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Abstract

BACKGROUND—Survival rates are commonly used to measure success in treating cancer, but
can be misleading. Modern diagnostic practices can lead to the appearance of improving cancer
survival, as tumors are diagnosed earlier (lead-time bias) or as an increasing proportion are slow-
growing (length bias), whereas the actual burden of cancer deaths is unchanged. Increasingly,
more subclinical thyroid cancers are being diagnosed. The objective of the current study was to
determine whether thyroid cancer survival rates have been affected by this phenomenon.

METHODS—The authors analyzed survival data from patients with thyroid cancer who were
treated at Memorial Sloan Kettering Cancer Center (MSKCC) from 1950 to 2005, and United
States population-based incidence, prevalence, and survival data from 1973 to 2009 in the
Surveillance, Epidemiology, and End Results data set.

RESULTS—US thyroid cancer incidence has increased 3-fold from 1975 to 2009. Over time,
the proportion of thyroid cancers that are subcentimeter in size has increased from 23% (1983) to
36% (2009). At MSKCC, this percentage rose from 20% (1950) to 35% (2005). The incidence
rates of large tumors (>6 cm) and distant metastasis have not changed. In the United States, 10-
year relative survival improved from 95.4% to 98.6% (1983-1999). At MSKCC, 10-year disease-
specific survival improved from 91.1% to 96.1% (1950-2005). However, when stratified by tumor
size and stage, no changes in survival outcomes were observed. US thyroid cancer mortality rates
have remained stable (1975-2009).
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CONCLUSIONS—Modern medical practices increasingly uncover small, asymptomatic
thyroid cancers. Survival rates appear improved, but this finding is spurious, attributable instead to
shifts in the characteristics of disease being diagnosed. Relying on survival rates to measure
success in treating thyroid cancer may reinforce inappropriately aggressive management.
Treatment decisions in thyroid cancer should be made based on mortality, not survival data.

thyroid cancer; thyroid cancer mortality; survival; incidence; overdiagnosis; overtreatment

INTRODUCTION

Cancers demonstrate a diversity of behavior, encompassing a spectrum of risk that ranges
from indolent tumors that cause no harm during a patient’s lifetime to more aggressive
subtypes that inflict considerable morbidity and death.: Papillary thyroid cancer (PTC) is
generally an indolent cancer type, and has experienced a disproportionate escalation in
incidence corresponding to the wider use of advanced medical imaging.

Modern medical practices have resulted in the heightened detection of subclinical disease,
increasing the representation of low-risk patients in the cohort of diagnosed patients. This
may lead to the appearance of improved survival outcomes. Such a phenomenon may be
operant in thyroid cancer. Over the past 3 decades, thyroid cancer incidence has increased
dramatically, but the natural history of the disease has not necessarily changed, a
phenomenon that has been called an epidemic in diagnosis rather than an epidemic in
disease. We hypothesized that the increasing diagnosis of subclinical thyroid cancers has led
to an increasing proportion of small, localized tumors, and that this shift is associated with
the appearance of improving thyroid cancer survival. In this study, we investigated the
changes in presentation and survival statistics in thyroid cancer in 2 independent data sets: a
large United States (US) cancer registry and a large institutional database.

MATERIALS AND METHODS

Data Sources

We analyzed trends in presentation and survival among patients diagnosed with thyroid
cancer at Memorial Sloan Kettering Cancer Center (MSKCC) in New York City and
nationally. MSKCC data between 1950 and 2005 were obtained from the Head and Neck
Service comprehensive thyroid cancer database, a prospectively maintained registry of 2295
patients treated for thyroid cancer at MSKCC during this period. US data were obtained
from the Surveillance, Epidemiology, and End Results (SEER) cancer registry, a National
Cancer Institute program collecting cancer incidence, presentation, pathology, treatment, and
survival data dating back to 1973. It has expanded over time and now collects population-
level data on all newly diagnosed cancers within a representative population comprising
28% of the US population. SEER data were analyzed using SEER*Stat, and US prevalence
data were estimated using the National Cancer Institute’s ComPrev and Proj-Prev tools.
Incidence, mortality, and relative survival data were available only from SEER because it is
a population-based registry. In both data sets, we examined all histologies of thyroid cancer,
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as well as PTC. Use of deidentified MSKCC patient data was reviewed and deemed exempt
by the Institutional Review Board. SEER data do not require Institutional Review Board
approval; a data use agreement was signed.

Statistical Analysis

US incidence and mortality rates in SEER for patients diagnosed with thyroid cancer
between 1975 and 2009 were calculated per 100,000 population and age-adjusted to the
2000 US standard population. Confidence intervals were calculated using methods described
by Tiwari et al. We estimated the probability that a newly diagnosed thyroid cancer in the
United States is lethal by using the mortality:incidence index, defined as the ratio of annual
deaths to annual diagnoses.” Relative survival as defined by SEER is a net survival measure
representing cancer survival in the absence of other causes of death, and is defined as the
ratio of the proportion of observed survivors in a cohort of patients with cancer to the
proportion of expected survivors in a comparable set of cancer-free individuals. Ten-year
relative survival was modeled from data between 1975 and 1999 to ensure minimum 10-year
follow-up. Tumor size and lymph node status were modeled using data since 1983, the time
when these data began to be recorded in SEER. In the MSKCC data, disease-specific
survival was analyzed and defined as the proportion of patients who had not died of thyroid
cancer or thyroid cancer-related therapy. Trends in incidence and mortality were modeled
and tested for significance with Poisson regression using the GENLIN (generalized linear
models) function in SPSS statistical software (version 22.0; IBM Corporation, Armonk NY).
In these models, the response variable is the rate or count, and the explanatory variable is the
time period. The deviance statistic was used to confirm goodness of fit for all models.:

RESULTS

From 1975 to 2009, the age-adjusted incidence of thyroid cancer in the United States
increased 3-fold, from 4.9 to 14.8 per 100,000 persons. Nearly all (92%) of this increased
incidence is attributable to changes in the incidence of PTC, which has increased 3.7-fold,
from 3.4 to 12.5 per 100,000 persons. During this time, the mortality rate (ie, the number of
persons dying of thyroid cancer) has remained unchanged. The median mortality from
thyroid cancer in the United States during this time has been stable, hovering around 0.47
(range, 0.43-0.57) per 100,000 persons, with a nonsignificant annual percentage change of
-0.2% (95% confidence interval, =0.7 to 0.2; P=.32) (Fig. 1).

As the number of thyroid cancer diagnoses has escalated, the clinical risk of the average
diagnosed case has diminished. A larger proportion of cases are small tumors with negative
lymph nodes. Since 1983, the first year for which SEER tumor size and stage data are
available, the proportion of patients presenting without lymph node metastases (NO) has
increased from 66% to 73% (/<.001). The proportion of patients presenting with lymph
node metastases (N+) has declined steadily from 30% to 23% (/<.001) and the proportion of
patients with distant metastases has declined from 3.7% to 3.1% (P =.01).

At the same time, a rising proportion of cases are small tumors. Between 1983 and 2009, the
proportion of newly diagnosed thyroid cancers measuring <5 mm in size has increased from
15% to 22% (P<.001) and the proportion of tumors measuring <1.0 cm in size has increased
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from 23% to 36% (/~<.001). These trends have been balanced with declines in the proportion
of cases that are large tumors. Cancers measuring 1.1 cm to 4.0 cm have declined from 65%
to 55% (~<.001), cancers measuring 4.1 cm to 6.0 cm have declined from 12% to 7% (<.
001), and cancers measuring > 6.0 cm have declined from 4% to 2% (/<.001) (Fig. 2). Both
nationally and at MSKCC, thyroid microcarcinomas (cancers measuring <1.0 cm) have been
the group with the most rapidly rising incidence. At MSKCC, the percentage of thyroid
cancers that are microcarcinomas has steadily increased from 20.3% to 34.6% from 1950 to
2005 (Fig. 3).

During this time period, the probability that a newly diagnosed thyroid cancer in the United
States will be lethal has substantially decreased. Between 1983 and 2009, the thyroid cancer
mortality:incidence index decreased by 68%, from 0.11 to 0.037. From 1995 to 2008 (for
which SEER 20-year prevalence data are available), the absolute prevalence increased from
141,666 to 294,673, whereas the annual absolute mortality changed from 1122 to 1649, such
that the mortality:prevalence index (the ratio of annual deaths to all diagnosed persons in the
population) decreased by 38%, from 0.008 to 0.005 (Fig. 4). Rising thyroid cancer incidence
and prevalence, in the context of stable mortality rates, reduces the probability that a newly
diagnosed thyroid cancer will be lethal, and therefore would be expected to be associated
with increasing survival probabilities.

We then evaluated trends in survival over time, both nationally in SEER data and at
MSKCC. For all cases, survival has appeared to increase steadily over time in both settings.
In the SEER data, 10-year relative survival with thyroid cancer among patients diagnosed
between the years 1983 and 1999 has increased from 95.4% to 98.6% (£ =.002) (Fig. 5a).
At MSKCC, 10-year disease-specific survival for patients diagnosed between 1950 and 2005
has increased from 91.1% to 96.1% (P = .06) (Fig. 5b). We then stratified survival by tumor
size (1.0 cm, 1.1-3.9 cm, and =4.0 cm). In both SEER and MSKCC data, survival within
each size category has not significantly changed, although there has been a nonsignificant
increase in survival in the microcarcinoma subcategory (SEER cohort: P=.54; MSKCC
cohort: P=.32) (Figs. 5¢ and 5d).

Similarly, survival stratified by extent of disease (either lymph node or distant metastasis
status) demonstrated no change within subcategories (SEER data are shown in Fig. 5e;
MSKCC data were unavailable). These data show that improved survival has occurred in
concert with shifts in size and stage at presentation, but that survival within individual tumor
size or stage subcategories has not changed. Data from regression models are detailed in
Table 1.

DISCUSSION

Here, we have illustrated the escalating detection of thyroid malignancies in the United
States, in both a national registry as well as at a thyroid cancer referral center. We found that
an increasing share of new diagnoses are coming from small localized disease, mostly
microcarcinomas. Cadaver studies have shown that a high percentage of persons harbor
occult small papillary cancers in their thyroid glands that never cause symptoms or harm,
and these cancers represent a subclinical reservoir from which the increased incidence is
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most likely drawn. We also demonstrated that the perceived improvements in thyroid cancer
survival over decades are most likely driven by the growing share of thyroid cancers that are
microcarcinomas (Fig. 3). Increased identification of cancers with favorable biology
engenders more favorable outcomes. This increased detection has taken place while the
absolute numbers of large tumors and the absolute number of deaths (mortality rate) have
not decreased (Figs. 1 and 2), making it unlikely that we have been simply catching
advanced-stage tumors at an earlier stage.

The sizable shift in the spectrum of diagnosed thyroid cancers has occurred at the same time
as the appearance of improving survival with thyroid cancer, both at our institution and
nationwide. It is unlikely that this improvement in survival is attributable to improved
therapy for thyroid cancer, as some have suggested,” or to a change in the characteristics of
the disease itself. More likely, it is a spurious finding explained by a shift in the composition
of the disease being diagnosed. We conclude this for 2 reasons. First, improved national
survival rates have not been matched by any significant change in national mortality rates
(the absolute number of persons dying annually of thyroid cancer). Second, the observed
improvement in survival disappears when tumors are stratified by tumor size or metastatic
status.

The misleading appearance of improving survival outcomes can lead clinicians to
overestimate the benefits of therapy. Black and Welch have described the cycle of escalating
intervention that results when diagnostic practices (eg, widespread use of thyroid ultrasound
and needle biopsy of small nodules) lead to the diagnosis of milder cases of disease, for
which outcomes are excellent, leading to the deceptive appearance of improving outcomes.
The impression that outcomes are improving strongly reinforces both diagnostic practices as
well as therapeutic practices such as thyroidectomy. A striking example of such increasing
diagnosis has occurred in South Korea, where the female incidence of thyroid cancer has
skyrocketed from 0.2 to as much as 111.3 per 100,000 population from 2002 to 2012.: It is
believed that such escalation in a short period is due to intense diagnostic ultrasound
screening. The anticipated survival with small, ultrasound-detected thyroid cancers is close
to 100% because these tumors never came to clinical attention in the pre-ultrasound era.
Consistent with this hypothesis, between 1993 and 2007, the 5-year relative survival rate
with thyroid cancer in South Korea increased from 94% to 100%.

Modern medical practices can lead to the appearance of improving cancer survival rates as
tumors are diagnosed earlier (lead-time bias) or as an increasing proportion of diagnosed
tumors are slow-growing (length bias). This distortion of survival statistics from the
inclusion of previously subclinical cancers also parallels the concept of stage migration, in
which improved diagnostic imaging causes shifts in tumor staging from early to late stage,
conveying the illusory appearance of improved survival. In thyroid cancer, as advanced
diagnostic practices lead to more cases being identified, subclinical tumors are discovered
and pulled into the category of early-stage disease. This may be predominantly due to the
intensification of trigger events such as radiologic serendipity (uncovering a thyroid finding
on a test done for another reason) or diagnostic cascade (identification of a thyroid finding
during a workup that does not plausibly explain the patient’s presenting symptom).” The
inclusion of more subclinical tumors with anticipated excellent survival outcomes into the
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early-stage category artificially increases incidence and survival rates, even though the
natural history of the disease has not necessarily changed.

US mortality from thyroid cancer hovers around 0.5 per 100,000 people. Between 1975 and
2011 (the most recent year for which data are available), the high was recorded in 1977 at
0.57 per 100,000 people (approximately 1710 deaths per year nationwide) and the low was
recorded in 1994 at 0.42 per 100,000 people (approximately 1260 deaths per year
nationwide). Because the mortality rate for thyroid cancer is so small, any fluctuations
appear large in relative terms (even if not in absolute terms). However, our statistical
modeling confirms that there has been no change in mortality rates with thyroid cancer in
the United States (P = .32). One can identify periods within the broader data, in which
mortality trended down (1977-1983) or trended up (2003-2011), but the mortality rate has
never moved outside the range we have seen over the past 30 years. If indeed the steady
improvements in thyroid cancer survival were real, we would expect to observe a concurrent
decline in mortality, especially in recent years. In contrast, we have noted no change in
mortality rates, suggesting that the changes in survival rates are artifacts of changes in
disease characteristics.

Although most focus on the increasing incidence of small thyroid cancers, it has been rightly
pointed out that large thyroid cancers have increased in incidence as well. Thyroid cancers
of all sizes did indeed increase between 1983 and 2011, although the increase in the
incidence of larger cancers is small in absolute terms. It has recently been shown that not
only small cancers are picked up incidentally. Even larger, or advanced-stage, cancers are
increasingly being identified incidentally, supporting the hypothesis that the increasing
incidence is due to the detection of a subclinical reservoir. However, here we demonstrated
that the proportion of cancers that are large, lymph node positive, or have distant metastases,
has markedly declined over time, resulting in a shift in the spectrum of disease
aggressiveness toward the indolent end of the spectrum.

When reviewing MSKCC data over 6 decades, we cannot rule out nonstatistically significant
improvements in the treatment of certain subgroups of patients (eg, those with locally
advanced thyroid cancers), for whom improved surgical techniques and adjuvant therapy
have become available since the 1950s. However, based on data previously reported by our
group, improvements in survival outcomes for certain high-risk patients treated at MSKCC
occurred before the 1970s, and are difficult to disentangle from the concurrent effects of
stage migration. We also cannot rule out other explanations for the rising incidence of
thyroid cancer. It is possible that there has been a real increase in the actual occurrence of
low-risk papillary microcarcinomas, and that the increased incidence is not solely due to
improved diagnosis or overdiagnosis. Such a scenario, although unlikely as there has been
no identified biologic mechanism, does not change our conclusion that the overall
improvement in survival is spurious, because there has been no change in mortality rates and
no changes in survival within the size or metastatic status categories. Even if the rising
incidence of PTC is not solely due to improved diagnosis, other well-described biases such
as lead-time bias, length bias, and stage migration can create the appearance of improved
survival, when in fact there has been no change in disease behavior.
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Indeed, discerning the precise cause of the increasing diagnosis of papillary thyroid
microcarcinomas is less important than understanding the low-risk behavior of many of
these tumors. This understanding would support the reevaluation of certain surgical practices
for small, localized, well-differentiated thyroid cancers. Our observations provide an
opportunity to reconsider the impact of increasing thyroid cancer diagnoses, and reduce the
morbidity and mortality associated with potentially unnecessary treatment.
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Figure 1.
US thyroid cancer incidence and mortality for all histologies and papillary thyroid cancer

(PTC). Data were obtained from the Surveillance, Epidemiology, and End Results cancer
registry, 1975 to 2009. Incidence rates are age-adjusted to the 2000 US population and
expressed per 100,000 people.
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Evolution of the distribution of thyroid cancer size and extent of disease. Proportion of
newly diagnosed thyroid cancer cases over time shown by (a) tumor size and (b) lymph
node-negative (NO) versus lymph node-positive (N+) versus distant metastatic (M1) disease.

US data were obtained from the Surveillance, Epidemiology, and End Results cancer

registry, 1983 to 2009.
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Increasing proportion of papillary thyroid microcarcinomas (those measuring <1.0 cm) as a
share of all thyroid cancer diagnoses shown for (a) the Surveillance, Epidemiology, and End
Results (SEER) cancer registry for 1983 versus 2009 and (b) the Memorial Sloan Kettering

Cancer Center (MSKCC) database for 1950 versus 2005.
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Mortality from thyroid cancer relative to thyroid cancer (a) incidence and (b) prevalence. As
more small, localized thyroid cancers are diagnosed, both the incidence and prevalence
increase, but the absolute number of lethal thyroid cancers has not changed. As a result, the
probability that a newly diagnosed thyroid cancer will be lethal decreases, and survival rates
appear to increase. Data obtained from the Surveillance, Epidemiology, and End Results

cancer registry, 1975 to 2009.
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Improved disease-specific survival (DSS) and relative survival improvements in thyroid
cancer. (a) Surveillance, Epidemiology, and End Results (SEER) 10-year relative survival
changes from 1983 to 1999 for all thyroid cancer. (b) Memorial Sloan Kettering Cancer
Center (MSKCC) 10-year DSS changes from 1950 to 2005 for all thyroid cancer. (c) SEER
10-year relative survival changes from 1983 to 1999, stratified by size. (d) MSKCC 10-year
DSS changes from 1950 to 2005, stratified by size. () SEER 10-year relative survival

changes from 1983 to 1999, stratified by N and M status.
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Poisson Regression for Mortality, Incidence, and Survival Rates

TABLE 1

Dependent Variable B 95% LCI  95% UCI P
Mortality -.002 -0.007 0.002 .32
Incidence NO .008 0.006 0.01 <.001
Incidence N+ -.017 -0.02 -0.014 <.001
Incidence M1 -.015 -0.022 -0.007 <.001
Incidence <5 mm .017 0.014 0.021 <.001
Incidence <1 cm .021 0.018 0.024 <.001
Incidence 1-4 cm -.009 -0.011 -0.007 <.001
Incidence 4-6 cm -.009 -0.014 -0.004 <.001
Incidence >6 cm -.03 -0.04 -0.02 <.001
Survival (SEER) .002 0.001 0.003 .002
Survival (MSK) .006 -0.001 0.012 .06
Survival (SEER; <1 cm) .001 -0.002 0.004 .54
Survival (SEER; 1-4 cm) 0 —-0.003 0.003 .87
Survival (SEER; >4 cm) .001 -0.002 0.004 .76
Survival (MSK;<1 cm) .004 -0.002 0.01 .32
Survival (MSK;1-4 cm) .001 —-0.005 0.006 .84

Page 14

Abbreviations: LCI, lower confidence interval; MSK, Memorial Sloan Kettering Cancer Center; SEER, Surveillance, Epidemiology, and End
Results; UCI, upper confidence interval.
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