
Prophylactic Central Compartment Lymph Node
Dissection in Papillary Thyroid Carcinoma: Clinical
Implications Derived From the First Prospective
Randomized Controlled Single Institution Study

D. Viola,* G. Materazzi,* L. Valerio, E. Molinaro, L. Agate, P. Faviana, V. Seccia,
E. Sensi, C. Romei, P. Piaggi, L. Torregrossa, S. Sellari-Franceschini, F. Basolo,
P. Vitti, R. Elisei, and P. Miccoli

Endocrine Section, Department of Clinical and Experimental Medicine, WHO Collaborating Center for
the Study and Treatment of Thyroid Diseases and Other Endocrine and Metabolic Disorders (D.V., L.V.,
E.M., L.A., C.R., P.P., P.V., R.E.), Surgery Section (G.M, P.M.), Pathology Section (P.F., E.S., L.T., F.B.), and
Otorhinolaryngology Section (V.S., S.S.-F.), Department of Surgical, Medical, Molecular Pathology and
Critical Area, University of Pisa, 56124 Pisa, Italy

Background: The benefits of prophylactic central compartment lymph node dissection (pCCND) in
papillary thyroid cancer (PTC) are still under investigation. This treatment seems to reduce PTC
recurrence/mortality rates but has a higher risk of surgical complications. The lack of prospective
randomized trials does not allow definitive recommendations. The aim of this prospective ran-
domized controlled study was to evaluate the clinical advantages and disadvantages of pCCND.

Patients: A total of 181 patients with PTC without evidence of preoperative/intraoperative lymph
node metastases (cN0) were randomly assigned to either Group A (n � 88) and treated with total
thyroidectomy (TTx) or Group B (n � 93) and treated with TTx � pCCND.

Results: After 5 years of followup, no difference was observed in the outcome of the two groups.
However, a higher percentage of Group A were treated with a higher number of 131I courses (P �

.002), whereas a higher prevalence of permanent hypoparathyroidism was observed in Group B
(P � .02). No preoperative predictors of central compartment lymph node metastases (N1a) were
identified. Only three patients were upstaged, and the therapeutic strategy changed in only one
case.

Conclusions: cN0 patients with PTC treated either with TTx or TTx � pCCND showed a similar
outcome. One advantage of TTx � pCCND was a reduced necessity to repeat 131I treatments, but
the disadvantage was a higher prevalence of permanent hypoparathyroidism. Almost 50% of
patients with PTC had micrometastatic lymph nodes in the central compartment, but none of the
presurgical features analyzed, including BRAF mutation, was able to predict their presence; more-
over, to be aware of their presence does not seem to have any effect on the outcome. (J Clin
Endocrinol Metab 100: 1316–1324, 2015)

Papillary thyroid cancer (PTC), the most prevalent his-
totype among all thyroid carcinomas (1), is a lym-

photropic tumor that frequently presents with neck node
metastases, especially in young patients (2). The preva-

lence of lymph node metastases is high in all neck com-
partments, including the central compartment (level VI),
and prevalence has been reported to be up to 65% in mi-
cropapillary thyroid cancer (3).However, lymphnodeme-
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tastases of level VI are frequently microscopic and not
detectable preoperatively (4). For these reasons, the pro-
phylactic central node dissection (pCCND), which by def-
inition is performed when preoperative suspected and/or
intraoperative lymph node metastases are not present
(cN0), is still under investigation (5).

The presence of lymph node metastases has been re-
ported to be associated with a higher risk of recurrence,
and there are studies showing that their surgical removal
improves survival rates (6–7). In the absence of reliable
imaging modalities, many clinicians suggest routine
pCCND in all PTC cases. However, the unproven benefit
in terms of recurrence/mortality and the higher rates of
surgical complications are major concerns (8–9). For
these unresolved questions, several international guide-
lines suggest performing pCCND only in patients with
advanced primary tumors (T3 and T4) or in patients who
show aggressive clinical-pathological features at presen-
tation (10–12). However, the recommendations are usu-
ally based on expert opinions because no appropriate ran-
domized and prospective studies have been performed to
clarify this issue.

In the present prospective randomized controlled
study, we aimed to evaluate the advantages and disad-
vantages of pCCND and the outcome of cN0 patients
with PTC who have been treated either with total
thyroidectomy alone (TTx) or in combination with
pCCND (TTx � pCCND).

Patients and Methods

Study design
Between January 2008 and April 2010, consecutive patients

with PTC with no preoperative clinical evidence of lymph node
metastases (cN0) were invited to participate in the present study
independent of the size of the malignant nodule.

Eligibility criteria were: 1) PTC documented by fine needle
aspiration cytology, 2) no evidence of lymph node metastases
(cN0) at palpation and neck ultrasound (US); 3) no clinical ev-
idence of distant metastases at diagnosis; and 4) at least 18 years
of age. The exclusion criteria were: 1) histotypes other than PTC,
2) evidence of lymph node metastases during surgery even if not
previously visualized at neck US.

The epidemiological and clinical-pathological data of the pa-
tients were collected at diagnosis and during followup. Patients
were operated on at the Department of Surgery and followed at
the Department of Clinical and Experimental Medicine of Pisa
University.

The primary endpoints of the study were to evaluate the suc-
cessful ablation rate and persistent/recurrent disease after 5 years
of followup. The secondary endpoints were to evaluate the rate
of surgical complications in the two groups and the effect of
pCCND in the staging of the disease.

All patients signed an informed consent to participate in the
study, and the study was approved by the Internal Review Board.

Surgical treatment
In the present study, we decided to submit the enrolled pa-

tients to the traditional open TTx even in cases that could un-
dergo a mini-invasive video-assisted thyroidectomy, which is the
most common surgical technique used by our surgeons.

Thyroidectomy was performed with the patient in the su-
pine position with the neck hyperextended. A 6-cm transverse
cervicotomy, two fingers above the sternal notch, was per-
formed, and the midline was opened. After the laryngeal nerve
and parathyroids were visualized, the thyroidectomy was
achieved.

When performed, pCCND was aimed at removing the nodes
of the prelaryngeal, pretracheal, and both the right and left para-
tracheal basins according to the indications of the American Thy-
roid Association Working Group (13).

The surgical treatment was performed by two dedicated sur-
geons who belong to the same thyroid cancer high-volume sur-
gical unit. They also randomly assigned the patients to the two
groups.

Pathology and BRAF mutation analysis
Two pathologists from the Department of Surgery, Section of

Pathology, of Pisa University performed the histological diag-
nosis. The histological diagnosis and staging was made accord-
ing to the standard classification (14–15).

The same pathologists performed BRAF mutation analysis
following the protocols previously described (16).

Other treatments, followup and outcome
definition

After surgical treatment, according to the European consen-
sus for thyroid cancer management, all the patients were treated
with low radioiodine (131I) activities (1.1 GBq/30 mCi) for post-
surgical thyroid remnant ablation, when indicated (10). Subse-
quent treatments of 131I ranging from 100–150 mCi (3.7–4.05
GBq) were administered when required.

At 12 months, the patients underwent physical examina-
tion, US, recombinant human TSH stimulation test for serum
thyroglobulin (sTg) measurement, and in cases of detectable
anti-Tg antibodies (TgAb), a diagnostic whole-body scan. sTg
was measured with a solid-phase chemiluminescent immuno-
metric assay (Immulite 2000 Thyroglobulin; DPC, Los Ange-
les, CA). Serum TgAb were measured with an immunoenzy-
mometric assay (TOS, Tosoh A1S-600II; Tosoh Corp., San
Francisco, CA).

We considered the patients to be free of disease when sTg
levels after recombinant human TSH were less than 1 ng/mL,
neck US was negative, and TgAb undetectable. The patients who
did not undergo 131I remnant ablation were considered to be free
of disease when neck US was negative and sTg and TgAb were
undetectable and/or stable during followup (17). Patients free of
disease were followed up every 12–18 months until the end of the
study.

Patients who were not considered free of disease underwent
subsequent 131I and/or other surgical treatments if necessary.

Assessment of surgical complications
Direct fiber optic laryngoscopy was performed in all patients

immediately before and 3 months after thyroidectomy to assess
cord motility by the same two laryngologists. Recurrent laryn-

doi: 10.1210/jc.2014-3825 jcem.endojournals.org 1317

The Endocrine Society. Downloaded from press.endocrine.org by [Andrew Harmon] on 14 January 2016. at 06:34 For personal use only. No other uses without permission. . All rights reserved.

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/100/4/1316/2815074 by guest on 19 M
ay 2023



geal nerve injury was considered permanent when the cord palsy
persisted 6 months after surgery.

Total serum calcium, measured using standard methods, was
monitored on the first and second postoperative days and every
week for 3 consecutive weeks thereafter. At every control point,
serum-ionized calcium was measured by an ion-selective elec-
trode method, and serum PTH was measured with a commercial
immunoradiometric assay kit (Liason; Diasorin, Saluggia, Italy).
Hypoparathyroidism (hypoPTH) was considered permanent
when PTH was undetectable or inappropriately normal in the
presence of hypocalcemia 6 months after surgery, even if
asymptomatic.

Statistical analysis
A sample size calculation was performed to provide the num-

ber of patients necessary to evaluate the difference in terms of
ablation success rate and clinical remission in the two groups.
Using an alpha of 0.05, a noninferiority margin of 15%, an
expected ablation success and clinical remission rate of 85%, and
a power of 90%, it was determined that a sample size of 98
patients per treatment arm would be sufficient to evaluate a
possible difference in the two groups. A simple randomization
method was used for patient allocation.

Data were analyzed by �2 and Mann-Whitney U tests. Data
analysis was performed using StatView 4.5 software (Abacus
Concepts Inc., Berkeley, CA). P � .05 was considered statisti-
cally significant.

Results

Epidemiological, clinical, and pathological data of
the two groups of patients

A total of 196 patients with PTC with no preoperative
evidence of lymph node metastases (cN0) were randomly
assigned to a TTx group (Group A) or a TTx � pCCND
group (Group B) at the time of surgery.

Ten patients from Group A and five from Group B were
excluded from the statistical analysis for several reasons,
including withdrawal of the informed consent, dropout at
followup, and/or the necessity to perform an unexpected
therapeutic central compartment lymph node dissection
because of evidence of small metastatic lymph nodes dur-
ing surgery not revealed by the presurgical neck US. A total
of 181 patients with PTC were finally considered for the
data analysis, 88 (48.6%) in Group A and 93 (51.4%) in
Group B (Figure 1). As a consequence of this number re-
duction, the statistical power decreased slightly from 90–
87% but still remained valid for the analysis of noninfe-
riority of the two methods.

Although the surgeons were those who randomized the
patients and knew who was treated with the TTx or
TTx � pCCND, the endocrinologist and nuclear medi-
cine physician who took care of these patients were
blinded to the fact that the patients were part of a ran-
domized trial. All patients who required a 131I remnant

ablation (175/181, 96.7%) were treated with a low 131I
activity (1.1 GBq/30 mCi) although in six cases (6/181,
3.3%) 131I treatment was unnecessary because of the small
size and unifocality of the tumor. In 18 patients (18/175,
10.3%) the first 131I treatment was not enough to achieve
successful ablation. More than one 131I course was needed
during followup (range, 2–4 courses) in 15 patients of
Group A and in three of Group B. These patients were
retreated with 131I because of the evidence of elevated
basal or stimulated Tg and in six cases for the presence of
structural disease. In only one case, a second local surgical
treatment was performed.

The mean age of the patients at the time of diagnosis
was 44.5 � 13.9 years (range, 18 – 80 y). Among these
patients, 135 were females (74.6%) and 46 were males
(25.4%) (F/M, 2.9:1). The mean follow-up time was
59.4 � 7.1 months (range, 41.0 –71.0 mo; median, 60.0
mo).

As shown in Table 1, the two randomized groups were
homogeneous for all the epidemiological and clinical-
pathological features considered. The two groups were
also homogeneous for the prevalence of BRAF mutation
(51.2% in Group A vs 55.2% in Group B).

At histology, 43/93 (46.2%) patients of Group B were
node positive (pN1a) (Table 1). Six was the median num-
ber of lymph nodes removed in patients treated with
TTx � pCCND (range, 1–27) with a median number of
metastatic lymph nodes in pN1 cases of 2 (range, 1–8). As
expected, these lymph node metastases were microscopic
with a mean size of 1.7 mm (range, 0.1–7 mm). Unexpect-
edly, 6/88 (6.8%) patients of Group A had microscopic
lymph node metastases in the perithyroid soft tissue not
identified by the surgeon and incidentally removed during
the surgical treatment.

At the end of the study, after a median followup of 60
months, no difference was observed in the outcome of the
patients treated either with TTx or TTx � pCCND (8.0%
vs 7.5% persistent disease, respectively [P � .9]) (Figure
2A). In particular, among the 14 persistent cases, 8/14
were represented by “biochemical” diseases (ie, only de-
tectable sTg) and 6/14 by structural diseases (five patients
with lymph node metastases and one patient with both
lung and lymph node metastases). These cases were
equally distributed in the two groups (Figure 2A). How-
ever, a higher number of patients in Group A required
more than one 131I course compared with those treated
with TTx � pCCND (17.4% vs 3.4%, respectively [P �
.002]) (Figure 2B).

Regarding the necessity to repeat 131I courses, it is im-
portant to note that mean values of sTg, TSH, and 131I
uptake at ablation were similar in the two groups while the
mean sTg values at the first control after the initial treat-
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ment was significantly higher in the TTx Group compared
with the TTx � pCCND Group (P � .0017) (Table 2).

As far as the rate of surgical complications was con-
cerned, the rate of recurrent laryngeal nerve palsy, al-
though slightly higher in patients treated with TTx �
pCCND, was not significantly different in the two groups
(8.0% in Group A vs 4.3% in Group B, [P � .3]) (Figure
3A), whereas permanent hypoPTH was significantly more
frequent in Group B than in Group A (19.4% vs 8.0%,
respectively [P � .02] (Figure 3B). Other surgical compli-
cations such as postoperative hemorrhage, chyle leakage,
and sympathetic trunk injury were not present in this
series.

Evaluation of possible predictors of microscopic
central compartment lymph node metastases

To evaluate the possible predictors of microscopic cen-
tral compartment lymph node metastases, we analyzed the

features of patients from Group B who were clearly known
to have (pN1) or not (pN0) central compartment lymph
node metastases, including the six patients of Group A
who were cN0 at the presurgical diagnosis and showed
unexpected node microscopic lesions at histology. As
shown in Table 3, no statistically significant differences
were found between patients without (pN0 � 50) or with
(pN1a � 49) central compartment microscopic lymph
node metastases in age, sex, familiarity, aggressive variant,
multifocality, bilaterality, nodule, and tumor size. A
slightly higher number of patients with pN1a required
more than one 131I course, but this difference was not
statistically significant, likely due to the low number of
retreated cases. No difference was found in the prevalence
of BRAF V600E mutation in pN0 vs pN1a patients. Con-
versely, a significant difference was observed for tumoral
capsule infiltration (P � .01), extrathyroid extension (P �
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Figure 1. Enrollment, allocation, and followup of study patients.
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.0004), T status (T1 vs T � 1, P � .0001; T3 � T4 vs T1 �
T2, P � .0004), and a more advanced stage at diagnosis
(P � .01) (Table 3).

Clinical effect of the knowledge of central
compartment lymph node metastases on the
treatment and followup

Considering that pCCND could change American
Joint Committee on Cancer stage in patients � 45 years
of age, we analyzed the number of patients of that age

in whom the disease stage changed due to the presence of
node metastases discovered with pCCND (15). As shown
in Table 4, 3/93 (3.2%) patients were “upstaged” in two
cases from stage I to stage III and in one case from stage II
to stage III. However, in only 1/93 (1.1%) patients from
Group B, the evidence of node metastases influenced also
the therapeutic strategy because this patient would not
have been treated with 131I if the pCCND had not been
performed, whereas 131I ablation would be required or at
least taken into consideration according to the European

ConsensusandAmericanThyroidCan-
cer Guidelines, respectively (10, 12).

Discussion

The question of whether a pCCND
should be performed in all PTC cases,
even when no lymph nodes are clini-
cally detectable (cN0), is still a matter
of discussion (3–4, 18). The lack of
evidence in terms of benefits, the
absence of prospective randomized
controlled studies and the risk of a
higher rate of surgical complications
represent the major concerns of per-
forming pCCND in all PTC cases (8,
18–19).
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Figure 2. Analysis of the outcome of patients treated with TTx (Group A) or TTx � pCCND
(Group B) after 5 years of followup; A, the percentage of persistent disease, either biochemical or
structural, was similar in the two groups of patients. B, a statistically significant higher number of
patients in Group A required to be treated with more than one 131I course.

Table 1. Clinical-Pathological Features of PTC Patients With No Clinical Evidence of Lymph Node Metastases (cN0)
Treated With TTx Alone (Group A) or Total TTx and pCCND (Group B)

Clinical-Pathological Features

All Study
Group
(n � 181)

Group
A TTx
(n � 88)

Group B
TTx � pCCND
(n � 93) P-Value

Age, y P � .3
Mean � SD 44.5 � 13.9 43.5 � 13.2 45.7 � 14.6
Median; range 42.0; 18.0–80.0 41.0; 18.0–76.0 45.5; 20.0–80.0

Male Sex 46/181 (25.4%) 21/88 (23.9%) 25/93 (26.9%) P � .6
Familiarity 9/181 (5.0%) 4/88 (4.5%) 5/93 (5.4%) P � .7
Tumoral capsule infiltration 138/181 (76.2%) 67/88 (76.1%) 71/93 (76.3%) P � .9
Aggressive variant 35/181 (19.3%) 14/88 (15.9%) 21/93 (22.6%) P � .2
Multifocality 83/181 (45.9%) 44/88 (50.0%) 39/93 (41.9%) P � .2
Bilaterality 64/181 (35.4%) 30/88 (34.1%) 34/93 (36.6%) P � .7
Extrathyroid extension 86/181 (47.5%) 42/88 (47.7%) 44/93 (47.3%) P � .9
Nodule size, cm P � .6

Mean � SD 1.6 � 0.7 1.6 � 0.7 1.6 � 0.7
Median; range 1.5; 0.6–3.7 1.5; 0.6–3.7 1.4; 0.7–3.6

Tumor size, cm P � .6
Mean � SD 1.6 � 0.8 1.6 � 0.9 1.6 � 0.8
Median; range 1.4; 0.1–5.5 1.4; 0.3–5.5 1.3; 0.1–4.5

T1/T � 1 72/181 (39.8%) 33/88 (37.5%) 39/93 (41.9%) P � .5
T3�T4/T1�T2 88/181 (48.6%) 44/88 (50.0%) 44/93 (47.3%) P � .7
Advanced stage (II and III) 56/181 (30.9%) 23/88 (26.1%) 33/93 (35.5%) P � .1
Central compartment lymph node metastases (pN1a) 49/181 (27.1%) 6/88 (6.8%) 43/93 (46.2%) P < .0001
BRAF V600E 90/169a (53.3%) 42/82� (51.2%) 48/87� (55.2%) P � .6

Statistically significant P values deriving from the analysis of the three groups are reported in bold.
a In 12 patients (six in Group A and six in Group B), the genetic analysis could not be performed.
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To our knowledge, this study is the first prospective and
randomized study that has been performed with the aim of
exploring the advantages and disadvantages of pCCND in
cN0 patients with PTC. In agreement with other studies,
we confirmed a very high prevalence of lymph node mi-
crometastases in clinically apparent node-negative pa-
tients (cN0) (3, 20). It is conceivable that a similar rate of
micro lymph node metastases could be present in patients
from Group A, who were treated with TTx alone. Nev-
ertheless, patients from Group A and Group B had a com-
parable outcome, with the same percentage of disease-free
patients and biochemical and structural disease. This re-

sult strongly supports the concept that micro lymph node
metastases do not affect the clinical outcome of patients
with PTC (3, 18).

We found that a significantly higher number of 131I
courses was administered to the patients treated with TTx.
Because patients in our center with detectable levels of
basal or stimulated sTg are commonly retreated with a
second course of 131I, it is plausible that this second treat-
ment was more frequent in patients who were treated with
TTx due to higher values of sTg observed at the first con-
trol after the 131I remnant ablation. The reasons for these
higher values of sTg at the first control in Group A are not

well defined, but it is conceivable
that the presence of micro lymph
node metastases, not surgically re-
moved, may play a role in producing
higher levels of sTg. No difference
was observed in the neck uptake of
the two groups, and no cases with
specific neck lymph node uptake at
the first post 131I whole-body scan
were found. This was probably due
to the fact that the remnant uptake
masked the presence of micrometa-
static lymph nodes that were eventu-
ally destroyed by 131I used to achieve
the remnant ablation. This hypothe-
sis was not fully confirmed because
when the analysis was restricted to
thosecases inwhichwewerecertainof
the presence or absence of lymph
nodes (Table 2) no statistically signif-
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Figure 3. Analysis of the surgical complications of patients treated with TTx (Group A) or TTx �
pCCND (Group B). A, the percentage of cord palsy due to recurrent laryngeal nerve injury was
similar in the two groups. B, a statistically significant higher percentage of patients of Group B
had a permanent hypoPTH.

Table 2. Biochemical Parameters and 131I Uptake in Patients Treated With TTx and TTx � pCCND and Thyroid
Remnant Ablation

Clinical-Pathological Features
All Study Group
(n � 181)

Group A TTx
(n � 88)

Group B TTx � pCCND
(n � 93) P-Value

Tg at ablation, ng/mL P � .5
Mean � SD 8.3 � 19.6 10.7 � 26.3 5.9 � 8.8
Median; rangea,b 2.8; 0.1–209.0 3.0; 0.1–209.0 2.7; 0.1–63.2

TSH at ablation, �U/mL P � .2
Mean � SD 57.0 � 18.4 68.2 � 14.8 55.7 � 18.5
Median; rangea,b 61.0; 7.9–80.3 75.0; 26.0–75.0 59.3; 7.9–80.3

131I uptake 24-h at ablation, % P � .5
Mean� SD 4.3 � 4.3 4.3 � 3.9 4.3 � 4.7
Median; rangec 3.1; 0.1–25.3 3.4; 0.1–19.0 2.6; 0.1–25.3

Tg at first control after ablation, ng/mLd P � .0017
Mean � SD 0.36 � 0.73 0.51 � 0.99 0.20 � 0.22
Median; range 0.1; 0.1–7.59 0.2; 0.1–7.59 0.1; 0.1–1.48

Statistically significant p values deriving from the analysis of the three groups are reported in bold.
a Six patients (two in Group A and four in Group B) did not need 131I ablation.
b In two patients (one in Group A and one in Group B) the data are not available.
c In eighteen patients (eight in Group A and ten in Group B) the data are not available.
d In thirteen patients (five in Group A and eight in Group B) the data are not available.
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icant differences were found in the number of 131I courses
used inpN0andpN1patients to reach thedisease free status,
likely due to the low prevalence of retreated cases.

The patients of Group B showed a significantly higher
prevalence of permanent hypoPTH compared with the
patients treated with TTx. This prevalence was high, but
it is important to say that we performed a systematic re-
search in all patients with the most sensitive methods avail-
able, such as serum-ionized calcium to detect asymptom-
atic or mildly symptomatic hypoPTH. Nevertheless, also
in other series of patients treated with pCCND the rate of
permanent hypoPTH is higher than in patients treated with
TTx and very similar to our rate (8). In agreement with other
authors, we did not find significant differences in the rate of
cord palsy in the two groups. The finding that hypoPTH was

more frequent than cord palsy is likely because the parathy-
roid glands are at higher risk of damage than the laryngeal
nerves due to their anatomical localization (21).

Currently, it is clear that pCCND considerably increases
morbidity; however, there is no evidence that recurrence and
mortality rates are lower. One could object that there are
reports showing that the presence of lymph node metastases
increases the risk of local recurrence, but it is worth noting
that these data arise primarily from studies in which patients
with macroscopic/clinically evident lymph node metastases
were examined (22). Moreover, the only evidence of an im-
provement in survival of patients treated with pCCND
comes from a single retrospective study comparing different
populations and not distinguishing prophylactic from ther-
apeutic lymph node dissection (6).

Table 3. Clinical-Pathological Features of Patients With PTC With Central Compartment Lymph Node Metastases
(pN1a) or Without Lymph Node Metastases (pN0)

Clinical-Pathological Features
All Patients with Certainty
of pN0 or pN1a (n � 99)

pN0
(n � 50)

pN1a
(n � 49)a P-Value

Age, y P � .2
Mean � SD 46.0 � 14.8 47.6 � 14.6 44.3 � 15.0
Median; range 47.0; 18.0–80.0 47.0; 25.0–80.0 44.0; 18.0–74.0

Male Sex 28/99 (28.3%) 15/50 (30.0%) 13/49 (26.5%) P � .7
Familiarity 5/99 (5.1%) 1/50 (2.0%) 4/49 (8.2%) P � .1
Tumoral capsule infiltration 77/99 (77.8%) 34/50 (68.0%) 43/49 (87.8%) P � .01
Aggressive variant 22/99 (22.2%) 9/50 (18.0%) 13/49 (26.5%) P � .3
Multifocality 44/99 (44.4%) 20/50 (40.0%) 24/49 (49.0%) P � .3
Bilaterality 36/99 (36.4%) 17/50 (34.0%) 19/49 (38.8%) P � .6
Extrathyroid extension 49/99 (49.5%) 16/50 (32.0%) 33/49 (67.3%) P � .0004
Nodule size, cm P � .7

Mean � SD 1.6 � 0.7 1.6 � 0.7 1.6 � 0.6
Median; range 1.4; 0.7–3.6 1.4; 0.7–3.6 1.4; 0.7–3.2

Tumor size, cm P � .09
Mean � SD 1.6 � 0.8 1.4 � 0.8 1.7 � 0.8
Median; range 1.3; 0.1–4.5 1.2; 0.1–4.0 1.7; 0.6–4.5

T1/T�1 39/99 (39.4%) 30/50 (60.0%) 9/49 (18.4%) P < .0001
T3�T4/T1�T2 49/99 (49.5%) 16/50 (32.0%) 33/49 (67.3%) P � .0004
Advanced Stage (II and III) 37/99 (37.4%) 13/50 (26.0%) 24/49 (49.0%) P � .01
No. of 131I courses (�1) 4/95b (4.2%) 1/46b (2.2%) 3/49 (6.1%) P � .3
Persistent disease 9/99 (9.1%) 2/50 (4.0%) 7/49 (14.3%) P � .07
BRAF V600E 50/93c (53.8%) 26/47c (55.3%) 24/46 c (52.2%) P � .7

Statistically significant p values deriving from the analysis of the three groups are reported in bold.
a In six cases lymph nodes were removed accidentally.
b Four patients in TTx � pCCND N0 did not need 131I ablation.
c In six patients the genetic analysis could not be performed.

Table 4. Changes in AJCC Stage and Radioiodine Treatment Indications in Patients of 45 Years or Older after
pCCND

TNM According
to AJCC (15)

Upstaged
Due to N1a

American Guidelines (12) European Consensus (10)

In Nx Patients In N1a Patients In Nx Patients In N1a Patients

T1aN1a (n. 1) Yes (I3 III) No Selective use No Definite
T1bN1a (n. 1) Yes (I3 III) Selective use Selective use Probable Definite
T2N1a (n. 1) Yes (II3 III) Selective use Selective use Probable Definite
T3N1a (n. 15) No Selective use/Yesa Selective use/Yesa Definite Definite

a In case of DTC � 4 cm.
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As previously discussed, in this study, patients treated
with TTx required more courses of 131I compared with
patients treated with TTx � pCCND to obtain the disease
free status, and it is conceivable that they may represent
the subgroup of those who are expected to have micro
lymph node metastases. Thus, it could be useful to pre-
operatively identify patients with micro lymph node me-
tastases and limit the use of pCCND to these patients (23–
24). Unfortunately, in this study, no preoperative features
were able to predict the presence of microscopic lymph
node metastases. In particular, the only features that sig-
nificantly correlated with the presence of central compart-
ment lymph node micrometastases were extrathyroidal
extension, tumoral capsule infiltration, size and aggres-
siveness of the tumor, and advanced stage at diagnosis.
Interestingly, unlike other authors (25), we were not able
to identify a nodule size that could suggest for or against
pCCND. In our study, the only predictive factors of the
presence of lymph node micrometastases were postoper-
ative findings obtained at histology, which are useless in
providing a preoperative indication for pCCND.

The role of BRAF V600E mutation as a predictor of
lymph node metastases is still controversial (26). There-
fore, we should distinguish those studies in which the cor-
relation of BRAF mutation is performed with clinically
relevant lymph nodes (cN1), mainly laterocervical nodes
from those in which the correlation was performed with
micrometastatic lymph nodes (cN0) (25, 27). Although we
are among those who found a positive correlation of
BRAF mutation and macroscopic lymph nodes metastases
(28), in the present series, we did not find any correlation
with these micrometastases. A hypothesis to explain this
apparent controversial data are related to the concept of
aggressiveness: if we believe that micrometastatic lymph
nodes of the central compartment are clinically irrelevant,
it is conceivable that BRAF mutation can be either mu-
tated or not mutated.

The histological data obtained with the analysis of the
central nodes could provide important staging informa-
tion; in fact, it may convert some patients from apparently
cN0 to pN1a. However, the presence of metastatic lymph
nodes is relevant only in patients over 45 years of age
because in younger patients, the presence/absence of
lymph nodes metastases does not change disease stage
(15). In this study, the stage changed in 3/181 (1.6%)
patients, with very small effect on their clinical manage-
ment. Only one patient was treated with 131I, which would
not have occurred if he was treated with TTx alone. In the
era in which the use of 131I for remnant ablation is be-
coming controversial, particularly for low-risk patients,
TTx for these patients could be a more widely accepted
option.

The main limitation of this study is the low statistical
power due to the small number of patients with persistent
disease after treatment, which might have inflated the type
I errors in the statistical analyses. In fact, according to a
previous study (29), a theoretical sample size of 5840 pa-
tients would be required to obtain a significant difference
between outcomes of different procedures with a power of
0.80. Nevertheless, in the present study we carried out a
power calculation analysis based on the noninferiority,
rather than the equality, of the TTx � pCCND treatment
compared with the TTx alone. Accordingly, by setting a
noninferiority margin of 15% for the clinical remission
rate between the two groups (ie, considering the TTx treat-
ment at least not appreciably worse than the TTx �

pCCND treatment in terms of persistence of the disease),
we were able to satisfy the power requirements with a
reasonably lower number of patients.

In conclusion, in this prospective randomized con-
trolled study, the 5-year followup of cN0 patients with
PTC treated either with TTx or TTx � pCCND showed a
similar outcome in the two groups. To obtain the same
outcome, a greater number of patients treated with TTx
needed a higher number of 131I courses, but those treated
with TTx � pCCND had a higher number of permanent
hypoPTH that severely affect the quality of life. Almost
50% of patients with PTC had micrometastatic lymph
nodes in the central compartment but none of the pre-
surgical features analyzed, including BRAF mutation in
the primary tumor, was able to predict their presence.
Taking into consideration all these aspects of the study,
it seems that there are no clinical advantages in per-
forming pCCND in patients with PTC with cN0 at neck
ultrasound.
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