these and four additional (55%) patients, s-CT
fell ≥99% vs. preoperative values (Table 3).

During follow-up, ten patients with stages IV A and C
underwent repeat surgery because of radiological findings
and/or elevated CT; six patients had removal of tumour
tissue but were not biochemically cured. In all, 24 repeat
procedures have been performed in these patients to date.
Four patients (nos. 8, 14, 16 and 17) with stage IV A had
<90% CT reduction; two of these developed distant
metastatic disease (Table 3).

At latest follow-up at 52.5 (range 9–132) months, two
patients (stages IV B and C) had died from their MTC. Four
patients, all stage IV A, were alive with radiologically
verified disease. Eight patients (one stage III and seven
stage IV A) had elevated CT without radiologically
detectable MTC. Finally, six patients (five stages I–III and
one stage IV A) are considered to be free of disease (Table
3).

Discussion

In this study, we found that patients with palpable sporadic
MTC subject to meticulous surgery leading to a reduction
of the most sensitive tumour marker, CT (s-), exceeding
97% seem to have less aggressive clinical course; for
patients with stages I–III tumours, all except one were

Table 1 Clinicopathological data of 20 patients with primary sporadic palpable MTC at primary surgery

Patient no. Age/sex Surgery Tumour size (mm) N+ c/ipsi/cl M 0/1 Stage (TNM) Ki67 (%)

1 74/m Tx + MRNDu 6 0/0/n.d. 0 I 0.5
2 55/m Tx + MRNDu 28 0/0/n.d. 0 II 0.4
3 38/m Tx + MRNDu 34 0/0/n.d. 0 II 0.9
4 25/f Tx + MRNDb 31 3/0/0 0 III 1.9
5 50/m Tx + MRNDu 41 0/0/n.d. 0 III 0.8
6 45/m Tx + MRNDu 55 3/0/n.d. 0 III 2.5
7 52/m Tx + MRNDu 7 0/12/n.d. 0 IV A 0.3
8 44/m Tx + MRNDu 8 3/18/n.d. 0 IV A 0.3
9 33/m Tx + MRNDba 11 18/2/3 0 IV A 1.1
10 24/m Tx + MRNDu 15 7/7/n.d. 0 IV A 0.8
11 59/m Tx + MRNDu 19 2/9/n.d. 0 IV A < 0.1
12 44/f Tx + MRNDb 23 7/8/0 0 IV A 0.9
13 36/m Tx + MRNDu 30 9/6/n.d. 0 IV A 1.1
14 60/m Tx + MRNDu 32 17/20/n.d. 0 IV A 5.8
15 59/f Tx + MRNDu 32 11/11/n.d. 0 IV A 0.2
16 43/f Tx + MRNDb 35 1/7/1 0 IV A 0.4
17 75/m Tx + MRNDu 42 0/2/n.d. 0 IV A 4.6
18 50/f Tx + MRNDb 54 4/5/0 0 IV A < 0.1
19 78/m Tx + MRNDba 55 8/14/0 0 IV B 20.9
20 28/m Tx + MRNDba 32 8/13/15 1 IV C 0.4

c Central compartment; cl contralateral lateral compartment; ipsi ipsilateral lateral compartment; n.d. not done; N regional lymph nodes; N+
metastatic lymph nodes; M distant metastasis; M0 no distant metastasis; M1 distant metastasis; Tx + MRNDu/b total thyroidectomy + modified
radical neck dissection unilateral/bilateral
a Including sternotomy and mediastinal clearance
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judged to be biochemically cured, and only one out of eight
patients with stage IV A tumours was considered to be
biochemically cured. Thus, it seems as if the early
postoperative reduction in CT levels may be used as an
early prognostic marker in patients with sporadic MTC but
must be combined with tumour stage for more accurate
prognostication. Since this study was limited to 20
consecutive patients, the validity of this finding needs to
be studied in a larger series of MTC patients.

CEA is another tumour marker in MTC. It has been
demonstrated that there is an almost linear relationship
between abnormal preoperative CEA levels and increasing
tumour size and number of lymph node metastases, both
reflecting the overall tumour cell mass [18]. Since CEA is
not released upon pentagastrin stimulation, this marker is

not used for screening of occult disease [18, 19]. Machens
et al. reported that CEA levels over 30 ng/ml indicated
presence of central or ipsilateral lymph node metastases;
levels over 100 ng/ml indicated presence of contralateral
and distant metastases [20]. In this study, the postoperative
reduction of CEA was less reliable in predicting clinical
outcome, and it seems unlikely that CEA will serve as an
early prognostic marker. Analysis of CEA at later stage
may better correlate with the clinical course, since minimal
residual tumours or recurrent tumours then have grown to
detectable size.

The tumour cell proliferative index (Ki67) was previ-
ously reported by our group to be an independent
prognostic factor in a study of 36 patients with MTC and
long follow-up [15]. By using a Poisson model, it was
possible to estimate the median survival time for individual
patients using the Ki67 index (10.000 nuclear profiles in
each specimen) for the primary tumour and patient age at
surgery. To predict prognosis, three cut-off levels for Ki67
were defined: 1.0, 2.0 and 4.5. In this series, one of the
patients (no. 6) with stages I–III tumours had a Ki67 index
>2.0, while only two out of 12 patients with stage IV A
tumours exceeded this level. One patient with a stage IV B
tumour (no. 19) had very high Ki67 index (20.9) and died
within the first year after surgery. The other deceased
patient (no. 20) had distant metastases at diagnosis but a

Table 3 Biochemical results preoperatively, 6–8 weeks after surgery and at latest follow-up in patients with primary sporadic palpable MTC (n=
20)

Patient no. Preoperative Postoperative FU (months) At latest FU

CT b- ng/l CT s- ng/l CEA μg/l CT b- (% red) CT s- (% red) CEA CT b- CT s-

1 152 867 15 22.6 (86) 23.8 (97.2) 2.3 21 19.5 –
2 119 211 1.2 2 (98) 3 (98) 0.9 106 2.6 0.4
3 3,260 84,000 87 4.2 (99.9) 4.5 (99.9) 7.9 53 6.3 7.8
4 3,300 10,600 7.2 11.6 (99.6) 42.6 (99.6) 0.8 22 21.8 215
5 8,790 180,000 81 1.1 (99.9) 1.5 (99.9) 2.2 38 1.7 2.9
6 9,740 164,000 270 4.2 (99.9) 15.7 (99.9) 39 15 3.1 14.2
7 1,100 32,000 31 1 (99.9) 6.2 (99.9) 6.9 52 6.3 20
8 18,500 108,000 74 2,100 (88.6) 21,100 (80.5) 7.4 52 301 2,530
9 25,800 412,000 410 1,840 (93) 14,200 (97) 31 132 8,170 –
10 28,700 117,000 130 408 (98.6) 992 (99.2) 8.7 132 4,810 6,160
11 2,060 33,800 100 82 (96) 130 (99.6) 59 118 338 29,400
12 5,600 46,000 – 56.2 (98.9) 240 (99.5) 4.6 73 220 1,500
13 6,370 188,000 – 203 (97) 1,610 (99) 2.6 118 529 13,300
14 3,660 192,000 – 1,080 (70.5) 7,710 (59.8) 49 58 4,360 16,500
15 3,880 390,000 – 12.9 (99.7) 1,310 (99.7) 2.5 64 185 15,800
16 15,900 253,000 110 5,090 (68) 93,500 (63) 46 94 30,600 –
17 2,120 54,000 81 753 (78.6) 20,000 (60.3) 26 9 2,100 47,600
18 8,620 253,000 710 26.4 (99.7) 1,380 (99.4) 100 25 49.6 1,470
19 1,030 2,870 47 172 (83.3) 186 (93.8) 1.9 10 626a –
20 7,420 21,600 210 2,300 (69) 14,900 (31) 7.9 46 65,500a –

b- Basal; CEA carcinoembryonic antigen; CT calcitonin; FU follow-up; red reduction; s- stimulated
a Dead of disease

Table 2 Biochemical results preoperative and 6–8 weeks after surgery
due to primary sporadic palpable MTC (n=20)

Preoperative median
(range)

Postoperative median
(range)

Basal CT (<20 ng/l) 4,740 (119–28,700) 69.1 (1–5,090)
Pg-stimulated CT 69,000 (211–412,000) 616 (1.5–93,500)
CEA (<5 μg/l) 84 (1.2–710) 7.65 (0.76–100)

CEA Carcinoembryonic antigen; CT calcitonin; Pg pentagastrin
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very low Ki67 index (0.4%) and lived for more than 3
years. Other authors have not been able to show that the
Ki67 index, or mitotic rate, was significantly associated
with disease progression [16]. Whether the Ki67 index in
association with age at surgery will fall out as an
independent prognostic factor in this series with longer
observation time remains to be seen.

Known prognostic factors in MTC are age at diagnosis,
tumour stage and number of lymph node metastases [1, 14,
21], which all can be collected shortly after surgery. Since
MTC confined to the neck is a surgically curable disease,
an early prognostic tool to predict the clinical course would
be most valuable. Patients with less favourable prognosis
could then be subject to additional therapy or more intense
surveillance. Assessment of CT and CEA doubling times in
series with longer observation time has been reported to be
efficient prognostic tools in MTC patients [16]. The results
of the present study indicate that CT (s-) 6–8 weeks after
surgery, judged together with tumour stage, could be a
useful prognosticator in patients with sporadic MTC.

Conclusion

Thyroidectomy with meticulous neck dissection in patients
with clinically detected sporadic MTC led to a marked
reduction of tumour markers (basal and stimulated CT and
CEA) in peripheral blood. A postoperative reduction of
stimulated CT ≥97% was associated with excellent prog-
nosis in patients with stages I–III tumours. Similar
reduction in patients with stage IV tumours was seldom
associated with cure, but these patients seemed to have less
aggressive clinical course.
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