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Background: The impact of extranodal extension (ENE) of metastatic papillary thyroid carcinoma (PTC) on
short- and long-term clinical outcomes, including biochemical testing, has not been reported.

Methods: This single-institution National Cancer Institute-designated Comprehensive Cancer Center cohort
study included patients with macroscopic metastases and excluded patients with gross residual disease after
surgery, distant disease, or poorly differentiated papillary carcinoma. A suppressed or stimulated thyroglobulin
(Tg) <1ng/mL, without suspicious imaging or anti-thyroglobulin antibodies, after radioactive iodine (RAI)
treatment was termed an excellent or “complete biochemical response” (CR).

Results: Of 89 subjects included, 60 previously untreated patients underwent total thyroidectomy and
therapeutic neck dissection; 29 additional patients underwent a neck dissection for persistence or recur-
rence after prior surgery and RAI administration. ENE, identified in 29 patients (33%), was associated
with T4 classification (p=0.02) and involvement of a greater number of nodes (median 11 vs. 5, p=0.03).
ENE was associated with a 20% increased risk of nodal persistence necessitating additional surgery
(p=0.02). In a multivariable analysis, ENE, T4 classification, and recurrence/persistence proved to be
independent predictors of systemic disease progression (ENE: hazard ratio [HR] 4.3 [95% confidence
interval (CI) 1.2-15], p=0.02; T4 classification: HR 4.2 [CI 1.3-14], p=0.01; recurrent/persistent status: HR
3.6 [CI 1.1-12], p=0.035). Nodal or systemic disease progression was rare after a biochemical CR; in
contrast, in previously untreated patients, stimulated Tg levels (sTg) >50ng/mL prior to initial RAI
administration, heralded the progression of nodal disease, and also predicted the eventual development
of systemic disease (p=0.0001). Of those with a sTg >50ng/mL, over 70% underwent surgery for nodal
persistence within five years. The presence of ENE diminished the odds of a biochemical CR (odds ratio 3.5%
[CI 1.3-10], p=0.02), and increased the probability that the sTg levels after surgery will exceed 50 ng/mL
(odds ratio 5 [CI 1.2-21], p=0.03). Following surgery for tumor persistence, 25% of those with ENE were
rendered biochemically free of disease.

Conclusions: ENE diminishes the probability of a biochemical CR after treatment for regional metastatic PTC,
and increases the probability of tumor persistence after initial resection, likely from abundant metastasis. ENE
and nodal persistence independently predict eventual systemic disease progression.

Introduction

ROWTH OF THYROID CANCER through a tissue barrier may
be a feature of the primary cancer itself or of a metastatic
deposit in a lymph node, where it is described as extranodal
extension (ENE). Extrathyroidal extension of the primary
tumor increases T-stage (1). ENE is not recognized in any

staging system. Nevertheless the presence of ENE of papillary
thyroid cancer has been associated with an increased risk of
nodal recurrence, distant metastases, and cancer-related
death (2-7). In contrast to BRAF (recognized as a marker of
enhanced potential for tumor invasion and metastasis), the
development of ENE is believed to be a late event in the
progression pathway for papillary carcinoma (7).
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Currently, biochemical assessments of thyroglobulin (Tg)
levels are better predictors of short-term clinical outcomes
such as nodal disease recurrence than any histopathologic
staging criterion alone (8,9). A postoperative, stimulated,
preablation Tg level (sTg) above 50ng/mL predicts nodal
persistence (defined as disease not eradicated with initial
treatment) with a positive predictive value of 97% (10). A
complete biochemical response, using a “dynamic” risk-
stratification approach and assessed 624 months after the
completion of treatment is associated with the subsequent
development of structurally identifiable disease in 0-4% of
cases (9). Thus, patients who achieve a complete biochemical
response after treatment are at a very low risk of developing a
recurrence (defined as the development of disease after prior
biochemical and structural eradication of disease). We hypo-
thesized that metastatic nodes with ENE were more subject to
nodal persistence and less likely to exhibit a complete bio-
chemical response after treatment, accounting for the adverse
outcomes associated with the ENE phenotype, a clinico-
pathologic marker readily available at most institutions. Re-
cognizing patients at risk of nodal persistence could inform
treatment decisions in the perioperative period.

Materials and Methods
Subjects

We retrospectively reviewed the charts of 294 patients with
papillary thyroid carcinoma (PTC) treated at the Fox Chase
Cancer Center between February 1, 2000, and March 9, 2010.
This study was approved by the Fox Chase Cancer Center
Institutional Review Board. Patients with poorly differenti-
ated thyroid cancers (poorly differentiated papillary thyroid
carcinoma, insular carcinoma, or anaplastic thyroid carcino-
ma), medullary carcinoma, or other nonfollicle-derived thy-
roid cancers were excluded. Patients with gross residual
tumor or known distant disease at the time of resection were
also excluded. A minimum of 24 months follow-up was re-
quired for entry into the study unless the patient had a clinical
event (such as a recurrence). The indication for neck dissection
was macroscopic nodal disease in all cases. A compartment-
oriented dissection of levels II through V, including Level IIb
(11,12) was performed. All patients received thyrotropin
(TSH) suppressive therapy, underwent at least one follow-up
neck ultrasound per year, and were submitted to at least one
radio-iodine scan during the initial 24 months after surgery.

Risk-stratification

Patients were classified according to the American Joint
Commission of Cancer Staging (AJCC) 7th edition (1) and the
new American Thyroid Association (ATA) risk of recurrence
system (9). T4 classification (reflecting tumor invasion of the
subcutaneous soft tissues, larynx, esophagus, trachea, or re-
current laryngeal nerve) corresponded to high-risk stratifica-
tion in the ATA staging system based on macroscopic tumor
invasion. Extranodal extension was assigned pathologically
by tumor cells extending beyond the lymph-node capsule into
the perinodal fibroadipose tissue—thus, microscopic or gross
disease beyond nodal capsule resulted in diagnosis. All
specimens included in the series were reviewed at our insti-
tution, and the presence of ENE characterized by a pathologist
(D.E.) for the purpose of this analysis.
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Endpoints

Stimulated Tg levels were obtained postoperatively after
withdrawal of thyroid hormone, and with a TSH of at least 30.
A complete response to treatment was defined as a sup-
pressed or stimulated Tg of <1ng/mL, in the absence of
findings suspicious for structural disease on neck ultrasound,
cross-sectional or nuclear medicine imaging, 6-24 months
after radioiodine treatment, consistent with an “excellent”
biochemical response as defined by Tuttle et al. (9). By defi-
nition, patients with persistent antithyroglobulin antibodies
were excluded from this group. Regional control was defined
as survival without clinical or radiographic evidence of
structural disease at any neck level. In the absence of distant
metastases, patients with structural disease in the neck un-
derwent surgery for persistence or recurrence.

Systemic disease progression was defined as the develop-
ment of structural or measurable disease, either in the pres-
ence or absence of locoregional control. Confirmation of the
development of systemic disease on cross-sectional imaging
such as CT scan or 18-FDG-PET-CT was required. The deci-
sion to initiate systemic therapy (doxorubicin, or more re-
cently, novel, multitargeted tyrosine kinase inhibitors) was
undertaken at the discretion of the treatment team, most
commonly in response to progression of distant disease on a
CT scan in the setting of iodine-refractory cancer.

Statistical methods

Categorical comparisons were performed using the Fisher
exact test. Nonparametric testing (Mann-Whitney U-test) was
used to assess quantitative differences between Tg levels. The
probability of a complete biochemical response or postopera-
tive sTg level >50ng/mL based on predictor variables was
assessed using logistic regression. Survival times were calcu-
lated from the date of neck dissection. The Kaplan-Meier
method was used to estimate survival. Univariable differences
in survival were calculated using the log rank test. Deaths
from causes other than thyroid cancer were censored at that
time. Multivariable Cox proportional hazard regression was
performed using SPSS software V20 (IBM, Armonk, NY).

Results

Sixty patients with newly diagnosed, previously untreated
papillary carcinoma were managed with a total thyroidec-
tomy, central compartment dissection, lateral neck dissection,
and postoperative radioiodine. An additional 29 patients
treated with neck dissection for nodal disease after prior
treatment with surgery and radioiodine ablation were also
included. All patients had structural evidence of nodal dis-
ease. Median primary tumor size was 2. cm (0.1-8 cm). Of 89
papillary carcinomas, 80 (90%) were multifocal. Clinical
characteristics are listed in Table 1. Thirty-four patients (40%)
achieved a complete biochemical response. Thirteen patients
with antithyroglobulin antibodies were considered to have an
incomplete biochemical response.

With a median follow-up of 59 months, 17 patients devel-
oped nodal metastases (a median of 39 months after the index
procedure), which were treated with additional surgery. In
addition, 12 patients developed distant metastases (five in the
primary group and seven in the recurrence/persistence
group) detected a median of 43 months after the index nodal



EXTRANODAL EXTENSION BIOCHEMICAL ENDPOINTS METASTATIC PAPILLARY CARCINOMA 1101

TABLE 1. CLINICAL/PATHOLOGIC CHARACTERISTICS OF 89 PATIENTS WITH METASTATIC PAPILLARY THYROID CARCINOMA

Primary (n=60):

Recurrent (n=29):

number (%) number (%) p-Value
Age
Median (range) 44 (20-85) 42 (22-82) 0.35
Sex
Female 37 (61.7%) 22 (75.9%) 0.17
Histologic variant
Classic papillary carcinoma 45 (75%) 21 (72.4%) 0.74
Follicular variant 6 (10%) 2 (6.9%)
Tall cell variant 9 (15%) 6 (20.7%)
Overall stage®
Stage I 33 (55%) 17 (68%) .007
Stage II 0 (0%) 2 (8%)
Stage 11T 1 (1.7%) 2 (8%)
Stage IV 26 (43.3%) 4 (16%)
T-classification®
T1 17 (28.3%) 2 (6.9%) 0.072
T2 8 (13.3%) 8 (27.6%)
T3 27 (45%) 14 (48.3%)
T4 8 (13.3%) 5 (17.2%)
Nodal metastases
Lateral compartment 44 (73%) 25 (86%) 0.28
Central compartment 56 (93%) 22 (76%) 0.04
M-stage®
Distant disease present 0 (%) 0 (0%) 1
ATA staging system”
High risk 8 (13.3%) 5 (17.2%) 0.75
Intermediate risk 52 (86.7%) 24 (82.8%)
Extranodal extension®
ENE present 16 (26.7%) 13 (45%) 0.09
Metastatic lymph nodes
Lateral compartment
Median positive (range) 4 (1-18) 5 (1-14) 0.98
Total harvested (range) 44 (17-80) 41 (8-78)
Central compartment
Median positive (range) 3 (0-20) 3 (0-12) 0.24
Total harvested (range) 9 (2-32) 3 (0-15)
Radioiodine treatment, median (range)
Before surgery NA 156 mCi (0-452)
After surgery 150 mCi (93-250) 115 mGi (0-250)
External beam radiation after surgery 7 (11.7%) 3 (10.3%) 1

?AJCC, 7th ed. (1) Staging for patients with recurrences refer to initial stage.

> American Thyroid Association new staging system. Tuttle ef al. (9).

“Extranodal extension (ENE) present at the time of the neck dissection.

dissection. Eight patients began systemic therapy a median of
54 months after surgery, and six subsequently died of the
disease.

The clinical and pathologic characteristics of patients with
nodal recurrence/persistence, initially treated elsewhere,
and newly diagnosed patients are compared in Table 1. Pa-
tients with recurrence or persistence of thyroid cancer were
more likely to have had an initial AJCC Stage I PTC
(p=0.01). They were also slightly less likely to have primary
cancers <2 cm in diameter, and more likely to exhibit ENE in
nodal metastases, but these differences were not statistically
significant. All but one patient with recurrence/persistence
were previously treated with RAI, and some had been trea-
ted several times.

Patients with and without ENE were compared in order to
ascertain whether ENE was associated with factors known to
affect prognosis (Table 2). ENE was associated with T4-
classification/high-risk ATA features (p=.02), and a greater
total number of nodes involved (median 11 vs. 5, p=0.03;
Table 2).

Clinicopathologic predictors of regional recurrence, distant
progression, and systemic therapy use for the entire cohort are
listed in Table 3. Of the clinicopathologic features tested, only
ENE predicted diminished regional control—although not as
well as biochemical approaches. Of the 17 patients with nodal
disease after initial operation, only one achieved a complete
biochemical response after treatment. Thus, 16 of the 17 pa-
tients likely had nodal persistence rather than recurrence.
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TABLE 2. CLINICOPATHOLOGIC DIFFERENCES BETWEEN PATIENTS WITH OR WITHOUT EXTRANODAL EXTENSION
IN METASTATIC PAPILLARY CARCINOMA

No ENE (n=60) (%) ENE (n=29) (%) p-value
Age
Median (range) 40 (19-83) 49 (22-71) 0.23
Sex
Male 19 (32%) 11 (38%) 0.63
Histologic variant
Tall cell variant versus other 10 (17%) 5 (17%) 1.0
T-classification®
T4 versus T1-3 5 (8%) 8 (29%) 0.02
ATA staging system”
High risk (8%) 8 (29%) 0.02
Intermediate risk 55 (92%) 20 (71%)
Metastatic lymph nodes
Lateral compartment
Median positive (range) 3.5 (1-18) 6 (0-14) 0.29
Total harvested (range) 42 (21-80) 42 (13-70)
Central compartment
Median positive (range) 3 (0-20) 6 (0-19) 0.018
Total harvested (range) 7 (0-32) 9.5 (1-26)
Recurrent status
Recurrence/persistence 16 (27%) 13 (45%) 0.09
Radioiodine treatment, median (range)
Before surgery 136 mCi (0-250) 150 mCi (0-246) 0.61
After surgery 155 mCi (0-350) 195 mCi (100-452) 0.55
External beam radiation after radiation 4 (7%) 6 (21%) 0.07

?AJCC, 7th ed. (1). Staging for patients with recurrences refer to initial stage.

b American Thyroid Association new staging system. Tuttle et al. (9).

In addition to diminishing regional control, ENE was also
associated with systemic disease progression and with in-
creased systemic therapy use (Table 3). In a multivariable
analysis, ENE, T4 classification/high-risk ATA stage, and re-
currence/persistence were identified as independent predic-
tors of systemic disease progression (ENE: hazard ratio [HR]
4.3 [95% confidence interval (CI) 1.2-15], p=0.02; T4 classifi-
cation: HR 4.2 [CI 1.3-14], p=0.01; recurrent status: HR 3.6 [CI
1.1-12], p=0.035). Tall cell variant papillary carcinoma was also
an independent predictor of distant failure, but the magnitude
of the effect was smaller (HR 2.4 [CI 1.3-4.7], p=0.007). Thus,
the increased risk of systemic disease progression among pa-
tients with ENE is independent of the risk conferred by the
presence of persistent or recurrent disease, T4 classification/
high-risk ATA features, or tall cell variant papillary carcinoma.

However, biochemical studies were found to be more ef-
fective in predicting clinical outcomes, particularly in the
short term. A complete biochemical response, achieved in 41%
of previously untreated patients and 37% of patients with
recurrence or persistence, largely predicted freedom from
nodal disease, systemic disease progression, and systemic or
chemotherapy use (Table 3). In fact, three patients with T4
classification/high-risk ATA features (25% of patients with
those features), and six patients with ENE (21%) achieved a
complete biochemical response after treatment.

For previously untreated patients, the best predictor of
persistent nodal disease was the stimulated thyroglobulin
level measured after resection but before RAI administration.
This portion of the analysis was limited to 40 patients, none of
whom had cross-reacting anti-Tg antibodies, and for whom

TABLE 3. UNIVARIABLE PREDICTORS OF REGIONAL CONTROL, SYSTEMIC DISEASE PROGRESSION, AND INITIATION
OF SYSTEMIC OR CHEMOTHERAPY AMONG PATIENTS WITH METASTATIC PAPILLARY THYROID CARCINOMA

Regional control

Survival without
systemic disease

Survival without systemic
or chemotherapy

Predictors 5-year rate p-value 5-year rate p-value 5-year rate p-value
Age (at least 45 years) 66% vs. 81% 0.47 81% vs. 92% 0.16 82% vs. 97% 0.09
Tall cell variant 58% vs. 75% 0.15 67% vs. 96% 0.02 63% vs. 98% 0.02
T4 classification® 81% vs. 73% 0.95 67% vs. 92% 0.001 73% vs. 95% 0.008
Extranodal extension” 61% vs. 82% 0.02 70% vs. 93% 0.003 73% vs. 100% 0.0001
Recurrent status 76% vs. 75% 0.73 83% vs. 89% 0.02 90% vs. 92% 0.03
Complete biochemical response 94% vs. 64% 0.004 100% vs. 81% 0.008 100% vs. 89% 0.09
Stimulated Tg >50ng/mL 23% vs. 85% 0.01 55% vs. 100% 0.001 79% vs. 100% 0.02

?AJCC, 7th ed. (1). Staging for patients with recurrences refer to initial stage.

PENE present at the time of the neck dissection.



EXTRANODAL EXTENSION BIOCHEMICAL ENDPOINTS METASTATIC PAPILLARY CARCINOMA 1103
TABLE 4. BIOCHEMICAL STUDIES: THE POSTOPERATIVE STIMULATED THYROGLOBULIN
Predictors/outcomes Median values (ng/mL) (range in ng/mL) p-value
Effects of pathologic variables on sTg
Tall cell variant 10 vs. 1.8 (0.1-601 vs. 0.1-500) 0.20
T4 classification® 15 vs. 1.9 (0.5-601 vs. 0.1-500) 0.24
Extranodal extension® 20 vs. 1.3 (0.1-601 vs. 0.1-500) 0.03
Pre-ablation sTg and outcomes
Incomplete biochemical response 11vs. 1 (0.1-600 vs. 0.1-3.1) 0.002
Nodal recurrence 82 vs. 1.3 (0.1-601 vs. 0.1-483) 0.003
Distant metastases 491 vs. 1.8 (11.2-601 vs. 0.1-179) 0.0001

n=40. Sample restricted to previously untreated patients after surgery but before initial RAI treatment.

?AJCC, 7th ed. (1).
PENE present at the time of the neck dissection.

initial stimulated Tg levels were available (representing 75%
of evaluable patients). The measured stimulated thyroglobu-
lin was significantly lower in patients who went on to achieve
a complete biochemical response (Table 4). A pre-RAI sTg
level >50ng/mL was associated with a biochemical incom-
plete response to treatment in every case, and was highly
predictive of adverse outcomes (Table 3 and Fig. 1).

Indeed, almost 80% of patients with pre-RAI sTg >50ng/
mL required additional surgery for persistent disease within
five years (p=0.01; Fig. 2). Of the seven patients with sTg
>50ng/mL, five underwent additional surgery for nodal
metastases, and three eventually developed pulmonary me-
tastases. In contrast, four of 33 patients with lower sTgs re-
quired subsequent lymphadenectomy. Of these, three had
sTgs <10ng/mL and two had sTgs <3ng/mL. Thus, ele-
vated pre-RAI sTgs are very specific for clinically significant
nodal persistence. The converse, however, is not true: a low
sTg did not guarantee a complete biochemical response or
freedom from recurrence.

The presence of ENE increased the probability of nodal
persistence. The presence of ENE in previously untreated
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FIG. 1. Scatterplot of preradioactive iodine (RAI) stimu-
lated thyroglobulin (sTg) plotted against the number of no-
dal metastases harvested. Black X’s indicate patients who
subsequently underwent surgery for nodal disease. An in-
creased preablation sTg rather than the number of metastatic
nodes is associated with clinically significant nodal persis-
tence requiring additional surgery.

patients increased the probability that pre-RAI stimulated Tg
levels after resection would exceed 50 ng/mL some fivefold
(odds ratio 5 [CI 1.2-21, p=0.03). No other clinicopathologic
features were significantly associated with elevated postop-
erative sTg levels (Table 4). ENE was generally associated
with higher median sTg levels after operation (20ng/mL vs.
1.3ng/mL, p=0.03), as well as higher metastatic nodal yields
(median 11 vs. 5, p=0.03; Fig. 3).

As expected, the presence of ENE also diminished the
probability of a biochemical complete response for the entire
cohort (odds ratio 3.5 [CI 1.3-10], p=0.01), from 49% (28/57)
to 21% (6/28). ENE was the only variable significantly asso-
ciated with this endpoint. As noted above, nodal recurrence
occurring after a complete biochemical response was rare, and
was seen in only one patient.

Seven of 13 patients found to have ENE in the persistence/
recurrence category had no prior evidence of ENE. No nodes
had been examined in four, and sampled nodes had no evi-
dence of ENE in three. Of 29 patients treated for recurrent or
persistent disease in the neck, 10 were rendered biochemically
free of cancer. Of these, three-quarters exhibited no ENE. Only
three of 12 patients with ENE (25%) treated for recurrence or
persistence were biochemically free of disease after lympha-
denectomy.
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FIG. 2. An sTg level >50ng/mL after initial surgery was
associated with clinically significant nodal disease requiring
additional surgery.
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FIG. 3. Scatterplot of pre-RAI sTg plotted against number
of nodal metastases harvested. Metastatic papillary thyroid
carcinoma with extranodal extension (ENE; x) generally is
characterized by a larger number of metastases and higher
sTg levels.

Discussion

The American Thyroid Association Risk of Recurrence
Classification, in conjunction with biochemical and imaging
studies obtained during the first two years of follow-up, has
been shown to predict clinical outcomes significantly better
than histopathologic assessments alone. Patients considered
at intermediate or high risk of recurrence based on the initial
ATA estimate, such as those in our cohort, are at very low risk
of developing structurally identifiable disease if they achieve
an excellent response to initial therapy (9). Conversely, a
stimulated thyroglobulin level >50ng/mL, obtained after
initial surgery but prior to RAI administration, is associated
with a high rate of residual nodal tumor, consistent with ob-
servations reported by Piccardo et al. (13). In our intermediate
to high-risk cohort, persistent nodal disease after treatment,
rather than recurrence after a complete biochemical response,
accounted for a large proportion of treatment failures.

Since completeness of the initial surgical resection is the
major determinant of the pre-RAI sTg, it is likely that disease-
related outcomes are more affected by the initial surgical
resection than by other variables. However, the sTg level is
reliable only after a complete thyroidectomy with minimal
residual thyroid tissue remaining. In that setting, the pre-RAI
sTg level may serve as a metric for the adequacy of lympha-
denectomy, and allow earlier identification of nodal persis-
tence after neck dissection. The presence of an elevated
preablation sTg, particularly in the setting of ENE, should
trigger a meticulous search for retained nodal disease. Con-
cerns that a high postoperative sTg reflects distant disease
may be misplaced. Although systemic metastases were
eventually detected in almost half of patients with highly el-
evated sTgs, this did not ensue for several years after lym-
phadenectomy. It is unclear whether early node dissection for
patients with highly elevated stimulated Tg levels would
have changed the outcome of patients with distant cancer. A
multidisciplinary team with effective communication be-
tween endocrinology, surgery, nuclear medicine, and radiol-
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ogy is needed to determine the best course of action in the face
of an elevated pre-RAI sTg value.

In this study, ENE diminished the probability of a complete
biochemical response, and in previously untreated patients
increased the probability that the sTg level after surgery
would be highly elevated. ENE was also strongly associated
with abundant regional metastases (more than twofold higher
than with nodes lacking ENE). Interestingly, the number of
nodes involved was not directly related to the postoperative
sTg level, and did not appear to affect clinical outcomes. This
may be because it is not the number of nodes removed but
rather the nodal burden retained in the patient that defines
“nodal persistence.”

Others have reported an association between ENE and both
distant failure and cause-specific survival (4,5). ENE has
previously been linked to extracapsular extension of the pri-
mary cancer (2) and T4 stage (2—4). In our study, ENE was
frequently identified in those patients requiring neck dissec-
tion for macroscopic recurrence or persistence. The impact of
ENE on the risk of developing distant metastases was inde-
pendent of the nodal persistence itself. In at least half of these
subjects, ENE was not appreciated during the initial resection.
ENE is exceedingly unlikely with microscopic nodal disease,
and can only be discerned when macroscopic tumor deposits
are examined. Molecular markers of ENE might identify pa-
tients with more aggressive disease.

ENE has been associated with other prognostic markers,
including poor differentiation, distant metastases on initial
presentation, and unresectable disease (14), all of which
served as exclusion criteria for this study. This eliminated
many older patients from inclusion in the series. Younger
patients were overrepresented among those treated for nodal
recurrence. As a result, the sample population was relatively
young. However, the outcomes of these patients were less
favorable than those typically associated with younger age.

In the absence of certain high-risk features (poorly differ-
entiated papillary carcinomas, unresectable cancer, and distant
disease on initial presentation), ENE nevertheless differenti-
ated patients with metastatic PTC into prognostically distinct
groups, suggesting that ENE should be considered in the initial
assessment of recurrence risk. Notably, ENE predisposed to
nodal persistence rather than genuine nodal recurrence after a
biochemical complete response.

Limitations of this study include its retrospective design
and single-institution experience. Biochemical data were less
complete early in the series. Although the absolute number of
patients was relatively small, the cohort comprises an inter-
mediate to high-risk group, with sufficient events and power
to perform a multivariable analysis to assess determinants of
systemic disease progression (but not the more delayed can-
cer-related death). Understanding factors associated with
nodal persistence or recurrence after surgery should facilitate
the development of strategies to improve clinical outcomes.
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