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Background. Medullary thyroid carcinoma (MTC)
is a rare development of thyroid cancer with a no
negligible mortality rate. Our aim was to determine
factors that predict outcome in patients with MTC.
Methods. Ye reviewed the records of all patients
with MTC (n = 56) who underwent treatment at our
institution between January 1990 and December
2000, Univariate and multivariate analysis of clini-
copathologic predictors of MTC outcome were per-
formed to identify subsets of patients with different
probabilities in terms of overall survival, local re-
currence, and distant metastases.

Results. Multivariate analysis demonstrated that a
statistically significant decrease in overall survival
is associated with T4b tumours (p = 0.06), the pres-
ence of distant metastases at the time of presenta-
tion (p = 0.033), lymphatic invasion (p = 0.099), and
postoperative treatment (p = 0.045).

Conclusions. The analysis of survival curves of pa-
tients with MT'C shows that the occurrence of lo-
coregional and distant metastases occurs preferen-
tially within the first 5 vears, which identifies this as
a crucial period for follow-up. In this series of pa-
tients with MTC, the tumours classified as T4b,
metastases at presentation, the presence of lympho-
vascular invasion, and postoperative treatment were
the most important prognostic features. At present,
there is no available beneficial adjuvant therapy
However, as the development of molecular therapy
progresses, it should be tested in clinical trials with
the purpose of achievement of novel targeted thera-
pies for selected MTC patients with risk factors,
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INTRODUCTION

Medullary thyroid carcinoma (MTC) is a rare tu-
mour. It was recognized in the 1950s by Hazard et al'
as a distinct entity; since than, several studies have
focused on the identification of prognostic factors for
MTC, although the value of this remains controver-
sial. MTC arises from the parafollicular cells (C cells)
of the thyroid gland?. It accounts for approximately
5% to 10% of all thyroid cancers and approximately
15% of all thyroid cancer-related deaths*

MTC can appear in sporadic and hereditary types.
Patients with MTC should be screened for hereditary
disease’ 7, which occurs in isolation, as familial MTC
(FMTG), and as part of the multiple endocrine neo-
plasia (MEN) type Il syndrome; both of these forms
are inherited as an autosomal dominant trait®%. MEN
2A, which was first described by Steiner at al'9, oc-
curs with pheochromocytoma''!, whereas MEN 2B is
associated with marfanoid habitus, mucosal neuro-
mas, and ganglioneuromatosis!2,

The mutation responsihle for the induction of atypical
C cell proliferation is located in exon 10 or 11 of the
RET proto-oncogene®’?, and the sequential pathogen-
ic pathway of MTC, arising from areas of C cell hy-
perplasia to multiple preinvasive microscopic foci,
was recognized in the 1970s by Wolfe et al'®. RET
germ-line mutation belongs to receptor tyrosine kinas-
es’ (RTK) mutations. KIT RTK is the mainstay of gas-
trointestinal stromal tumours (GIST) pathogenesis!*17,
which led to the treatment of KIT-positive advanced
GIST with molecular therapies!3. It is reasonable to
think of targeted molecular therapies for MTC, based
upon an identical oncogenic pathway, the growth of
cancer under the RTK oncogene activation. At pres-
ent, the detection of mutations in the RET oncogene
offers physicians the chance to perform prophylactic

thyroidectomy in persons who carry this gene®!6-18,
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In about two-thirds of all cases of MTC, the initial dis-
ease is primarily locoregional, although in one-sixth
of cases, primary development of distant metastasis is
observed!920. This study evaluates the impact of clin-
ical and pathological factors on survival in 56 patients
with MTC. The purpose was to determine the main
risk factors that predict the clinical hehaviour of

MTC.

PATIENTS AND METHODS

Patients

The Portuguese Institute of Cancer serves as an onco-
logical referral center for patients with neoplastic thy-
roid disease and maintains a database cancer registry
of all patients with thyroid cancer on the hasis of a
confirmed report of thyroid malignancy. The study
population consisted of patients evaluated and/or
treated at our institution for MTC hetween January
1990 and December 2000. To meet the inclusion crite-
ria, all patients had to have a histologically confirmed
diagnosis of MTC, retrospectively determined. A total
of 61 patients were identified, and five patients were
lost to follow-up. Data on the remaining 56 patients
was used for survival analysis.

We classified patients with MTC into three groups:
sporadic, MEN 24, and FMTC. The criteria used for
the definition of these three groups were, respective-
ly. patients without any first-degree relative with
MTC or MEN 2 or the absence of a RET germ line
mutation, patients with a first-degree relative with
MEN 2A or MTC associated with pheochromocytoma
and/or hyperparathyroidism, and patients with a
first-degree relative with MTGC but no evidence of the
syndromes associated with MEN 2, We could not con-
siderer MEN 2B, hecause no patients with MEN 2B
were enrolled into the series.

Total thyroidectomy with central cervical lymph
node dissection was the first surgical choice for all
MTC patients. Patients with a MTC diagnosis after be-
ing submitted to a hemithyroidectomy, did not have
modifications to thyroid surgery extension in the ah-
sence of contra-lateral thyroid lesions detected hy
ecography, negativity for RET oncogene, and a nega-
tive pentagastrin stimulation test. Incomplete resection
was limited to patients with technically irressecable
tumors, who were further submitted to postoperative
irradiation. Lateral cervical lymphadenectomy was
performed in the presence of pathologic lateral lymph
nodes, tumour sized over 2 cm, and positive central
nodes, heing limited to one side in sporadic MTC (ho-
molateral to the primary tumour, except in cases with
obvious bilateral involvement), and bilateral in famil-
ial cases.

Follow-up data were obtained through the ROR can-
cer registry and from a review of the patients’ clinical

records. Information about macroscopic findings was
obtained from surgical reports.

The study end points were death from thyroid carci-
noma and tumour status (free of MTC or persistent
MTC). Patients free of MTC were defined as having
normal postoperative serum calcitonin levels with no
evidence of local or distant MTC after tumour resec-
tion. Patients with elevated (basal or stimulated) post-
operative serum calcitonin levels were classified as
having persistent MTC.

Statistical methods

The follow-up interval was calculated in months and
was defined as the time between the date of diagnosis
and the date of event (death, recurrence, or metasta-
sis) or last follow-up. The median follow-up period
was 49 months (range, 2-128 months).

Continuous variables were evaluated using Student’s
t test or by analysis of variance for multiple group
comparison, and the chi-square test was used for cat-
egorical data.

The Kaplan-Meier or product-limit nonparametric
technique was used to estimate mean overall survival
(08), local recurrence-free survival (LRFS), and
metastasis-free survival (MFS). The analysis was first
computed considering cases of TNM stage altogether
and then subsequently assessed for each TNM stage.
The prognostic factors, evaluated for the three groups
of patients (0S8, LRFS, and MFS), were: age and sex,
presenting symptoms and signs, metastases at pres-
entation, type of surgery and lymphadenectomy, tu-
mour bilaterality and multifocality, tumour size, node
status, stage grouping (AJCG, 6™ edition), lymphatic
and venous invasion, adjuvant treatment and postop-
erative serum calcitonin levels. Contingency tables
were used to compare the survival time’s distribu-
tions of the various subgroups and to identify univari-
ate predictors of survival Univariate predictors of
survival were entered into a Cox proportional haz-
ards model by using stepwise logistic-regression
analysis to identify the independent predictors of sur-
vival. The best set of predictors of OS was selected
that included only the dichotomous variahles, and
stepwise logistic regression using the maximum-like-
lihood method was implemented. The objective was
to assess the type of relationship between those vari-
ables.

RESULTS
Patient and tumour characteristics

Patient characteristics are shown in table 1. Forty-
eight patients (853.7%) had sporadic MTC, § patients
(10.7%) had MEN 2A, and 2 patients (3.6%) had
FMTC. There were 25 men and 33 women, with an
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TABLE 1. Clinical characteristics of patients according type of MTC

Features Sporadic MEN 24 FMTG Total

N.® of patisnts 18 6 2 [6]8)
Age mean, range (ysars) 54.7; 26-86 24.3; 7-58 25; 13-37 50.4; 7-86
Male: female ratic 18:30 4:2 1:1 23:33
Clinical presentation

Thyroid nodule 38 0 2 40

Enlarged neck nodes 10 2 0 12

Family history® 0] 4 0 4
TNM stage

| 6 4 1 11

Il 4 0 1 5

Il 8 0 0 8

VA 22 1 0 23

VB 4 0 0 4

VG 4 1 0 Sl
Metastatic diseass at pressntation 4 1 0 5

2Patients at risk for hereditary MTC and screened with biochemical and/or genetic testing.

overall mean age at diagnosis for the study group of
50.4 years (range, 7 to 86 years). Patients with spo-
radic MTC (mean age, 54.7 years) were significantly
older than patients with hereditary MTG (mean, 24.6
vears) at the 5% level of confidence. The overall
male: female ratio was 1.0:1.4, with no difference he-
tween the groups with sporadic and hereditary MTC.
In the sporadic group, 79.2% of patients presented
with a thyroid mass and 20.8% had enlarged lymph
nodes in the neck. The two patients with familial dis-
ease presented with thyroid nodules, whereas, in the
subgroup of patients with MEN 24, 53.5% had cervi-
cal disease and 66.7% were screened for MTC by cal-
citonin measurement and/or genetic testing.

In the overall group of patients, the rate of metastatic
disease at presentation was 9% (n = 5). Patients with
sporadic MTC with distant metastases at presenta-
tion (n = 4) did not present with systemic symptoms
(hone pain, flushing, and/or diarrhoea) attributahle
to their tumour. Another patient presenting with
hone and hepatic metastases had a positive germ-
line RET mutation associated with local advanced
disease.

Total thyroidectomy was performed in 49 patients
(87.5%); the remainder underwent hemithyroidecto-
my (8.9%) or incomplete resection for two patients
(5.6%) with advanced local disease. All the patients
with hereditary MTC (n = 8) had total thyroidectomy
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Fig. 1. Overall survival curve (in months) in 56 patients with medullary thyroid carcinoma.
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Fig. 2. Local recurrence-free survival curve (in months) in 56 patients with medullary

thyroid carcinoma.

without cervical lymph-node dissection, except for
two patients with MEN 24 who had a cervical central
and lateral lymph-node dissection (LND). LND was
performed at various extensions: one-compartment
LND in 5.4% (5/56), three-compartment LND in 51.8%
(29/56), and four-compartment LND in 7.1% (4/56).
Nodal disease was present in 62.5% of patients ac-
cording to the results of the examination of lymph
nodes retrieved by surgery. Only 3 patients had node
metastasis classified as Nla. The remaining 57.1% of
patient’s nodal disease corresponded to N1b.

Bilateral tumors and multifocal disease had hoth
identical expressions on the overall group of patients
with MTC (14.5%), with hoth assuming more preva-

lence in hereditary MTC (p < 0.03). The presence of
Iymphatic vessel invasion and venous invasion was
analysed, with a higher percentage of venous inva-
sion (46.4%) comparing with lymphatic involvement
(37.5%). External beam radiotherapy (RT) was given
to 6 patients with irressecable tumors, and only one
patient was given chemotherapy.

Survival analysis

For the whole group, 46 patients (82.1%) remain
alive, and 10 (17.8%) have died. The cause of death
was medullary cancer for all patients. At the last fol-
low-up, 37.5% of the patients with MTC were free of

1.00 —
0.98 —
0.96 —
0.94 —
0.92
0.80 —
0.88 —
0.86 —
0.84 —
0.82 4
0.80 —
0.78

Cumulative propartion surviving

0.76 I |
0 20 a0

Survival time
Metastases free survival function
—— Complete

I I \ \
60 80 100 120

—+—Censored

Fig. 3. Metastasis-free survival curve (in months) in 56 patients with medullary thyroid

carcinoma.
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TABLE 2. Evaluation of clinicopathologic variables for all patients with MTC in univariate and multivariate analysis

Clinicopathologic variables Univariate o valus Multivariate o value
Ags NS —
Sex NS -
Clinical presentation S 0.004 NS —
Metastatic diseass at pressntation S 0.0001 S 0.033
Primary tumour (T)

T NS —

T2 NS —

T3 NS —

T4A NS —

T4B S 0.014 S 0.06
Regional lymph nodes (N) S 0.014 NS —
Stage grouping (THNM) S D.oooy NS —
Bilateral tumours NS -

Tumour multifocality NS —

Lymphatic vessel invasion S 0.002 S 0.099
Venous invasion NS -

Treatment

Extent of thyroidectomy S 0.032 NS -

Lymph-node dissection S 0.025 NS -

Adjuvant treatment S < 0.00001 S 0.045
Postopsrative serum calcitonin levsl S 0007 —

S: significant; NS: nat significant.

disease, 18% had asymptomatic persistent MTC, 16%
had local disease, and 9% had distant disease.

The mean OS for all patients with MTC was 82.47
months. The 5- and 10-year OS was 77.5% and 65%,
respectively (fig. 1), The 5- and the 10-year LRIS
were estimated at 72% (fig. 2), and the 5 and the 10-
year MFS were estimated at 78% (fig. 3).

Survival analysis was also assessed for each stage of
TNM. However, only for stages IVA and IVC was it pos-
sible to apply the product-limit method, because of the
excessive amount of censored data. The mean OS for
patients with MTC stage IVA was 86.42 months. For
the same group. the 5 and 10-year OS was estimated at
81% and 61%, respectively. In addition, 5 and the 10-
yvear LRFS were estimated at 60%, and the 5 and the
10-year MFS were estimated at 66%. It was also possi-
ble calculate the mean OS for patients with category
IVC disease, which was 18.8 months, although it was
not feasible by any other statistical calculus.

Univariate analysis demonstrated that a statistically
significant decrease in OS is associated with clinical
presentation (p = 0.004), the extent of thyroidectomy
(p = 0.032), cervical lymph-node dissection (p =
0.025), metastatic disease at presentation (p =0.0001),
primary tumour (p = 0.014), regional lymph nodes (p
=0.014), stage of disease (p =0.0007), lymphatic ves-
sel invasion (p = 0.002), adjuvant treatments (p <
0.00001), and the postoperative level of serum calci-
tonin (p = 0.007).

The following factors were significantly associated
with a decrease in survival according to Cox regres-
sion analysis (table 2): extra thyroidal invasion with a
clear decrease in the prohahility of survival in pa-
tients with T4b tumours (p = 0.06, fig. 4), the pres-
ence of distant metastases at presentation (p = 0.033,
fig. 5), the presence of lymphatic invasion (p = 0.099,
fig. 6), and postoperative treatment (p = 0.045, fig. 7).
For hoth LRFS and MFS, we did not find significant
predictors of survival in either univariate or multi-
variate analysis.

The significant dichotomous predictors were incorpo-
rated into a stepwise logistic regression using the
maximum-likelihood method to look for any kind of
association between them. The beta coefficient was
calculated for each significant factor. The following
multivariate model was selected by this approach of
the logit of OS: g(x) = By + ef' (MDP) + e (LVI) +
eb? (AT), where Bg=4.1is p=0.001, }y = -2.56is p =
0.52, B =-2.48 is p =0.49, and 35 =-3.31 is p = 0.01.
The results show no significant associations between
the predictors, which means that they are independ-
ent from each other.

DISCUSSION

MTC has heen the subject of numercus studies!7-18:21-35
whose main purpose was the determination of pre-
dictors of prognostic importance. Yet this type of tu-
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Fig. 4. Impact of Tdb tumours on overall survival (in months) in 56 patients with medul-

lary thyroid carcinoma.

mour continues to pose a challenge with regard to
predicting its behaviour and strategies of treatment.
One of the reasons for the difficulty in predicting the
clinical outcome for patients with MTC has heen the
lack of consistency in large multicenter studies,
which have been characterized hy incomplete data
and the inclusion of wvariable diagnostic criteria.
Single-institutional studies, although they have small-
er cohorts, demonstrate the inclusion of more reliable
criteria, which provides a chance for the comprehen-
sive evaluation of the important factors that deter-
mine the outcome of this particular disease. This se-
ries fulfils this item.

Like other series, whereas sporadic MTC accounts for
75%-95% of all cases??-2%, we have found that 85.7%
of patients have sporadic disease, compared with
14.3% of patients having hereditary disease. The re-
cent trend toward a higher frequency of hereditary
MTGC obhserved in contemporary series! 7182627 due
to the screening programs for patients with genetic
analysis, is not evident in our study. We have used a
similar method for the diagnostic evaluation of nodu-
lar thyroid disease since 1997%. Therefore, we could
assume that the high value found for sporadic discase
in the Portuguese population, is either related to the
as-yet insignificant time of evaluating patients sub-
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Fig. 5. Impact of metatases at presentation on overall survival (in months) in 56 patients

with medullary thyroid carcinoma.

440

Clinn Transt Oncol. 2006;8(6):.435-43



PEIXOTO CALLEJO |, AMERICO BRITO J, MANUEL ZAGALO C, ROSA SANTOS J. MEDULLARY THYROID CARCINOMA:
MULTIVARIATE ANALYSIS OF PROGNOSTIC FACTORS INFLUENCING SURVIVAL

1.00 —
0.95 —
0.90 —
0.85 —
0.80 —
0.75 —
0.70 —
0.65
0.60 —
0.55 | :

Cumulative proportion surviving

0 20 40

Survival time
Overall survival function {lymphatic invasion)
—— Complete

I I I
60 80 100 120

—+Censored

Fig. 6. Impact of lymphatic invasion on overall survival (in months) in 56 patients with

medullary thyroid carcinoma.

mitted to genetic testing or reflects the type of disease
more prevalent in Portuguese population.

The mean age in our series is similar to that of the
three largest published series???%28; 50.4 years (ran-
ge, 7-88 years), with the highest incidence in the fifth
decade for sporadic disease and in the second decade
for hereditary disease. Both sexes were nearly equally
affected (male: female ratio, 1.0:1.4), which is consis-
tent with the ohservations of others?2:29, Qur data did
not confirm hoth epidemiological factors as positive
predictors, and this conclusion has been corrohorated
by other authors?2-29,

The 5-year and 10-year OS was 77.5% and 65%, re-
spectively, which is similar to the results in other
published series of MTGC (fig. 1)22-2%29-33 The 5-year
and 10-year LRFS was 72%, which highlights the fact
that, after a certain period of time the probability of
local recurrence is exactly the same. This cut-off was
calculated to be 46 months (fig. 2). The same rationale
is applicable to MFS, where the 53-year and 10-year
rate was 78% and the period since the possibility of
occurrence of metastases was identical at 54 months
(fig. 3). Therefore, we conclude that the analysis of
the LRFS and MFS curves for MTC shows that a local
recurrence occurs preferentially within the first four
years, whereas the chance of manifestation of distant
disease occurs primarily within the first 5 years.
These results highlight the necessity of the imple-
mentation of a closed period of follow-up for MTC,
with clinical, laboratory, and radiclogical examina-
tions being done every 3 to 6 months for the first 5
years.

The incidence of patients with regional node metas-
tases are quite similar to that found in a French series
(62.5% vs 63%)32, which is higher than the median

value found for all the literature combined (range,
43%-30%)22-32_ Also notahly, we found that the major-
ity of patients with nodal metastases in our series had
advanced local disease (pN1h, 57.1%), which proba-
hly reflects a referral centre bias.

The analysis of the mean OS found for the overall
group of patients and those classified as having types
IVA and IVQC, respectively, 82.47, 86.42, and 1838
months highlights a sharp decrease in the OS in pa-
tients with [IVC, compared with patients who had
stage [VA and the whole group of patients. These oh-
servations emphasize the existence of a sharp de-
crease in the OS of patients with distant metastases
that has statistical significance importance. We con-
clude that MTC is a disease in which the event of
haematogenous spread leading to distant metastases,
rather than local progression, is the main factor influ-
encing the survival rate of patients with MTC.

In this study, we did find out that T4b tumors were an
independent predictor of disease specific-survival on
multivariate analysis (fig. 4). In fact, the probability of
survival for a patient with a stage T4b tumour is ap-
proximately 6% of the probability of survival for a pa-
tient with a stage T1 tumour. Tumours extending
through the thyroid capsule (pT4) were reported as
the only important prognostic factor by Tennvall et
al®* This parallels the findings of Schroder et al®?
and Treseler?, who confirmed that this factor is an
independent risk factor for mortality according to
multivariate analysis. Nevertheless, there is a differ-
ence between our findings and previous ones. This
concerns the more accurate definition of the levels of
extrathyroidal invasion, outlined in the last revision
of TNM classifications (AJCC, 6" edition, 2003). The-
re are three levels of invasion heyond the thyroid
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Fig. 7. Impact of adjuvant therapy on overall survival {in months} in 56 patients with me-

dullary thyroid carcinoma.

capsule: T3 tumours, corresponding to minimally ex-
trathyroidal invasion; T4a tumours, which harbours
tumours with invasion of vital neighhours structures;
and, finally, T4b tumours, indicated by invasion of
carotid/mediastinal vessels or prevertehral fascia. We
conclude that only the presence of the third level of
invasion (T4h) serves as an independent prognostic
factor for OS of patients with MTC.

In this series, the presence of distant metastases at the
time of diagnosis appeared to he significantly associ-
ated with increased mortality in MTC, with the risk
proved to be independent of other factors (fig. 3).
These findings are in keeping with some283! hut not
all22:23.29.30.35 previgns studies. The differing results
probably depend on patient selection that may as-
sume additional importance on the prediction of di-
sease risk, retrieving the value given by previous stu-
dies to distant metastases. Although hereditary MTC
is generally diagnosed, in younger patients, with ini-
tially localized disease, we had a patient with MEN
24 who presented with hepatic and bone metastases
at the time of diagnosis. This woman was 58 years
old, with stage T3N1b disease, and did fine after total
thyroidectomy and three-compartment LND. She was
alive after 19 months of follow-up, without local re-
currence. Notably, it is important to recognize that
prolonged survival is still possible with metastatic
disease??,

This study has assessed the prognostic importance of
Iymphatic and venous invasion in patients with MTC.
The presence of lymphatic channel invasion is gener-
ally accepted as a marker of biologic aggressiveness
on the metastatic process and is seen as a signal of

eventual systemic dissemination®®. Although we
found out that venous invasion does not show statisti-
cally significance on univariate analysis, the presence
of lymphatic vessel invasion turned out to he mean-
ingful in predicting the outcome of the disease. The
analysis of the survival curve showing the influence
of lymphatic invasion in survival of MTC patients
(fig. 6) reveals a sharp decrease in the OS after 32
months. It is reasonahle to say that, in the near future,
with the development of hiotherapy, the identification
of lymphatic invasion in patients with MTC could
constitute an inclusion criterion to submit these pa-
tients to trials with new molecular targeted agents.
Another parameter assessed was adjuvant treatment,
which, in our series, was a positive predictive factor.
In agreement with one of the largest series??, we
found lower survival among patients receiving RT
(fig. 7). In the absence of prospective randomized tri-
als, the effective henefits of adjuvant treatments are
not definitive, and several are under further investi-
gation; moreover, associated mortality, morhidity,
and late functional results are frequently underesti-
mated37*8, We advocate the rationale of performing
RT in patients with local disease that not manageahle
hy surgical means.

In summary, we have shown that the presence of T4h
tumours, distant metastases at the time of diagnosis,
lymphatic vessel invasion, and postoperative treat-
ment are probably the characteristics that allow us to
best define the level of risk from the disease. Future
studies of genetic profiling for prognosis and treat-
ment will be essential in the development of new
therapeutic strategies.
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