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Exploring the Relationship Between Patient Age and Cancer-
Specific Survival in Papillary Thyroid Cancer: Rethinking
Current Staging Systems

Mohamed Abdelgadir Adam, Samantha Thomas, Terry Hyslop, Randall P. Scheri, Sanziana A. Roman, and
Julie A. Sosa

Purpose

Patipent age is considered to play a unigue prognostic role in papillary thyroid cancer (PTC), with
a distinct staging dichotomization at 45 years of age. This is based on older, limited data dem-
onstrating a marked rise in mortality around the ages of 40 to 50 years. \We hypothesized that age is
associated with compromised survival from cancer, with no cutoff denoting survival difference.

Patients and Methods

Patients with PTC who had surgery were identified from the SEER database (1998 to 2012).
Multivariable proportional hazards modeling utilizing several flexible smoothing approaches were
used to examine the association between age and cancer-specific survival (CSS) and to determine
whether there is an age cut point that is associated with CSS decrement.

Results

A total of 31,802 patients with PTC were included. Median age was 45 years (range, 2 to 105 years).
Ten-year CSS according to age was as follows: 2 to 19 years, 99.8%; 20 to 29 years, 99.9%; 30 to 39
years, 99.8%; 40 to 49 years, 99.5%; 50 to 59 years, 98.1%; 60 to 69 years, 94.8%; 70 to 79 years,
91.5%; 80 to 89 years, 79.2%; and = 90 years, 73.9%. After adjustment for patient demographic
and clinicopathologic characteristics, increasing age was associated with increasing mortality from
the disease in a dose-dependent fashion, without an apparent cut point. Each of the smoothing
approaches demonstrated a similar linearity of risk over all ages and provided close measures of
goodness of fit to the data.

Conclusion

Patient age is significantly associated with death from PTC in a linear fashion, without an apparent
age cut point demarcating survival difference. These results challenge the appropriateness of
a patient age cut point in current staging systems for PTC and argue for considering a revision in how
we anticipate prognosis for patients with PTC.

J Clin Oncol 34:4415-4420. © 2016 by American Society of Clinical Oncology

pathologic features suggestive of compromised
outcome is important. Older patient age was
identified as a prognostic determinant of cancer-

Thyroid cancer incidence is increasing faster than
any other cancer in the United States, with 64,300
patients expected to be diagnosed in 2016."
The incidence of thyroid cancer is expected to
continue increasing to become the third most
common cancer among women by 2019.> Pap-
illary thyroid cancer (PTC) is the predominant
pathologic variant of thyroid cancer, and it almost
entirely accounts for the increasing incidence of
the disease.’

Although PTC is indolent overall, identifi-
cation of patients with demographic, clinical, and

specific survival (CSS). In fact, differentiated
thyroid cancer is the only human malignancy to
include age as part of the American Joint Com-
mittee on Cancer (AJCC) staging system, with
a distinct cut point at age 45 years. This di-
chotomization was based on data from the mid-
1900s that demonstrated a sharp increase in
thyroid cancer mortality starting around the ages
of 40 to 50 years.*® Since then, the majority of
thyroid cancer staging systems have incorporated
patient age treated as a dichotomous variable into
risk stratification as a formal consideration; these
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include the AJCC’; European Organization for Research and
Treatment of Cancer®; National Thyroid Cancer Treatment Co-
operative Studyg; AGES (age, grade, extent, size)'%; AMES (age,
metastases, extent and size of tumor)''; and MACIS (metastases,
age, completeness of resection, invasion, size).'*"’

The current AJCC staging system for PTC includes a distinct
patient age dichotomization at 45 years, on the basis of which
tumor staging drastically changes. Patients << 45 years can only
have two stages of disease on the basis of absence (stage I) or
presence (stage II) of distant metastases, whereas patients = 45
years can have stage I to V disease on the basis of tumor size, extent
of thyroidal extension, status of cervical lymph nodes, and presence
of distant metastases. Patients < 45 years of age with high-risk
tumor features, such as presence of advanced locoregional disease
and/or distant metastases, are still considered to have either stage I
or II thyroid cancer, whereas they would be upstaged to stage III or
IV disease if they were = 45 years of age.

Despite the wide acceptance of treating patient age as a binary
variable and an important prognostic factor for PTC, the concept
of a patient age cut point recently has become more controversial,
given recognition about the limitations of the initial supporting
evidence, such as small sample size and lack of adjustment for
potential clinical and pathologic confounders.'* Recent studies
have re-examined the potential role of a patient age cut point in
PTC, and their results have been contradictory."*'* For instance, in
a recent single-institution analysis of 1,807 patients with differ-
entiated thyroid cancer, Nixon et al'® demonstrated age 55 years as
a more appropriate cut point. However, in another recent study of
3,664 patients with differentiated thyroid cancer from the same
institution, Ganly et al'® were unable to identify any age cut point
that was associated with survival. Nationwide studies also have
failed to establish consensus about the appropriate treatment of age
in staging for PTC."”"*** A methodologic concern surrounding
prior studies was their assumption that an age cut point actually
exists; however, the resulting models were not compared with one
without this assumption to demonstrate its superior fit to the data.
In addition, in several studies, other concerns included a small
number of events as well as a lack of appropriate control for
multiplicity of hypotheses.'”'®

We sought to explore the relationship between patient age at
diagnosis and CSS in patients with PTC, without any preexisting
assumption or bias. We used biostatistical methodologies to
objectively test whether an age cut point exists, and our plan was
to test for a cut point only if our initial analysis demonstrated the
existence of such a cut point. We hypothesized that patient age
would be linearly associated with compromised survival
from PTC without an age cut point demarcating a survival
differential.

The study cohort was obtained from the SEER 9 database. SEER is a U.S.
population-based cancer registry that is supported by the National Cancer
Institute. This database represents approximately 28% of the population of
the United States, capturing various demographic, clinical, tumor, and
treatment data points from representative geographic regions.

The SEER database was queried for all patients diagnosed with PTC
who underwent thyroidectomy between 1998 and 2012. Patients with PTC
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were identified using the following International Classification of Diseases
for Oncology (3rd edition) codes: 8050/3, 8260/3, 8340/3, 8341/3, 8342/3,
and 8343/3. Patients who underwent removal of less than a thyroid lobe or
had unknown extent of thyroid surgery were excluded. The study was
granted exempt status by our institutional review board.

Demographic variables included patient age at diagnosis (hereafter
denoted as age), gender, race, and year of diagnosis. Tumor characteristics
included tumor size, presence of extrathyroidal extension, and status of
lymph node metastases. Presence of distant metastases was determined
from the variable historic SEER stage. Extent of thyroidectomy was
documented as thyroid lobectomy and total thyroidectomy.”® Data on
receipt of radioactive iodine (RAI) therapy were extracted from the data
set, in addition to follow-up time and CSS8.%¢

Statistical Analyses

Descriptive statistics were computed for patient characteristics.
Unadjusted CSS proportions and 95% Cls were computed using the life-
table method implemented in SAS Proc Lifetest.””*®* A multivariable Cox
proportional hazards regression model with restricted cubic splines (RCS)
was used to examine the functional relationship between patient age and
CSS. RCS provides a flexible model to examine the relationship between
age and the natural logarithm (log) of the hazard ratio (HR) without
prior knowledge of the form of the association, while adjusting for the
effects of covariables. RCS allows for visual determination of the nature
of the relationship between a continuous predictor and the outcome,
while also testing for significance of a nonlinear association. A bootstrap
simulation incorporating the RCS function was conducted to internally
validate the functional association between age and CSS in 1,000 sim-
ulation data sets.”® The following factors were accounted for in this
multivariable model: patient gender, race, tumor size, extrathyroidal
extension, lymph node metastases, distant metastases, extent of surgery,
year of diagnosis, and receipt of RAL. The RCS model also was used to
estimate the HRs and 95% CIs of different ages compared with age
45 years.

RCS applies some conditions to the functional relationship of the
continuous covariable of interest and log HR, such as user-determined
placement of knots and linearity at the tails. To verify that the association
observed was not due to these assumptions, two additional types of
smoothing functions were applied to the functional association of age with
log HR, with adjustment for covariables in the generalized additive model
setting. These approaches were selected to generalize our observations by
removing the consideration of knots and also the assumption of linearity at
the tails. Thin plate splines are knot free and therefore do not rely on knot
numbers or placement, but instead apply a smoothing function on the
basis of the second derivative across the distribution. Adaptive smoothers
are also knot free, but instead allow the smoothing function to vary with
the association. Thus, adaptive smoothers allow for a piece-wise smoothing
process, allowing the smoother to vary over levels of age. Thin plate splines
are low rank, meaning that they require estimation of only a few additional
parameters, but adaptive smoothers require that there are enough data to
approximate the variance. Plots were used to visualize the adjusted as-
sociation of age and log HR after application of each of these smoothing
techniques, and the Akaike information criterion (AIC) was used to
compare model fit.

All P values reported are two-sided, with the significance level set to
.05. Statistical analyses were performed using SAS (version 9.4; SAS In-
stitute, Cary, NC) and the mgcv package in R (version 3.1.0; R Foundation
for Statistical Computing, Vienna, Austria).

A total of 31,802 patients with PTC who underwent surgery were
included. The majority of patients were female (79%), were white
(81%), had intrathyroidal tumors (83%), and underwent total
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thyroidectomy (87%). Information about remaining demographic
and clinical characteristics of the cohort is listed in Table 1. The
median age was 45 years (range, 2 to 105 years).

Median follow-up was 59 months (range, 0 to 179 months).
There were 331 death events related to PTC. In unadjusted analysis,
10-year CSS estimates were inversely associated with increasing
patient age: 99.8% for patients ages 2 to 19 years, 99.9% for patients 20
to 29 years, 99.8% for patients 30 to 39 years, 99.5% for patients 40 to
49 years, 98.1% for patients 50 to 59 years, 94.8% for patients 60 to 69
years, 91.5% for patients 70 to 79 years, 79.2% for patients 80 to 89
years, and 73.9% for patients = 90 years (Table 2).

After adjustment for patient demographic, clinical, and
treatment characteristics, increasing patient age was significantly
associated with increasing mortality (P < .001). The RCS plot
demonstrates a significant linear association between age and
cancer-specific mortality, without an apparent cut point (Fig 1).
The alternative models, using thin-plate splines (Fig 2) and the

Table 1. Demographic, Clinical, and Treatment Characteristics of Patients With
Papillary Thyroid Cancer Who Underwent Surgery in SEER
All Patients (N = 31,802)
Characteristic No. (%)
Median patient age at diagnosis, years (IQR) 45 (35-56)
Female gender 25,043 (79)
Race
White 25,840 (81)
Black 1,811 (6)
Other 3,901 (12)
Year of diagnosis
1998 1,098 (3)
1999 1,175 (4)
2000 1,280 (4)
2001 1,462 (b)
2002 1,627 (5)
2003 1,696 (5)
2004 1,841 (6)
2005 2,015 (6)
2006 2,116 (7)
2007 2,442 (8)
2008 2,642 (8)
2009 2,948 (9)
2010 2,907 (9)
2011 3,208 (10)
2012 3,345 (10)
Median tumor size, cm (IQR) 1.4 (0.7-2.4)
Extrathyroidal extension
No 26,244 (83)
Yes 4,887 (15)
Lymph node metastases
No 24,226 (76)
Yes 7,453 (23)
Tumor stage
Local 20,545 (65)
Regional 10,404 (33)
Distant 737 (2)
Extent of surgery
Thyroid lobectomy 4,018 (13)
Total thyroidectomy 27,784 (87)
Radioactive iodine therapy
No 14,692 (46)
Yes 15,633 (49)
NOTE. Percentages may not add up to 100 because of rounding or missing
values.
Abbreviations: IQR: interquartile range.

WWW.jco.org

Table 2. Ten-Year Cancer-Specific Survival Estimates by Patient Age Group
Age Groups, years Survival Estimate, % 95% Cl Events*

2-19 99.8 98.7 to 100.0 <10
20-29 99.9 99.5 to 100.0 <10
30-39 99.8 99.5 to 99.9 <10
40-49 99.5 99.2 to 99.7 26
50-59 98.1 97.6 to 98.5 75
60-69 94.8 93.4 to 95.8 91
70-79 91.5 89.0 to 93.4 70
80-89 79.2 72.5 to 84.5 50
=90 73.9 50.9 to 87.3 <10
*SEER Data Use Agreement precludes reporting of statistics for small

groups.*°

adaptive splines (Fig 3) demonstrated a similar linear association. A
linear association between the predictor and outcome precludes
the existence of a cut point in this relationship.'®

We then compared the statistical fitness of different age-
survival models with age treated as a continuous variable
or a binary variable (with cut points at 45 years, 50 years, and 55
years). The model that included age as a continuous variable had
the lowest AIC estimate (AIC = 2,953) compared with models that
included age as a binary variable at 45 years (AIC = 3,108), 50 years
(AIC = 3,071), or 55 years (AIC = 3,039). This indicates that
treating age as a continuous versus a binary variable provides
a better fit to the data.

This large study explored the relationship between patient age and
CSS in patients with PTC. In unadjusted analysis, increasing pa-
tient age was associated with progressive compromise in CSS. After
adjustment for patient clinical and treatment characteristics, pa-
tient age remained significantly associated with mortality from
PTC in a linear dose-dependent fashion. There seems to be no
patient age cut point corresponding to a marked decrement in
survival, challenging the appropriateness of a patient age cut point
in current staging systems for PTC.

Although emerging data recently have questioned the ap-
propriateness of the concept of dichotomizing patient age in
PTC,"*">?%! this issue continues to be controversial, given the
inconsistency of published data on the subject.'®'®*° Nixon et al'®
analyzed data for 1807 patients with differentiated thyroid cancer
who underwent surgery at a single institution between 1986 and
2005. Their analysis focused on determining a patient age cut
point associated with a significant change in CSS. With a median
follow-up of 108 months, they reported 28 deaths from thyroid
cancer. The analysis identified age 55 years as a more appropriate
age cut point. The authors recommended that the age cut point
used in the AJCC staging system be changed from 45 years to 55
years to provide more appropriate risk stratification and treat-
ment.'® In another analysis published by the same research
group using the same institutional database, the association
between patient age and survival in differentiated thyroid cancer
was examined using a different statistical methodology. The
study included 3,664 patients with differentiated thyroid cancer

© 2016 by American Society of Clinical Oncology 4417
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Fig 1. Adjusted association between patient age at diagnosis and cancer-
specific survival. The restricted cubic spline plot demonstrates the linear association
between patient age (x-axis) and the adjusted log hazard ratio of death (y-axis).
The blue solid line represents the fitted line of the association between age and
the estimated hazard ratio of survival after adjustment; the two gold dashed lines
represent the 95% Cl. The three blue dots correspond to the location of three
knots used in the model placed at the 10™, 50™, and 90'" percentiles of patient
age. The effects of the following were adjusted for in the model: patient gender,
race, tumor size, extrathyroidal extension, lymph node involvement, distant
metastases, extent of surgery, year of diagnosis, and radioactive iodine treat-
ment. Ln HR, log hazard ratio.

who underwent surgery at the same institution. After a median
follow-up of 54 months, there were 59 death events from thyroid
cancer. The authors found that mortality from differentiated
thyroid cancer increased progressively with advancing patient

-2 ]

-4

Adjusted Log Hazard Ratio (Ln HR)

-6

AT

0 20 40 60 80 100
Patient Age (years)

Fig 2. Adjusted association between patient age at diagnosis and cancer-
specific survival with thin plate splines applied. The blue solid line represents the
fitted line of the association between age and the estimated hazard ratio of survival
after adjustment; the two gold dashed lines represent the 95% CI. The effects
of the following were adjusted for in the model: patient gender, race, tumor size,
extrathyroidal extension, lymph node involvement, distant metastases, extent of
surgery, year of diagnosis, and radioactive iodine treatment. Ln HR, log hazard
ratio.
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age, without a specific age cut point associated with a shift in
survival. They concluded that it is more appropriate to treat
patient age as a continuous variable in differentiated thyroid
cancer.'®

These two studies from the same institution reached two
conflicting conclusions regarding the prognostic role of a patient
age cut point in the arena of differentiated thyroid cancer. Dif-
ferentiated thyroid cancer is an indolent disease, with death from
the disease occurring only in a small minority of patients.
Therefore, a large sample size is needed to adequately examine the
relationship between patient age and survival. The numbers of
thyroid cancer death events in both of these studies were small,
challenging the sufficiency of statistical power. Our study included
a cohort of 31,802 patients with PTC who had a significant long-
term follow-up and an adequate number of death events (n = 331).
This permitted us to adequately analyze this issue in a multivariable
fashion, accounting for confounders.

A number of large studies examined the association between
patient age and survival in differentiated thyroid cancer, but the
conclusions reached in these studies also have been inconsistent. In
a Canadian study of 2,115 patients with differentiated thyroid
cancer, Mazurat et al*” demonstrated that patient age did not
influence survival until the age of 55 years. In a multi-institution
study of 9,484 patients with differentiated thyroid cancer, Nixon
et al'® compared the appropriateness of an age cut point at 45
versus 55 years. They showed that modeling the cut point at 55
versus 45 years seems to better predict survival.** In another study
from SEER, Orosco et al'® examined the association between
patient age and survival in 85,740 patients with differentiated
thyroid cancer (1973 to 2009). They specified different possible age
cut points between the ages of 25 and 55 years, all of which were
significantly associated with survival. The authors concluded that
patient age is associated with survival without an apparent cut
point.”

The heterogeneity of published studies examining the prog-
nostic role of a patient age cut point in differentiated thyroid cancer
is likely related to how patient age was analyzed in each study.
These studies have used different statistical methods for their
analysis, with the majority using conventional multivariable
regression analysis; others have used univariable or other cut
point analyses.'®*° In one case, the conclusion was made based
on 28 death events,'® and in the other case, the appropriate
control for multiplicity of comparisons was not applied. Some of
these studies were designed with the assumption that a binary age
cut point exists,”* thereby forcing the model to identify a cut
point value corresponding to a significant shift in survival be-
tween young and old patients, yet a comparison with the model
without this assumption was not made.'”'®** In our study, we
examined the adjusted association between patient age and
survival using a multivariable regression model incorporating
RCS. The RCS function permitted us to explore the relationship
between patient age and CSS without the need for any pre-
specified assumption about this relationship (ie, presence or
absence of a cut point)." Our analysis objectively demonstrated
that the relationship between patient age and compromised
survival is linear, without any apparent cut point. The results of
this model were then internally validated using simulation
analysis, which confirmed the linear form of this relationship.

JOURNAL OF CLINICAL ONCOLOGY
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Fig 3. Adjusted association between patient age at diagnosis and cancer-
specific survival with adaptive smoothers applied. The blue solid line represents
the fitted line of the association between age and the estimated hazard ratio of
survival after adjustment; the two gold dashed lines represent the 95% ClI. The
effects of the following were adjusted for in the model: patient gender, race,
tumor size, extrathyroidal extension, lymph node involvement, distant metas-
tases, extent of surgery, year of diagnosis, and radioactive iodine treatment. Ln
HR, log hazard ratio.

The linear relationship was also maintained after application of
two alternative types of smoothing techniques, demonstrating
robust results and conclusions.

Our results strongly challenge the appropriateness of the
widely accepted treatment of age as a dichotomous factor in the
staging for PTC. The concept of an age cut point has been
propagated for decades on the basis of data from the mid-1900s,
which demonstrated a sharp rise in mortality from thyroid cancer
among patients older than 45 years.*® However, it is important to
highlight that these studies are old, are based on a small number
of patients, and lacked adjustment for important competing
factors. Therefore, it would seem important to reassess the ac-
curacy of current staging systems for PTC, most of which in-
corporate a patient age cut point of 45 years.””"” In an analysis of
nearly 70,000 patients with PTC, Adam et al*’ examined the
prognostic role of cervical lymph node metastases in patients
< 45 years without distant metastases (stage I). After adjustment,
lymph node metastases were significantly associated with a 32%
increase in risk of death, which is comparable to the effect of
lymph node metastases on survival among patients = 45 years.
This suggests that current staging schema might be understaging
young patients with PTC, which in turn could result in their
undertreatment.

Although we did not find a patient age cut point associated
with a frameshift in the risk of mortality from PTC, our multi-
variable model demonstrated a significant association between
patient age and CSS. The association between increasing patient
age and mortality from thyroid cancer is not entirely clear, but
several hypotheses have been put forth to explain this association,

WWW.jco.org

including several physiopathologic changes associated with older
age, such as decreased avidity and response to RAI therapy, in-
creasing levels of thyroid stimulating hormone, impaired im-
mune response, and a higher frequency of the BRAF (V600E)
mutation.’*”?

There are several limitations to the current study, such as the
potential for coding errors in SEER data. However, the SEER
database uses standardized abstraction and coding methods. The
study is retrospective in nature, with the possibility of selection
bias. Information about tumor recurrence is not captured in SEER;
therefore, it could not be analyzed. Although recurrence is an
important outcome in PTC, CSS has traditionally been used to
develop tumor staging systems. Despite these limitations, the
strengths of our study include the large sample size and adequate
number of cancer-specific death events that permitted us to
conduct multivariable adjustment. Patient age was examined, using
the RCS method, as a continuous variable without prespecification
or assumption about a potential age cut point, allowing us to
evaluate the nature of the association between patient age and CSS
in an objective and transparent fashion, with successful validation
by two other statistical techniques.

This large study provides valuable information regarding the
relationship between patient age and CSS in PTC. Despite the
widely accepted concept that dichotomizing patient age around
a cut point of 45 years is an important prognostic indicator in PTC,
the current study demonstrates that patient age is significantly
associated with an increased risk of disease-specific mortality in
a continuous, linear fashion, without an apparent age cut point
demarcating survival difference. These results challenge the ap-
propriateness of using a patient age cut point in current staging
systems for PTC and suggest that current staging systems well
might understage young patients (< 45 years) with intermediate-
and high-risk tumors. The study findings are timely, because the
AJCC is currently re-evaluating staging schemas for all cancer
diagnoses, including differentiated thyroid cancer. Reconsideration
of the current staging schema may be needed to inform a more
appropriate system for risk stratification to better inform the
management of young patients with PTC.

Disclosures provided by the authors are available with this article at
WWW.jC0.0rg.
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