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Context: Thyroid cancer predominately affects women, carries a worse prognosis in older age, and
may have higher mortality in men. Superimposed on these observations is the fact that most
women have attained menopause by age 55 yr.

Objective: The objective of the study was to determine whether men contribute disproportionately
to papillary thyroid cancer (PTC) mortality or whether menopause affects PTC prognosis.

Design: Gender-specific mortality was normalized using age-matched subjects from the U.S. population.
Multivariate Cox proportional hazard regression models incorporating gender, age, and National Thyroid
Cancer Treatment Cooperative Study Group stage were used to model disease-specific survival (DSS).

Participants and Setting: Patients were followed in a prospective registry.

Main Outcome Measure: The relationships between gender, age, and PTC outcomes were analyzed.

Results: The unadjusted hazard ratio (HR) for DSS for women was 0.40 [confidence interval (CI) 0.24–0.65].
This female advantage diminished when DSS was adjusted for age at diagnosis and stage with a HR en-
compassingunity(HR0.72,CI0.44–1.19).AdditionalmultivariatemodelsofDSSconsideringgender,disease
stage, and various age groupings showed that the DSS for women diagnosed at under 55 yr was improved
over men (HR 0.33, CI 0.13–0.81). However, the HR for DSS increased to become similar to men for women
diagnosed at 55–69 yr (HR 1.01, CI 0.42–2.37) and at 70 yr or greater (HR 1.17, CI 0.48–2.85).

Conclusions: Although the overall outcome of women with PTC is similar to men, subgroup analysis
showed that this composite outcome is composed of two periods with different outcomes. The first
period is a period with better outcomes for women than men when the diagnosis occurs at younger
than 55 yr; the second is a period with similar outcomes for both women and men diagnosed at ages
greater than55yr.Thesedataraise thequestionofwhetheranolderagecutoffwould improvecurrent
staging systems. We hypothesize that older age modifies the effect of gender on outcomes due to
menopause-associated hormonal alterations. (J Clin Endocrinol Metab 97: E878–E887, 2012)
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Despite a higher incidence of differentiated thyroid
cancer (DTC), women may enjoy more favorable

DTC outcomes than men. Overall survival (OS) was re-
ported to be better in women in four DTC cohorts, both
by univariate and multivariate analyses (1–4). One of
these cohorts, however, only showed a gender difference
for patients with papillary thyroid cancer (PTC) (1). OS
was unaffected by gender in other cohorts (5, 6). Disease
specific survival (DSS), examined by both univariate and
multivariate analyses, was observed to favor women in
five cohorts (2, 7–10). Multivariate analyses of two addi-
tional cohort studies could not confirm an effect of gender
on DSS observed in univariate analyses (1, 11). A final
study did not observe gender differences in DSS (12). The
relationship between DTC recurrences and gender has
been examined in seven studies (4, 5, 7–10, 13). Only one
analysis demonstrated less disease recurrence in female
patients (4), with another study noting less recurrence
with univariate analyses only (9). Although the majority of
these studies showed some positive impact of female gen-
der on OS and DSS, a female survival advantage is not a
universal finding, and an impact of gender on recurrences
of DTC appears not to be substantiated (see Supplemental
Table 1, published on The Endocrine Society’s Journals
Online web site at http://jcem.endojournals.org).

Worse outcomes in men could potentially be accounted
for by a more aggressive biological behavior of DTC in
males. Alternatively, a gender-related ascertainment bias
may result if men reach medical attention at an older age
with more advanced disease or if women present earlier
and are screened more thoroughly for disease. For exam-
ple, women use health care services (14) and participate in
screening for diseases such as skin and colorectal cancer
(15–18) more frequently than men. One study supported
the premise of delayed DTC diagnosis in men by showing
that men presented with larger tumors and more lymph
node metastases than women (19). As another potential
contributor to gender differences, women experience a
survival advantage with some conditions, such as cardio-
vascular disease, when they are premenopausal, but lose
that advantage with the onset of menopause (20).

To address the question of whether men come to med-
ical attention for DTC later in the course of their disease,
adjustment of outcomes for age and disease stage is nec-
essary. To consider the possibility of female reproductive
hormones affecting the behavior of DTC, the age of meno-
pause should be considered. Ninety to 95% of women in
the United States have reached menopause by age 55 yr
(21, 22). In addition, because women have lower all-cause
mortality rates and live longer than men (23), mortality
should ideally be normalized to gender-specific OS rates.

We wanted to determine whether there were gender
differences in the OS and DSS of patients with PTC in the
National Thyroid Cancer Treatment Cooperative Study
Group (NTCTCSG) Registry. OS rates were adjusted for
the expected gender-specific OS found in the U.S. popu-
lation to determine whether gender differences in OS in
registry patients and the U.S. population were similar.
Multivariate analyses were performed to determine
whether any gender-based differences in DSS remained
after accounting for gender differences in disease stage and
age at diagnosis. As a surrogate for menopause, age group-
ings incorporating an age cutoff of 55 yr were investigated
to determine the effect on DSS.

Materials and Methods

Patients and data collection
The NTCTCSG has prospectively followed a cohort of DTC

patients since1987.Thedatacollectionandanalysismethodsof the
registry have been described previously (24–27). Patients were reg-
istered on an ongoing basis by the primary investigator at each
institution after the patient’s initial surgery. Data collected included
patient’s age at diagnosis and race/ethnicity divided into the fol-
lowing categories: Caucasian, Black, Asian, Jewish, Hispanic, and
other. Age at menopause was not captured for female patients;
medication history was not recorded for any patient. Participants
received the treatment and follow-up testing that their physician
deemed to be appropriate. Initial therapy included surgery, possible
radioiodine administration, and use of thyroid hormone therapy.
Disease stage at entry was assigned using the previously validated
NTCTCSG staging system (24). Clinical status at entry was classi-
fied as either no residual disease or residual disease with documen-
tation of sites of involvement. Follow-up data, including updated
survival and disease status, mean TSH scores (26, 27), and addi-
tional therapies were prospectively collected for each patient annu-
ally. For patients lost to follow-up, date of death was obtained from
the U.S. Social Security Death Index.

Recorded data were entered into a personal computer-based
clinical data management system (version 2007-2; Medlog, In-
cline Village, NV) at each site and transmitted to a central re-
pository. Approval was obtained from the institutional review
board at each participating institution and was also obtained at
M. D. Anderson Cancer Center (Houston, TX) for maintaining
the central data repository and performing subsequent analysis.
Data for PTC patients collected through October 2006 were
included in this analysis.

Statistical analysis
OS was computed as the time in years from the date of diag-

nosis to death or censoring for each patient. Survival was cen-
sored at the date of last follow-up if death was not observed. To
examine DSS the time to death or censoring was computed in
years since the diagnosis date for each registry patient. Survival
was again censored at the date of last follow-up if disease-specific
death was not observed. Whenever possible, the causes of death
were reviewed and confirmed. For the U.S. population, the time
to death was computed in years using the general life tables of the
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U.S. population (23). The racial distribution for those in this
population who reported one race only was 81.1% white, 12.7%
Black, 3.8% Asian, 0.9% American Indian or Alaska Native,
and 0.2% Hawaiian or Pacific Islander. Each PTC patient was
age matched by gender with a subject from the life tables data-
base. The expected OS for the subjects in the U.S. population
from the age at diagnosis of the matched PTC patients was then
calculated. Essentially, a data set of subjects with the expected
OS found in the U.S. life tables, conditional on the gender and age
at diagnosis of the matched PTC patient, was constructed.

Univariate Cox proportional hazard regression was used to
model the association between gender and either OS or DSS for
the PTC patients and OS for the subjects in the U.S. life tables
data set. Multivariate Cox proportional hazards regression was
used to model the association between gender and OS or DSS
while adjusting for stage and age at diagnosis. With adjustment
for gender, the hazard ratio (HR) for males was 1.0. Analyses
were generated both by modeling gender and stage within each
age group and also by modeling gender and age at diagnosis
within each stage. For these models two different age stratifica-
tions were tested: 1) age younger than 45 yr (the age cutoff used
in most DTC staging systems) and subsequent 15-yr intervals
and 2) age younger than 55 yr [the age at which 90–95% of
women have become menopausal (21, 22)] and subsequent 15-yr
intervals. (Analyses using an additional cutoff of 50 yr and using
10 yr time intervals were also conducted, but the results are not
reported here.)

The Kaplan-Meier product limit method was used to esti-
mate the OS and DSS for each gender for the PTC patients and
to estimate the OS for the subjects in the U.S. life tables data set. The
15-yr survival probability, the 95% confidence interval (CI) for the
15-yr survival, the HR and the 95% CI for the HR were calculated.
Statistical analysis was performed using STATA/SE version 9.2 sta-
tistical software (Stata Corp. LP, College Station, TX).

Results

Cohort description
This analysis included 3,572 patients with a median

follow-up of 3.8 yr for a total of 16,684 person-years of
follow-up. Seventy-three percent of patients were women.
The racial/ethnic breakdown of the patients was 71%
Caucasian, 4% Black, 4% Asian, and 2% Other. Data
were missing for 16%. Figure 1A shows the distribution of

patients by gender using 1) the traditional age cutoff of
younger than 45 yr with three additional age groups, 2) the
menopause-based cutoff of age younger than 55 yr with
two additional age groups, and 3) using disease stage.
Women were significantly more likely than men to present
at younger than either 45 or 55 yr of age compared with
the subsequent 15-yr age groups, with 79% of women
presenting at younger than 55 yr, compared with 70% of
men (left and middle sections of Fig. 1A). Gender had a
significant effect on both age at diagnosis and disease stage
(P � 0.001). Women were more likely to present with
stage I disease and less likely to present with stage III and
IV disease, with 81% of women presenting with stage I-II
disease, compared with 63% of men (right section of Fig.
1A). Within each advancing disease stage, there was a
significantly older mean age for both male and female
patients (P � 0.01).

Figure1Bshowsthenumberofdeathsanddisease-specific
deaths broken down by gender. PTC-related deaths ac-
counted for37%(30of82)ofall deaths inmenand40%(34
of 86) of deaths in women. Men accounted for a greater
percentageofdeaths fromanycauseanddeaths fromthyroid
cancer within our registry cohort. The subgroup of patients
in the 45- to 54-yr-old age group were comprised of 445
patients (57.5%) with stage I and II disease, 294 patients
(38%) with stage III disease, and 35 patients (4.5%) with
stage IV disease. The number of deaths within these stages
were two, eight, and seven, respectively.

Eighty-nine percent of women and 90% of men under-
went a total thyroidectomy. Seventy-four percent of
women and 80% of men received radioiodine therapy.
The distribution of mean TSH scores (26, 27) for males
was 34% with a TSH score of 1 (undetectable to subnor-
mal); 53% with a TSH score of 2 (subnormal to normal);
and 13% with a TSH score of 3 (normal to elevated). The
distribution of mean TSH scores for females was 34%
with a TSH score of 1; 55% with a TSH score of 2; and
11% with a TSH score of 3. The use of total thyroidec-
tomy, radioiodine therapy, and TSH suppression was not
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FIG. 1. A, Distribution of NTCTCSG registry patients by age and disease stage at diagnosis. NTCTCSG stage was not available for three men and
one woman. P � 0.001 for gender differences in distribution of age groups and stages (Kruskal-Wallis test). B, Number (shown on left) and
percentage (shown on right) of deaths and thyroid cancer deaths in NTCTCSG registry patients. Total number of patients was 3572, number of
females was 2619, and number of males was 953.
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significantly different according to gender. There were no
gender differences in the median duration of follow-up,
which was 3.9 yr for women vs. 3.7 yr for men (Wilcoxon
test, P � 0.19). In addition, the gender composition of the
cohort that was lost to follow-up was not different from
the gender composition of the cohort analyzed (76% of
women, 24% of men for the lost to follow-up cohort vs.
73% women and 27% for the overall cohort).

Overall survival by gender
Kaplan-Meier estimates of OS and DSS from diagnosis

for PTC patients and OS for the age- and gender-matched
U.S. population are illustrated in Fig. 2A–C. In both gen-
ders, survival in PTC patients was worse than in the
matched U.S. population (Fig. 2A). The DSS for PTC pa-
tients overlaps with the OS of the U.S. population for each
gender (Fig. 2B). The gender difference in DSS seen in PTC
patients mirrors the gender difference in OS for the U.S.
population, with greater survival of females in both cases
(Fig. 2C). DSS appears to plateau after 10 yr in both gen-
ders, although fewer patients contributed to the data as the
duration of follow-up lengthened.

Fifteen-year OS probabilities and HRs for the U.S. pop-
ulation and PTC patients are shown in Table 1. The anal-
ysis of the OS of the U.S. population subjects showed that
females were at less risk of dying than males (HR 0.55, CI
0.51–0.59, P � 0.001). In univariate analysis, women
with PTC were at less risk of dying than men with PTC
(HR 0.36, CI 0.26–0.48, P � 0.001) and also at less risk
of dying compared with men than their U.S. population
counterparts. In multivariate analyses incorporating age
at diagnosis and stage, women with PTC still had an OS
that remained better than men with PTC, but their OS with
respect to men was now similar to the women in the U.S.
population (HR 0.56, CI 0.41–0.77, P � 0.001).

Disease-specific survival by gender
Fifteen-year DSS probabilities and HRs are also shown

for PTC patients in Table 1. Univariate analyses suggested
that female patients were at significantly less risk of dying
from PTC than male patients (HR 0.40, CI 0.24–0.65,
P � 0.001), likely reflecting that 79% of women presented
at younger than 55 yr, compared with 70% of men, and
81% of women presented with stage I-II disease, com-

FIG. 2. A, Overall survival of United States population compared with overall survival of thyroid cancer registry patients, with survival displayed
separately for males (left panel) and females (right panel). B, Overall survival of United States population compared with disease-specific survival of
thyroid cancer registry patients, with survival displayed separately for males (left panel) and females (right panel). C, Disease-specific survival of
thyroid cancer registry patients by gender (left panel) and overall survival of United States population by gender (right panel). [Source for U.S.
population is United States life tables, 2003 (23).]
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pared with 63% of men. Because of gender differences in
stage and age at diagnosis (see Fig. 1A), these factors were
included in two models to determine whether the observed
gender differences in DSS could be explained by differ-
ences in stage and age at diagnosis. Gender was no longer
significant in either of these models. In a model of DSS for
the PTC patients using age as a continuous variable, there
were significant differences in stage and age but not in
gender (P � 0.001, P � 0.001, and P � 0.203, respec-
tively). In a model of DSS for PTC patients using age
grouped as a categorical variable, there were significant
differences in stage (P � 0.001) and age (P � 0.012) but
not gender (P � 0.142). Consequently, with a multivariate
model incorporating gender, age at diagnosis, and disease
stage, female patients no longer had a survival advantage
over their male counterparts (HR 0.73, CI 0.44–1.20, P �

0.215) (see Table 1). In addition, their HR was less favor-
able to women than any of the HRs for OS.

Comparison of HR for DSS using two different age
cutoffs

Additional analyses (Table 2) examined the effect of gen-
der and adjusted for stage within each age group using the
two different initial age cutoffs of less than 45 and 55 yr
(reflecting the usual age cutoff used in staging systems and a
surrogate for age of completion of menopause, respectively).
Whenthe initialagecutoffwas less than45yr, thedifferences
in risk of death from disease between genders changed with
age (HR 0.39 for � 45 yr, HR 0.55 for 45–59 yr, HR 0.73
for 60–74 yr, and HR 1.19 for � 75 yr).

When the initial age cutoff was less than 55 yr, the
differences in risk of thyroid cancer death between genders
also changed with age (HR 0.33 for � 55 yr, HR 1.01 for
55–69 yr, and HR 1.17 for � 70 yr). A pronounced
step-up in risk of female death from thyroid cancer after
age 55 yr was observed (see Fig. 3). Before age 55 yr,
females were at significantly less risk of dying from thyroid
cancer than males (HR 0.33, 95% CI 0.13–0.81, P �
0.016), but the risk was similar for both genders after age
55 yr. In fact, the younger age group retained the signif-
icant female advantage that was already shown for OS.
Thus, gender differences favoring the OS of women were
present in the U.S. population and the registry population,
but gender differences favoring the DSS of registry women
were present only in multivariate analyses in the age group
of less than 55 yr.

Additional analyses conducted using 10-yr intervals in-
stead of 15-yr intervals and also using a 50-yr cutoff
showed similar age-related trends. These analyses sug-
gested that the step-up in female risk was between the 45-
to 54-yr and 55- to 64-yr intervals.

Comparison of HR using a 55-year cutoff within
stage

Table 3 shows the result of modeling gender and ad-
justing for age with an initial age cutoff of younger than 55
yr within each stage. For all stages together, there was a
survival advantage for women with a HR of 0.48. Within
the low-risk group of stage I and II patients, there was a
survival advantage for women with a HR of 0.10. Thus,
women have a significantly lower risk of dying from stage

TABLE 1. Cox proportional hazards regression for OS and DSS, with P value for gender differences shown

Population Patients, n Deaths, n
15-yr

survival (%)
95% CI for

15-yr survival HR 95% CI for HR P value
OS U.S. life tables

Males 953 90 0.88–0.92 1.00
Females 2619 95 0.95–0.96 0.55 0.51–0.59 �0.001

OS registry population/
univariate

Males 953 82 71 0.61–0.79 1.00
Females 2619 86 88 0.84–0.91 0.36 0.26–0.48 �0.001

OS registry population/
multivariate

Males 953 82 71 0.61–0.79 1.00
Females 2619 86 88 0.84–0.91 0.56 0.41–0.77 �0.001

DSS registry population/
univariate

Males 953 30 91 0.86–0.94 1.00
Females 2619 34 96 0.93–0.98 0.40 0.24–0.65 �0.001

DSS registry population/
multivariate

Males 953 30 91 0.86–0.94 1.00
Females 2619 34 96 0.93–0.98 0.73 0.44–1.20 0.215

Association between gender and survival was adjusted for stage and age at diagnosis.
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I and II thyroid cancer than do men. However, within
more advanced disease stages, the confidence intervals for
the HR include unity, and women have the same risk of
death from thyroid cancer as men. The specific age and
gender characteristics of patients with either stage I or

stage II disease who died of their thyroid cancer are shown
in Table 4.

Discussion

With a cohort typical of other studies of PTC (1, 2, 8, 9,
11, 19), our analyses identify three new observations
about gender differences in PTC. First, we conclude that a
gender advantage in survival for women with PTC reflects
a generalized gender advantage seen in the U.S. popula-
tion. Second, we note that once women have been diag-
nosed with PTC, their outcomes are similar to men, after
adjustment has been made for their presenting disease
stage and age. And third, we find that, although with ad-
justments for stage women as a group fare similarly to
men, women with stage I and II disease have better out-
comes than men when comparing individuals diagnosed
before age 55 yr.

Women with PTC initially appeared to have better OS
when compared with men. However evaluation of a
matched control population showed that mortality rates

TABLE 2. Multivariate Cox proportional hazards regression for the effect of gender on disease-specific survival using
two different initial age cutoffs while adjusting for stage within each age group, with P value for gender differences
shown

Population Patients, n Deaths, n
15-yr

survival (%)
95% CI for

15-yr survival HR 95% CI for HR P value
All ages

Males 953 30 91 0.86–0.94 1.00
Females 2619 34 96 0.93–0.98 0.73 0.44–1.20 0.215

Initial age cutoff of �45 yr
Age group �45 yr

Males 437 2 99 0.96–1.00 1.00
Females 1507 2 100 0.98–1.00 0.39 0.05–2.88 0.356

Age group 45–59 yr
Males 320 13 87 0.75–0.93 1.00
Females 731 11 91 0.81–0.96 0.55 0.24–1.26 0.159

Age group 60–74 yr
Males 156 10 81 0.64–0.90 1.00
Females 293 12 93 0.88–0.96 0.73 0.31–1.70 0.466

Age group �75 yra

Males 40 5 65 0.27–0.86 1.00
Females 88 9 85 0.72–0.92 1.19 0.38–3.66 0.767

Initial age cutoff of �55 yr
Age group �55 yr

Males 663 13 94 0.89–0.97 1.00
Females 2055 8 98 0.94–0.99 0.33 0.13–0.81 0.016

Age group 55–69 yr
Males 214 9 87 0.75–0.94 1.00
Females 416 13 91 0.78–0.96 1.01 0.42–2.37 0.983

Age group �70 yra

Males 76 8 67 0.38–0.85 1.00
Females 148 13 85 0.75–0.91 1.17 0.48–2.85 0.737

Initial age cutoff of less than 45 yr shows the usual staging age cutoff of less than 45 yr; the initial age cutoff of less than 55 yr shows a cutoff of less than 55 yr
based on menopause. Patients younger than either 45 or 55 yr were combined as a group because there were very few deaths in these age groups. HR � 1.0
for stage I and II.
a Survival probability and 95% CI were based on 10 yr, rather than 15 yr.
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FIG. 3. HR (shown as black squares) and 95% CI for HR (shown as top
and bottom of rectangle) for DSS for females compared with males. *,
P value for gender difference � 0.016.
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in the U.S. population were also lower for women than
their male counterparts. Without these values, it could be
erroneously concluded that women with PTC have a bet-
ter OS than men with PTC, when in fact their survival
advantage simply mirrors their gender advantage docu-
mented in the U.S. population (see Fig. 2C).

Examining gender differences in DSS, univariate anal-
yses suggested that women had better DSS than men.
However, in multivariate analyses including both age and
disease stage, women did not have better DSS than men
but actually lost their gender advantage so that their DSS
was not different than the DSS of men (see Table 1). The
impression that women with DTC have better outcomes
than men is likely accounted for by their being diagnosed
with DTC at a lesser stage and younger age than men,
confirming what Machens et al. (19) termed a gender
divide.

Perhaps the most fascinating aspect of this analysis is
the impact of an age cutoff of 55 yr, corresponding to the
age at which most women have attained menopause (21,
22). Women diagnosed at younger than 55 yr had a better
DSS than men, whereas women diagnosed at older ages
had a DSS indistinguishable from men. This age subdivi-
sion resulted in a clear step-up in risk for women in older
age groups (see Fig. 3). It is possible that PTC cases that

come to attention in an estrogen-deficient environment
have a worse prognosis than those diagnosed when the
patient is exposed to female hormones or, conversely, that
PTC diagnosed in the presence of female hormones has a
better prognosis. This altered prognosis for women at
around the age of menopause was previously described in
a small group of 631 DTC patients (28). We hypothesize
that the better DSS of women with stage I and II disease
compared with men (see Table 3) is due to the intimate
relationship between stage and age, which probably re-
sulted in more of these low-risk women also being under
the age 55 yr.

Rigorous statistical analyses are indicated to ensure
that claims of gender differences or menopausal influences
are not spurious (29). Limitations of our study include our
restricted data capture. Confounding factors associated
with gender, such as body mass index (30), smoking (31),
alcohol consumption, use of health care (14), educational
level, marital status, and income (32), should ideally be
considered in any study of gender-based differences. For
example, it is possible that the observed lower disease
stage at diagnosis and more favorable DSS in women aged
55 yr or younger could be attributable to their well-de-
scribed greater use of health care resources and contact
with health care providers (14). An optimized understand-

TABLE 3. Multivariate Cox proportional hazards regression for the effect of gender on disease-specific survival using
an initial age cutoff of 55 yr within each stage while adjusting for age, with P value for gender difference shown

Population Patients, n Deaths, n
15-yr

survival (%)
95% CI for

15-yr survival HR 95% CI for HR P value
All stages

Males 953 30 91 0.86–0.94 1.00
Females 2619 34 96 0.93–0.98 0.48 0.29–0.79 0.004

Stages I and II
Males 603 5 98 0.94–0.99 1.00
Females 2125 2 100 0.99–1.00 0.10 0.02–0.51 0.006

Stage III
Males 296 10 86 0.73–0.93 1.00
Females 428 16 87 0.75–0.94 0.95 0.43–2.11 0.908

Stage IV
Males 51 15 50 0.26–0.70 1.00
Females 65 16 62 0.44–0.76 0.84 0.41–1.71 0.632

Stages I and II patients were combined into one low-risk group because they accounted for very few deaths. HR � 1.0 for �55 yr.

TABLE 4. Characteristics of the seven patients with stage I or II disease who died of thyroid cancer

Patient Stage Age (yr) Gender Tumor size (cm) Tumor features* Survival (yr)
1 II 32 M �4 Multifocal, ETE, CN 1.5
2 II 44 M 1–4 Multifocal, ETE 4.7
3 II 51 M 1–4 8.2
4 II 53 M 1–4 Multifocal 3.3
5 II 62 M 1–4 6.9
6 I 78 F �1 1.9
7 II 82 F 1–4 3.5

All tumors were papillary or mixed papillary and follicular, with no unusual variants. M, Male; F, female; ETE, extrathyroidal extension; CN, cervical
nodes involved.
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ing of hormonal influences requires documentation of
menstrual history, age of menopause, parity, and use of
estrogen-containing medications. However, to maintain a
manageable data collection process, the NTCTCSG does
not collect such information. Moreover, the hypothesis
that the premenopausal period is associated with protec-
tion from cancer growth and spread would need to be
tested in a prospective study in which age of menopause
was actually documented.

Literature examining the impact of estrogen on thyroid
cancer is inconsistent and partly based on epidemiological
studies or anecdotal reports. Numerous studies report
conflicting relationships between estrogen status and both
incidence and aggressiveness of DTC, including during the
estrogen-rich environment of pregnancy (33–48). Data
regarding thyroid cancer behavior after menopause are
also conflicting. The incidence of thyroid cancer decreases
after the age of menopause (23, 47), but there may be a
higher risk of thyroid cancer associated with artificial
menopause (34, 49) or surgical menopause (33). It has also
been suggested that DTC recurrence may be more likely to
occur after menopause (50).

Thus, some literature suggests that estrogen presence is
associated with an increased incidence of DTC. However,
our current data are consistent with the hypothesis that
there is more indolent behavior of DTC when it is diag-
nosed during a time of estrogen exposure. To incorporate
both of these observations, one could postulate that es-
trogen is associated with induction or growth of DTC but
is also associated with a more treatable, and possibly more
differentiated, cancer. This could be analogous to the ob-
servation that breast carcinoma is more frequent in
women taking hormone replacement but is associated
with longer survival than breast cancer arising in women
not taking hormone replacement (51). Thyroid carcinoma
cells have both estrogen-� and estrogen-� receptors, af-
fecting both proliferation and apoptosis (39, 52–57). Pos-
sibly different balances between estrogen receptors may
explain both the increased incidence of DTC in premeno-
pausal women and the worse prognosis of DTC in meno-
pausal women.

Older age is known to adversely affect thyroid cancer
prognosis (2, 5, 10, 13, 58, 59), and prior studies have
implicated diverse age cutoffs as prognostic factors (see
Supplemental Table 2). Several staging systems reflect the
worsening prognosis of DTC in older patients by advanc-
ing disease stage for patients 45 yr old or older (24, 60).
However, one staging system advances stage above the age
of 40 yr (61). Based on our data, the effect of age appears
to be modified according to gender. Both sexes may have
gradually worsening prognosis with age, but superim-
posed on this may be an additional step-up in female risk

at an age approximately within the mid-50s. An increased
risk of death from thyroid cancer in women older than 55
yr old compared with younger women was reported in an
analysis of a European cancer registry (3). Such a dramatic
increase in risk at a specific age was not seen for any other
malignancies examined. The predictive value of staging
systems with an age cutoff may primarily reflect the be-
havior of DTC in women, who account for the majority of
DTC cases. One staging system does use a gender-specific
age cutoff: the AMES system uses a cutoff of 41 yr for men,
compared with 51 yr in women (28, 62). Another staging
system also considers gender as a prognostic factor (58).
Use of a staging system that incorporates different cutoffs
based on gender is biologically plausible but may be more
cumbersome to use. It is possible that an age cutoff of 55
yr may be sufficiently predictive for both genders and that
a uniform age cutoff would facilitate use of the staging
system. Analyses are being planned to restage our
NTCTCSG cohort to test this hypothesis and assess the
impact of various age cutoffs on product-limit survival.
We hope to then validate this revised staging system using
an external, independent database.

In summary, although the overall outcome of women
with PTC is similar to that of men, this composite outcome
is composed of two periods with different outcomes. The
first is a period with better outcomes for women than men
diagnosed at ages younger than 55 yr, whereas the second
is a period with similar outcomes for both women and men
diagnosed at ages older than 55 yr. The age group with the
most favorable outcome also corresponds to the age group
with the highest incidence of thyroid cancer. It is possible
that incorporating an age cutoff of 55 yr may refine the
performance of some DTC staging systems, and we plan to
test this hypothesis in a future analysis.
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