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A study of recurrence and death from
papillary thyroid cancer with 27 years
of median follow-up
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Background. Although recurrence and death can occur in patients with papillary thyroid cancer (PTC)
several years after being diagnosed, the necessary duration of follow-up for these patients remains
unclear.
Methods. This was a single-institution, retrospective review of 269 patients with PTC. Cox proportional
hazards model and Kaplan-Meier curves were used to identify risk factors for recurrence and death. Risk
predictors included age, sex, radiation exposure history, extent of operation, radioactive iodine treatment,
follicular variant of PTC (FVPTC), extrathyroidal invasion, multifocality, TNM status, and stage.
Results. Median follow-up was 27 years. Of 269 patients, 180 (66%) were female, and 196 (73%)
were#45 years of age. Recurrence and cancer-specific death rates were 28% and 9%, respectively. Time
to recurrence (±SD) was 8.1 (± 8.3) years and to cancer-specific death was 9.0 (± 11.0) years; however,
11% of recurrences and 17% of deaths occurred after 20 years. Risk factors for recurrence were older
age, FVPTC, T4 tumors, cervical lymph node involvement, metastases, and stage $ 4a. Predictors of
death from PTC were older age, metastases, and stage $ 3.
Conclusion. Both recurrences and death from PTC can occur more than 30 years after being treated, thus
lifelong follow-up of patients with PTC is necessary. (Surgery 2013;154:1436-47.)
From the Department of Surgery, Endocrine Surgery Research Program,a Department of Medicine, Section
of Endocrinology, Diabetes, and Metabolism,b Department of Health Studies, Section of Biostatistics,c Uni-
versity of Chicago Pritzker School of Medicine, and Professor Emeritus,d University of Chicago, Chicago, IL;
Research Professor, University of Rhode Island-Providence,e Providence, RI; and Cancer Registry,f University
of Chicago Medicine, Chicago, IL
AFTER TREATMENT for papillary thyroid cancer (PTC),
prolonged follow-up is necessary because recur-
rence and death can occur years after diagnosis.1-3

Three frequently cited long-term studies on PTC
have median follow-up times of only 11,4 15,5 and
15.71 years. Thus, our understanding of the
extended long-term morbidity and mortality of
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PTC decades after the initial diagnosis is uncertain.
Investigating the long-term risks associated with
PTC may lead to improved tailoring of treatments
and surveillance testing for those at greatest risk
from their cancers while potentially limiting unnec-
essary therapy and monitoring of patients at less
risk. In an environment of uncontrolled health
care costs and finite resources, better knowledge
of risk predictors associated with poor outcome
should lead tomore appropriate, cost-effective care.

In 1990, DeGroot et al4 published a landmark
article on the natural history, treatment, and
course of PTC of 269 patients treated at the Uni-
versity of Chicago between 1968 and 1988 with a
median follow-up period of 11 years from diag-
nosis. The study found that 25% of PTC patients
had recurrent disease and that 8.2% died from
PTC. Cervical lymph node involvement and less
than total/near total thyroidectomy were associ-
ated with increased risk of recurrence. Extra-
thyroidal invasion, distant metastases, less than
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total/near total thyroidectomy, and age >45 years
of age increased the risk of death. In addition,
the study provided strong but not conclusive data
that radioactive iodine (RAI) remnant ablation
benefited patients with intrathyroidal tumors
greater than 1 cm and those with cervical lymph
node metastases.

Not all studies have supported the findings in
this original analysis. Perhaps most controversial
are the risks associated with cervical metastases and
postoperative RAI. Although some studies have
corroborated that cervical metastases increase can-
cer recurrence, others have not.6 Recent data sug-
gest that larger, clinically apparent, and abundant
cervical lymphadenopathy or a high ratio of meta-
static to total lymph nodes may increase risk of
recurrence, whereas small-volume lymphadenopa-
thy may confer lesser risk.7,8 In addition, the pres-
ence of extranodal extension may negatively
impact disease-specific survival.8,9

The benefit of RAI remnant ablation is still
debated, particularly in low-risk patients. Although
older, retrospective data suggest that patients with
isolated tumors >1.5 cm may have a lesser risk of
recurrenceafterRAI therapy,1 inmore recent studies
researchers have concluded that RAI in low-risk pa-
tients has no benefit andmay, in fact, have unaccept-
able side effects.10,11 The benefits of RAI in greater
risk patients are better established, but data are not
entirely convincing.12 TheAmericanThyroid Associ-
ation recommends RAI inmany stage 3–4 cancers or
when metastatic disease is present, although the
American Thyroid Association guidelines acknowl-
edge that there are inadequate or conflicting data
in many clinical situations.12

We aimed to provide additional long-term
follow-up on the original University of Chicago
cohort of patients to ascertain a more accurate risk
of recurrence and death over several decades and
to further identify risk factors associated with poor
clinical outcome. We report a median follow-up of
27 years on the University of Chicago cohort.

METHODS

Patients and follow-up. A database describing
the nonconsecutive patient cohort from the orig-
inal University of Chicago study was provided by
DeGroot et al.4 Data on demographics, tumor pa-
thology, treatments, recurrences, and deaths were
extracted. Pathologic diagnoses were based on
the original evaluations. Additional follow-up was
ascertained from the medical records and the Uni-
versity of Chicago Cancer Registry. The cancer reg-
istry confirmed specific data on death and
recurrence via the social security death index,
death certificates, obituaries, and direct patient
follow-up. The study was approved by the Univer-
sity of Chicago Institutional Review Board.

Statistical analysis. Kaplan-Meier curves were
used to demonstrate recurrence and survival rates,
and their significance was determined with the log-
rank test. We used Cox proportional hazards model
with stepwise variable selection to examine the indi-
vidual effects of risk predictors on cancer recurrence
and cancer-specific death. No interaction terms were
found to be statistically significant. Continuous data
are either expressed as median values or mean ± SD.
Potential risk predictors were age, sex, radiation
exposure history, extent of operation, RAI treat-
ment, follicular variant of PTC (FVPTC), extrathyr-
oidal invasion, multifocality, TNM status, and stage.
Age was evaluated as both a continuous variable and
as a categorical variable divided into three groups:
<45 years of age, 45–60 years of age, and>60 years of
age. The categorical age variable was used in the
multivariate analysis. We studied cervical lymphade-
nopathy by number of positive nodes: 0, 1–5, or >5
lymph nodes and by location according to the TNM
classification: central neck (N1a) or lateral neck
(N1b). Patients with Nx status were considered to
have no clinically apparent lymphadenopathy based
on preoperative evaluation and were considered N0
in theCoxmodels.Mx status was treated as unknown
data because this information was undetermined
most commonly at the time of operation and was not
included in theCoxmodels. Tumor stagingwasdone
according to the 7th edition of the American Joint
Committee on Cancer TNM (Tumor-Node-Metas-
tasis) guidelines.13 We defined recurrence as either
development of new disease or progression of exist-
ing disease. We treated deaths from other causes as
censoring.

Twenty-six patients were excluded from the
analysis because of incomplete staging. Stage also
was excluded from the final analysis because can-
cer stage is derived from other intrinsic variables
such as age and tumor characteristics. The hazard
ratios from the marginal model were considered
the final model for stage.

RESULTS

Cohort demographics (Table I). The study
cohort consisted of 269 patients, 180 (67%) fe-
males and 89 (33%) males. Mean age was 35.9 ±
15.5 years. A total of 196 (73%) patients were
<45 years of age at diagnosis, 52 (19%) patients
were between 45 and 65 years, and 21 (8%) pa-
tients were >65 years of age. The cohort was
notable for a large number of patients with low-
dose radiation exposure (99 patients, 37%).



Table I. Study cohort characteristics with total numbers, deaths from thyroid cancer, and recurrences
grouped by risk factor

Characteristic/risk factor

N Death Recurrence

n (% of total*) n (% of subgroupy)
Patient

Age, y, mean ± SD 35.9 ± 15.5
<45 196 (73) 6 (3) 51 (26)
45–60 51 (19) 8 (16) 12 (23)
>60 22 (8) 10 (45) 12 (57)

Female 180 (67) 13 (7) 47 (26)
Male 89 (33) 11 (12) 28 (31)
Radiation exposure (+) 99 (37) 7 (7) 29 (29)
Radiation exposure (�) 170 (63) 17 (10) 46 (27)

Treatment
Thyroidectomy
Total/near-total 178 (66) 11 (6) 39 (22)
Less than total 83 (31) 11 (13) 32 (39)
Unknown 8 (3) 2 (25) 4 (50)

RAI therapy (+) 141 (52) 11 (8) 35 (25)
RAI therapy (�) 128 (48) 13 (10) 40 (31)
Surgery at University of Chicago 162 (60) 10 (6) 34 (21)
Surgery not at University of Chicago 107 (40) 14 (13) 41 (38)

Tumor
Papillary 118 (44) 11 (9) 22 (19)
Papillary-follicular variant 151 (56) 13 (9) 53 (35)
Extrathyroidal invasion (+) 34 (13) 7 (21) 21 (62)
Extrathyroidal invasion (�) 235 (87) 17 (7) 54 (23)
Unifocal 148 (55) 14 (10) 41 (28)
Multifocal 121 (45) 10 (8) 34 (28)
No. positive lymph nodes
0 164 (61) 15 (9) 36 (22)
1–5 65 (24) 5 (8) 22 (34)
>5 40 (15) 4 (10) 17 (43)

T1a 71 (26) 3 (4) 7 (10)
T1b 61 (23) 1 (2) 15 (25)
T2 51 (19) 2 (4) 11 (22)
T3 32 (12) 11 (34) 14 (44)
T4 29 (11) 5 (17) 18 (62)
T Unknown 25 (9) 2 (8) 10 (40)
Nx 154 (57) 14 (9) 32 (21)
N1a 58 (22) 6 (10) 20 (35)
N1b 57 (21) 4 (7) 23 (40)
Mx 120 (45) 7 (6) 32 (27)
M0 132 (49) 7 (5) 28 (21)
M1 17 (6) 10 (59) 15 (88)

Stage
Stage 1 211 (78) 5 (2) 47 (22)
Stage 2 12 (5) 1 (8) 4 (33)
Stage 3 10 (4) 2 (20) 2 (20)
Stage 4a 17 (6) 4 (24) 7 (41)
Stage 4b 13 (5) 11 (85) 12 (92)
Stage unknown 6 (2) 1 (17) 3 (50)

Total 269 (100) 24 (9) 75 (28)

*Percentages of the total 269 cohort; example: 73% of the cohort was <45 years of age.
yPercentages of the subgroup; example: of the 196 patients <45 years of age, 26% recurred and 3% died.
RAI, Radioactive iodine.
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Fig 1. (A) Actual number of recurrences or deaths by decade from the time of cancer diagnosis. (B) The majority of PTC
recurrences and deaths occur within the first 10 years after diagnosis, but 11% of recurrences and 17% of deaths
occurred after 20 years of follow-up. This observation suggests that lifelong surveillance for patients with PTC is neces-
sary to dectect recurrences quickly.
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Most of the patients had their initial operation
[162 (60%)] at the University of Chicago, whereas
the remainder came to the University for further
management after operation. A total of 178 (66%)
of patients had total/near-total thyroidectomies,
83 (31%) had less than total/near-total thyroidec-
tomies, and 8 (3%) had unknown extents of
thyroidectomy. At least one dose of postoperative
RAI was administered to 141 (52%) of patients.

On final pathology, 151 patients (56%) had
FVPTC; the remainder had classic PTC. No other
subtypes of PTC were reported in the original
cohort. After staging the cohort according to the
7th edition of the AJCC Staging Manual, 71 (26%)
patients had T1a tumors, 61 (23%) had T1b
tumors, 51 (19%) had T2 tumors, 32 (12%) had
T3 tumors, and 29 (11%) had T4 tumors. Lymph
node status included 154 (57%) Nx, 58 (22%)
N1a, and 57 (21%) N1b. Seventeen (6%) patients
had metastatic disease, and gross extrathyroidal
invasion was observed in 34 (13%) cases. A total of
211 patients (78%) had Stage 1 disease, 12 (5%)
had Stage 2 disease, 10 (4%) had Stage 3 disease,
17 (6%) had Stage 4A disease, 13 (5%) had Stage
4B disease, and 6 (2%) were stage unknown.

Long-term follow-up. We were able to obtain
additional follow-up information on 204 patients
(76%) of the original University of Chicago
cohort, increasing the median follow-up from 11
years to 27 years. During the additional follow-up
years, six cancers recurred, increasing the total
number of recurrences from 69 (25%) to 75
(28%). The mean time to recurrence increased
from 7.6 years to 8.1 (± 8.4) years (median 4.6
years). A total of 96 patients (36%) died, 24 (9%)
from thyroid cancer, 35 (13%) from other causes,
and 37 (14%) of unknown causes. The mean time
to thyroid cancer death was 9.0 (± 11.0) years
(median 3 years). The overall risk of death from
thyroid cancer increased from 8.2% to 9.0% with
the additional follow-up.

Of the 75 cases of recurrence, 51 (68%) recurred
within the first 10 years, and 16 (21%) recurred
between 10 and 20 years after diagnosis (Fig 1). In
addition, we identified five cases of recurrence
(7%) 20–30 years after diagnosis and three cases
(4%) between 30 and 40 years after diagnosis. Of
the 24 cases of thyroid cancer deaths, 14 (58%)
occurred within the first 10 years, 6 (25%) occurred
between 10–20 years, 1 (4%) occurred between 20–
30 years, and 3 (13%) occurred between 30 and 40
years after the cancer was diagnosed.

Factors influencing recurrence. The complete
Cox analysis on cancer recurrence is in Table II.
On univariate analysis, the only patient character-
istic associated with increased risk of recurrence
was age. We found a trend toward greater recur-
rence rates with increasing age as a continuous var-
iable. This trend is statistically significant when the
cohort is divided into three age groups: <45 years
of age, 45–60 years of age, and >60 years of age,
with a hazard ratio of 3.88 (95% confidence inter-
val 2.0–7.56) for the oldest age group compared
with the youngest age group (Fig 2, A)

Univariate analysis of treatment characteristics
shows that recurrence risk was decreased by total
thyroidectomy (Fig 3, A) but was not decreased by
RAI therapy [hazard ratio 0.82 (95% confidence
interval 0.51–1.34); Fig 3, B]. Patients who had
their first thyroid cancer operation at the Univer-
sity of Chicago also recurred less than those who
had their operation elsewhere, but this could be
a reflection of the extent of surgery (Fig 3, C).

Unfavorable tumor characteristics that increased
the risk of recurrence on univariate analysis
included: FVPTC (Fig 4, A), gross extra-thyroidal



Table II. Hazard ratios for predictors of survival and recurrence of papillary thyroid cancer, including the univariate model and final parsimonious
model

Risk predictor*

Survival analysis Recurrence analysis

Univariate model Final model Univariate model Final model

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value

Age (continuous) 1.1 (1.06–1.13) <.001 1.02 (0.98–1.0) .07
Age, y

45–60 5.44 (1.81–16.35) .003 73.61 (9.01–601.46) <.001 0.91 (0.46–1.8) .78 5.54 (1.98–15.47) .001
>60 29.32 (9.60–89.59) <.001 25.50 (2.76–235.56) .004 3.88 (2.0–7.56) <.001 4.88 (1.55–15.37) .007

Male 1.51 (0.65–3.54) .34 1.29 (0.78–2.13) .33
History of radiation (+) 0.55 (0.22–1.41) .21 0.94 (0.57–1.55) .81
Thyroidectomy, less than total 2.17 (0.9–5.55) .08 2.09 (1.27–3.44) .004
RAI therapy (+)y 1.04 (0.45–2.43) .92 0.82 (0.51–1.34) .43
Papillary-follicular variantz 0.77 (0.34–1.79) .55 1.83 (1.09–3.09) .02 5.93 (2.19–16.05) <.001
Extrathyroidal invasion (+) 3.21 (1.31–7.9) .01 4.32 (2.56–7.28) <.001
Multifocal tumor 1.04 (0.45–2.41) .93 1.16 (0.71–1.89) .55
No. positive nodes

1–5 1.09 (0.38–3.15) .87 1.97 (1.11–3.52) .02
>5 1.42 (0.45–4.46) .55 2.47 (1.31–4.64) .005

Tumor
T1b 0.35 (0.04–3.39) .37 1.42 (0.11–18.75) .79 2.58 (1.05–6.32) .04 4.23 (1.09–16.42) .04
T2 0.97 (0.16–5.82) .98 0.43 (0.03–6.52) .54 2.53 (0.98–6.54) .05 0.36 (0.07–1.87) .23
T3 10.53 (2.92–37.99) <.001 3.11 (0.52–18.44) .22 6.20 (2.5–15.39) <.001 1.57 (0.44–5.6) .49
T4 4.07 (0.97–17.02) .06 6.87 (0.84–55.99) .07 8.74 (3.65–20.97) <.001 5.65 (1.64–19.43) .006

Node
N1a 1.32 (0.5–3.52) .58 16.21 (2.52–104.19) .003 2.10 (1.16–3.79) .01 6.78 (2.15–21.35) .001
N1b 0.87 (0.28–2.7) .81 2.07 (0.51–8.44) .31 2.47 (1.38–4.44) .002 10.82 (3.69–31.76) <.001

Metastasis
M1 19.84 (7.13–55.22) <.001 74.46 (9.25–600.97) <.001 8.64 (4.09–18.27) <.001 58.43 (14.79–230.79) <.001

Stagex
2 5.54 (0.61–50.0) .13 1.37 (0.42–4.4) .6
3 19.96 (3.3–120.91) .001 1.15 (0.28–4.76) .85
4a 21.66 (5.11–91.78) <.001 2.91 (1.3–6.5) .01
4c 200.83 (53.46–754.47) <.001 20.85 (10.09–43.1) <.001

*Reference groups: age <45 y, female, history of radiation exposure (�), thyroidectomy total/subtotal, RAI therapy (�), unifocal tumor, no. positive nodes 0, Stage 1, Node Nx, Metastasis M0.
yRAI therapy.
zPapillary thyroid cancer, follicular variant.
xStage is not included in the final multivariate model because it is a derived factor. The univariate hazard ratios for stage are considered the final model for both recurrence and survival.
CI, Confidence interval; RAI, radioactive iodine.
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Fig 2. Effect of patient risk factors on PTC recurrence and survival. Risk factors intrinsic to the patient included age (A),
sex (B), and previous history of radiation exposure to the head and neck (C). The Kaplan-Meier curves in (A) suggest
that a three age group model is better than a two age group model at predicting death from PTC. The curves in (B)
show that male sex does not increase the risk of recurrence or death. Thyroid cancer as a consequence of radiation
exposure might be less aggressive than traditional PTC (C).
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invasion (Fig 4, B), and having any positive lymph
nodes (Fig 4, D). A direct correlation existed be-
tween the number of positive nodes found and the
risk of recurrence (Fig 4, D). Each of the AJCC
TNM anatomic sites (tumor, node, and metastasis)
showed a direct correlation with recurrence risk
(Fig 5, A–C). In the final combined stage, however,
only stage 4A and 4C tumors showed a significant in-
crease in recurrence risk (Fig 5, D). Sex, history of
radiation exposure, RAI therapy, and multifocality
had no effect on recurrence on univariate analysis
(Fig 2, C; Fig 3, B; and Fig 4, C).

The final Cox model showed that age 45–60,
age >60, FVPTC, T1b and T4 tumors, N1a or N1b
lymphadenopathy, and distant metastases were
each associated with significantly increased rates
of recurrence (see Table II for hazard ratios). The
only risk factor associated with a low risk of recur-
rence was T1a tumors. All other risk factors had a
recurrence rate of at least 20% (Table I).

Factors influencing survival. The complete Cox
analysis on thyroid cancer-specific deaths are in
Table II. Univariate analysis showed that older age
(as a continuous variable and in age groups 45–60
and >60) was associated with increased risk of
cancer-specific death (Fig 2,A). Therewere no other
patient specific characteristics that changed survival.
The only treatment characteristic that improved sur-
vival was having the initial surgery at theUniversity of
Chicago (Fig 3, C). Total thyroidectomy trended to-
ward increased survival [Less than total hazard 2.17
(95% confidence interval 0.9–5.55)].



Fig 3. Effect of treatment on PTC recurrence and survival. Treatment modalities studied were extent of operation (A),
RAI therapy (B), and the hospital at which the first operation was performed (University of Chicago versus other). Total
thyroidectomy (A) improved recurrences and trended toward improved survival. Overall, RAI therapy (B) did not show
any statistical improvement in recurrence or survival. Both RAI curves show a benefit after several years, suggesting that
RAI does improve both recurrence and survival in the long-term. Those patients that had their first operation for PTC at
the University of Chicago had better outcomes than those that did not (C). High-volume centers might have an impact
on overall thyroid cancer outcomes.
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Tumor characteristics that were associated with
increased risk of death on univariate analysis
included gross extrathyroidal extension (Fig 4,
B), T3 tumors (Fig 5, A), and distant metastases
(Fig 5, C). Stage 3, 4a and 4c cancers also were
associated with decreased cancer-specific survival
(Fig 5, D). Several factors had no effect on survival
on univariate analysis, including: gender, history of
radiation exposure, RAI therapy, FVPTC, multifo-
cality, and cervical lymphadenopathy (Fig 2, B
and C; Fig 3, B; Fig 4, A, C, and D; and Fig 5, B).

The final Cox model revealed that patients aged
45–60 years at diagnosis and those greater than 60
years of agehad an increased risk of dying fromPTC.
Those diagnosed between 45 and 60 years of age
were at the greatest risk. Patients with N1a cervical
lymph node metastases and those with distant
metastases were also found to have an increased
risk of dying from PTC. There were deaths in every
risk factor group, including those under age 45 and
T1a tumors. Three patients with T1a tumors died
from thyroid cancer, however these patients had
distant metastasis at the time of presentation.

DISCUSSION

We present here long-term follow-up data on a
thyroid cancer cohort with a median follow-up of
27 years. To our knowledge, this is currently the



Fig 4. Effect of tumor characteristics on PTC recurrence and survival. Tumor characteristics included follicular variant
of PTC (A), gross extra-thyrodial invasion (B), multifocality (C), and the number of nodes found to have cancer (D). In
all cases, negative tumor characteristics had a greater impact on recurrence compared to survival.
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longest follow-up period for PTC survival reported
in the literature. Our longest follow-up was in a
female operated on at 4 years of age for PTC. She
was determined to be alive and well at age 64 years
with no evidence of disease. The greater follow-up
resulted in increased identification of recurrent
disease and death from thyroid cancer. Although
67 of the 75 recurrences (89%) occurred within
the first 20 years after diagnosis, we found an
additional eight recurrences (11% of recurrences)
and four deaths (17%) in the following two
decades (Fig 1). These findings illustrate cancer
recurrence and death can occur several decades af-
ter PTC is diagnosed and that prolonged surveil-
lance is indicated. Our study also indicates that
there are three risk factors that increase the risk
of both recurrence and death, namely age >45,
cervical lymph node involvement, and distant



Fig 5. Effect of staging characteristics on PTC recurrence and survival. Each case was restaged according to the 7th edi-
tion of the AJCC staging manual. Kaplan Meier curves were generated for tumor (A), node (B), and metastasis (C), as
well as for overall stage (D). In general the staging characterstics were better predictors of recurrence than survival. In
particular, tumor (A), and final stage (D), did not correlate in a stepwise fashion as expected. T4 tumors appeared to
have better survival than T3 tumors, and Stage 3 and Stage 4a survival was similar. This could be due to small sample size
in our study, however a closer examination of the survival accuracy of the 7th edition staging manual may be warranted.
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metastasis. No other risk factors were associated
with increased risk of death. The three above risks
factors plus FVPTC and large tumor size were asso-
ciated with recurrence. This study also had several
negative findings of interest. Male sex did not
confer an increased risk of recurrence or death,
and treatment with RAI did not decrease the risk
of recurrence or death. Furthermore, multifocality,
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extrathyroidal extension, and FVPTC also did not
increase the risk of death.

Although the AJCC staging system divides thy-
roid cancer mortality risk between patients that are
< or >45 years of age,13 our data suggest mortality
is better predicted with a three age group model:
<45, 45–60, and >60 (Fig 2, A). The traditional
two age group model is appropriate for predicting
recurrence. Interestingly, we found that patients
who were diagnosed between age 45 and 60 years
of age had a greater relative risk of dying from thy-
roid cancer compared with patients >60 years at
diagnosis. In general, older patients are at greater
risk of death from other causes than their younger
counterparts. We hypothesize that the decreased
risk of PTC death in the oldest age group could
be because as a group these older patients died
from other diseases before they died from thyroid
cancer, effectively lowering the relative risk of thy-
roid cancer death for the group.

We found that total/near total thyroidectomy
decreases the risk of recurrence on univariate but
not multivariate analysis. In addition, total/near-
total thyroidectomy trended toward increased sur-
vival on univariate analysis. Because the cohort was
small, subgroup analysis of thyroidectomy and
tumor size or stage was not possible. A previous,
large population-based study has shown that total
thyroidectomy improves survival and recurrence in
PTC when compared to lobectomy.14 Because lo-
bectomy falls under the umbrella of less than
total/near-total thyroidectomy, this previous study
is consistent with our findings that the extent of
operation (thyroidectomy) may be important in
outcome. Surrogates of completeness of operation,
such as postoperative thyroglobulin measurements
and/or postoperative percent uptake of RAI, were
not available on many patients in the cohort and,
therefore, could not be evaluated.

The benefits of RAI for remnant ablation, espe-
cially in low-risk patients, remain controversial. We
did not find any statistically significant association
between RAI treatment and recurrence or survival.
Our Kaplan-Meier curves, however, suggest that the
benefits of RAI are seen several years after treatment.
Furthermore, we were unable to evaluate the benefits
of RAI according to stage or tumor size due to limited
sample size.On the basis of these data, we believe that
RAI should be used judiciously in patients with
thyroid cancer, especially those with small cancers
confined to the thyroid gland. Given conflicting data
in the literature, the decision to use RAI in those with
cervical metastases should be individualized to
consider all risk factors such as older age, tumor
type, and quality and quantity of lymph nodes.12
Our finding that patients with FVPTC had
greater risk of recurrence compared to PTC is
consistent with some studies,15 whereas other data
suggest that recurrence rates in PTC and FVPTC
are similar.16,17 These conflicting data suggest
that FVPTC is heterogeneous, with molecular vari-
ations likely affecting observed differences in tu-
mor aggressiveness.18 Furthermore, pathologic
criteria for FVPTC have changed since the original
cohort.15 Because we relied on initial pathologic
diagnoses, it is possible that some FVPTCs would
now be reclassified as follicular thyroid cancer,
which may be more aggressive than FVPTC.

The association between cervical lymphadenop-
athy and increased recurrence risk in our cohort is
consistent with several studies in the literature.7,8

We found that patients with N1b lymphadenopathy
were at greater relative risk for recurrence
compared to those with N1a lymphadenopathy.
Because thyroid cancer is thought to metastasize
to central lymph nodes before lateral lymph nodes,
lateral neck disease may be associated with more
aggressive cancer. Surprisingly, N1a but not N1b
lymphadenopathy was associated with decreased
survival, but the wide confidence interval for the
N1bgroup (Table II) suggests great variation among
this group. Differences in the extent of operation
could explain these findings. Some lymphadenecto-
mies were compartmental dissections, and some
were just removal of suspected lymph nodes; it is
possible that these distinctions could influence
outcome.More data would help clarify these results,
and we plan to further evaluate this in the future.
Our data also suggested that the number of affected
lymph nodes (1–5 or >5) was associated with
increased recurrence on univariate analysis. These
findings suggest that the quantity of nodal metasta-
ses may play a role in recurrence risk.

A great deal of thyroid cancer literature focuses
on risk stratification based on staging to prevent
overtreatment, provide optimal surveillance of low-
risk patients, and adequately treat high-risk pa-
tients. Patients in our cohort considered high risk
for recurrence and death based on stage were in
many cases consistent with conventional risk strat-
ification. Nevertheless, it should be noted that
there were outliers. For example, five patients <45
years with Stage 1 disease went on to develop
recurrent disease and die from cancer. These cases
illustrate the heterogeneous nature of PTC and
dispel a ‘‘one-treatment-plan-fits-all’’ model. The
availability of genetic testing and a more thorough
understanding of the genetics of thyroid cancer
may provide guidance as to when presumably low-
risk cancers require more intense treatment.19 We
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expect that genetic evaluation of PTC will someday
prove more accurate for predicting cancer-specific
mortality than our current staging systems.

Although our findings suggest that long-term
surveillance for patients with PTC is necessary, the
most effective method for monitoring remains
unknown. We believe that lesser risk patients who
achieve no evidence of disease status can be
monitored with yearly thyroglobulin measure-
ments and ultrasonography of the neck to avoid
unnecessary radiation exposure. Those with
greater risk of recurrence or those with unreliable
thyroglobulin measurements due to antibody
interference may also need intermittent diagnostic
total body scanning. Further study is needed to
determine the optimal surveillance testing and
schedule.

Our study has limitations in terms of extrapola-
tion to other patients with PTC. First, patients were
not consecutive, and therefore, our cohort may
have a selection bias. Second, because the Univer-
sity of Chicago is a tertiary referral center, patients
referred to our institution may have more
advanced disease than in the community. Third,
our cohort had a high percentage of patients with
radiation exposure. Finally, medical care such as
operative technique, ultrasonography, and thyro-
globulin assays have all improved in recent years;
these modalities may change the natural history of
PTC. Nonetheless, our findings provide insight
into the long-term prognosis of PTC.

In conclusion, our findings demonstrate that
most patients with PTC enjoy prolonged disease-
free survival, but we found that 11% of recurrences
and 17% of deaths occurred after 20 years. Further-
more, 4% of recurrences and 13% of deaths
occurred more than 30 years after the diagnosis of
thyroid cancer. Although most patients fit into
standard risk stratificationmodels, outliers do exist.
Therefore, long-term and possibly lifelong surveil-
lance is necessary and important.
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DISCUSSION

Dr Ian D. Hay (Rochester, MN): In the prediction of
disease-specific mortality, clearly, age and stage were the
important factors. I think this comes as no surprise to
anybody in this audience. I think it’s interesting that
you point out that the risk of death in stage III and IV
is up four or five times more than usual.
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In terms of prediction of recurrence, the follicular
variant of papillary thyroid cancer seems to me to not
quite jive with a lot of literature, and I would like your
comments on that. Is this because these people are
younger and have more neck nodal metastasis?

Could you comment on the peculiarity of the
follicular variant of papillary cancer and verify that the
radioiodine thing is not going to really improve at 45 or
70 years? We now have a study of 3,500 patients followed
for 72 years. I’m not going to do it anymore. The same
story was what we told everybody in 1986, and radio-
iodine, I don’t think, makes a big difference.

Dr Raymon H. Grogan:We also were a little perplexed
by the follicular variant of papillary thyroid cancer find-
ings that we have. I think what we need to do is to have
our pathologists go back and re-review how those were
actually diagnosed as follicular variant of papillary thyroid
cancer to really hone in on these data.

Our original paper tried to show that the radioactive
iodine was effective for greater than T1 tumors. Howev-
er, on our multivariate analysis (in our current study), we
didn’t find this to be an independent predictor of either
improved survival or recurrence. And now we also have
added these longer-term follow-up data to our original
study, so we tend to currently believe the study that we
have here, which shows that with the multivariate
analysis, the radioiodine had no statistically significant
effect. The Kaplan-meier curves do show a radioiodine
effect after 30-40 years, however this did not reach
statistical significance. Unfortunately the study cohort
is not large enough for us to make any definitive
statement about the radioiodine effect at the later
timepoints.
Dr Quan-Yang Duh (San Francisco, CA): One, obvi-
ously this is not consecutive, which means that there is
obviously going to be some selection bias. But the sec-
ond part is that, over 40 years, how we follow these
patients, and what we defined as recurrence must have
changed. The patients that I see in the clinic right now
with a 5-mm lesion that somebody wants to biopsy and
call a recurrence, that patient, 40 years ago, would
have been cured. Therefore, how did you define recur-
rences in this group of patients? Because you could see
a later recurrence if that earlier follow-up was less
sensitive.

Dr Raymon H. Grogan: One of the big limitations of
our study is that it was difficult for us to follow these pa-
tients within our hospital setting within the medical
record, because clearly this was such a long period of
time. Many of these patients had moved all across the
country. We even found patients that were outside of
the country in this study. And I think that, if anything,
we’re underestimating our level of recurrence and
death, because, essentially, when we were able to contact
patients that were not within our university system, all we
really had to go on was whether or not the patient had
been told that they had a recurrence or not. So, in
fact, if these patients were actually looked at with an ul-
trasound or biopsy, we may find that our recurrence rate
may even be higher, although that may not be clinically
significant.

Also, the treatment may have changed over time as
well, which is maybe another bias. Because, again, these
patients were first treated in 1960. And as we all know, as
Dr. Duh pointed out, things have changed since that
time.
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