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Abstract

Background: Racial disparities in cancer have been attributed to population differences in access to care. Differences in
cancer overdiagnosis rates are another, less commonly considered cause of disparities. Here, we examine the contribution of
overdiagnosis to observed racial disparities in papillary thyroid cancer and estrogen/progesterone receptor positive (ER/PR+)
breast cancer. Methods: We used Surveillance, Epidemiology, End-Results (SEER) 13 for analysis of white and black non-
Hispanic persons with papillary thyroid cancer or ER/PR+ breast cancer (1992-2014). Analyses were performed using SeerStat
(v8.3.5, March 2018). All statistical tests were two-sided. Results: White persons had higher incidence of papillary thyroid can-
cer than black persons (14.3 vs 7.7 cases per 100000 age-adjusted population) and ER/PR+ breast cancer (94.8 vs 70.9 cases per
100000 age-adjusted population) (P < .001). In papillary thyroid cancer, the entire incidence difference was from more fre-
quent diagnosis of 2-cm or less (10.0 vs 4.9 cases per 100 000 population) and localized or regional (13.8 vs 7.4 cases per
100000 population) cancers in white persons (P < .001), without corresponding excess of metastatic disease, cancers greater
than 4 cm, or incidence-based mortality in black persons. In women with ER/PR+ breast cancer, 95% of the incidence differ-
ence was from more 2-cm or less (61.2 vs 38.1 cases per 100000 population) or 2.1- to 5-cm (25.4 vs 23.4 cases per 100000 pop-
ulation), localized (65.1 vs 43.0 cases per 100 000 population) cancers diagnosed in white women (P < .001), with slightly higher
incidence of tumors greater than 5 cm (10.1 vs 9.3 cases per 100 000 population, P < .001) and incidence-based mortality (8.1
vs 7.2 cases per 100 000 population, P < .001) among black women. Overall, 20-30 additional small or localized ER/PR+ breast
cancers were diagnosed in white compared with black women for every large or advanced tumor avoided by early detection.
Overdiagnosis was estimated 1.3-2.5 times (papillary thyroid cancer) and 1.7-5.7 times (ER/PR+ breast cancer) higher in white
compared with black populations. Conclusions: Differences in low-risk cancer identification among populations lead to over-
estimation of racial disparities. Estimates of overdiagnosed cases should be considered to improve care and eliminate dispar-
ities while minimizing harms of overdiagnosis.

Racial disparities in cancer presentation and survival have been
primarily studied in the context of lower levels of access to diag-
nostic, screening, and treatment modalities. However, racial
disparities might also be observed as a result of changes in clini-
cal epidemiology over time. In 1968, Feinstein showed that ob-
served disease incidence rates and survival rates are affected by
changing definitions of disease, rates of health-care use, and
availability of technology to identify subclinical disease, even if
the disease characteristics themselves have not changed (1). For

example, wider use of sensitive diagnostic tests can lead to the
upstaging of cancers, resulting in stage migration and the spuri-
ous appearance of improved survival rates—the so-called “Will
Rogers effect.” (2) Later, these observations were extended to in-
clude overdiagnosis, the epidemiologic phenomenon in which
cancer incidence rates increase because of detection of asymp-
tomatic, early-stage, indolent tumors that were not destined to
ever result in symptoms or death (3-6). Increasing overdiagnosis
can result from wider use of diagnostic or screening
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technologies and leads to an increased observed cancer inci-
dence rate despite an unchanged rate of occurrence of the can-
cer in the population. Overdiagnosis has been described in
cancers of the breast, thyroid, prostate, kidney, lung, and skin
(melanoma) (3-6). Conceivably, if these epidemiologic factors
differ between populations, they could contribute to the appear-
ance of disparities in cancer incidence or survival.

When evaluating cancer disparities, defining the specific
contributions of delayed diagnosis and/or overdiagnosis is im-
portant, because it informs how much additional screening is
likely to help eliminate the disparity. To illustrate, screening
might lead to improved detection of potentially lethal disease at
an early stage, facilitating curative therapy. Alternatively, if
screening leads to increased detection of indolent cancers (over-
diagnosis), the group of patients most affected by overdiagnosis
will appear to have a higher proportion of early-stage cancers,
and survival rates will appear to rise. However, these differen-
ces in presentation and survival would be spurious, resulting
from increased numbers of overdiagnosed tumors, for which
treatment would offer no benefit (7,8). This effect on survival
estimates is referred to as “overdiagnosis bias” (9).

In papillary thyroid cancer and estrogen/progesterone recep-
tor positive (ER/PR+) breast cancer, the predominant subtypes
of thyroid (86%) and breast (58%) cancers, respectively, there
has been recognition of increasing detection of subclinical, in-
dolent disease (overdiagnosis) as well as racial disparities in
outcomes (6,10-12). In both cancer types, the incidence is higher
in white persons, a higher proportion of black patients present
with advanced-stage disease, and black patients experience
poorer survival. If these patterns reflect delayed detection in
black persons, they could represent the cause of poorer survival
with breast and thyroid cancer among black patients in the
United States (11,12). On the other hand, if differences in
health-care access by race result in higher rates of overdiagno-
sis in white persons, this could also contribute to the similar ap-
pearance of more advanced disease and poorer survival among
black persons. Therefore, it is important to examine absolute
rates of cancer incidence and mortality (numbers of cases or
deaths per unit-population), not solely relative measures such as
the proportion of cases presenting at an early stage, or survival
rates, which can be influenced by overdiagnosis, lead-time, and
length-time biases.

We hypothesized that a portion of the racial disparities
observed in papillary thyroid cancer and ER/PR+ breast can-
cer is attributable to differing rates of overdiagnosis between
populations. Here, we estimate the contribution of overdiag-
nosis to differences in presentation and survival with these
cancers among black and white persons in the United
States.

Methods

A population-based analysis was performed using the
Surveillance, Epidemiology, and End Results (SEER) 13 database
(SEERStat v8.3.5; March 2018), which covered a representative
13% of the US population from 1992 to 2014. We analyzed abso-
lute incidence rates (per 100000, age adjusted to the 2000 US
population) of papillary thyroid cancer and ER/PR+ breast can-
cer and compared white and black non-Hispanic populations
with regard to tumor size, American Joint Committee on Cancer
seventh edition staging (system in use at the time), and SEER
extent of disease (localized, regional, or distant) for 2010-2014.
Additionally, we compared the populations in terms of overall

survival (relative measure, probability of remaining alive after
disease diagnosis), disease-specific survival (relative measure,
probability of not dying of cancer after diagnosis), and disease-
specific incidence-based mortality (absolute measure, number of
patients dying of disease per 100 000 age-adjusted population at
risk) in the entire SEER 13 cohort (1992-2014). SEERStat query
codes are listed in Supplementary Box 1 (available online). This
study used deidentified SEER data via data use agreement with
the National Cancer Institute and was deemed exempt from hu-
man participant review by the Memorial Sloan Kettering Cancer
Center Institutional Review Board.

Statistical Analysis

Incidence rates were compared using two-sided y° test. Survival
rates were compared using log-rank test. Statistical significance
was defined as P less than .05. Rates of overdiagnosis were esti-
mated based on the range of reported overall rates of overdiag-
nosis in the United States (13-15) weighted by population
cancer incidence (detailed in Figure 1A). This allowed approxi-
mation of the relative contributions of overdiagnosis to the ob-
served differences in cancer incidence (Figure 1B). Survival rates
adjusted for overdiagnosis were estimated based on the method
of Harding et al. (9):

survival — overdiagnosis rate
100 — overdiagnosis rate

Adjusted survival =

Increased observational intensity, such as with screening,
may lead to increased overdiagnosis of indolent tumors and/or
earlier diagnosis of clinically relevant tumors. To determine the
relative contributions of these two processes in populations, we
examined the ratio of excess small or localized tumors in one
population to excess large or advanced tumors in the other. In a
scenario where no overdiagnosis occurs, this ratio would be 1,
because each earlier diagnosis would prevent one later diagno-
sis; if overdiagnosis occurs, this ratio would be greater than 1. In
addition, in breast cancer, to examine whether excess detection
of small, localized tumors was associated with screening, we
also examined patterns of diagnoses in women younger than 40
years, who are not recommended to undergo routine mammo-
graphic screening (16).

Results

Papillary Thyroid Cancer

Of 18875 white and black non-Hispanic patients who presented
with papillary thyroid cancer in 2010-2014, 17 177 (91.0%) were
white and 1698 (9.0%) black. The overall incidence rate of papil-
lary thyroid cancer in the United States between 2010 and 2014
was markedly higher in white compared with black persons
(14.3 vs 7.7 cases per 100000 age-adjusted population, P < .001)
(Figure 2A; Supplementary Table 1, available online). This ex-
cess incidence rate of papillary thyroid cancer in white persons
was entirely attributable to markedly higher rates of diagnosis
of cancers that were 2 cm or less (10.0 vs 4.9 cases per 100000
population, P < .001), localized or regional (13.8 vs 7.4 cases per
100000 population, P < .001), and early (I or II) stage (11.6 vs 6.2
cases per 100000 population, P < .001) in white patients. The in-
cidence rate of large cancers greater than 4 cm was identical in
black and white patients (1.4 vs 1.4 cases per 100000 population,
P = .88). In fact, white patients had a slightly higher rate of stage
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A Equation #1: Calculation of the race-specific contribution
to the estimated overall overdiagnosis rate 0,, = Rate of overdiagnosis in white persons
0., =(P,x0,) +(P,x0,) 0, = Rate of overdiagnosis in black persons
P, = Percent of diagnosed cancers, white persons
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Figure 1. Estimating overdiagnosis rates in black and white non-Hispanic patients with papillary thyroid cancer or estrogen/progesterone receptor positive breast can-
cer. A) Equations used for estimation of overdiagnosis rates. B) Example scenarios of cancer incidence in two populations (population 1 and population 2) with differing
underlying rates of overdiagnosis. In scenario I, more overdiagnosis in population 1 creates the appearance of more advanced disease in population 2, when it is in fact

unchanged in absolute terms.

Il or IV disease presentation (2.3 vs 1.3 cases per 100 000 popula-
tion, P < .001) and distant metastasis (.33 vs .22 cases per
100000 population, P = .008).

Overall survival at Syears was statistically significantly
poorer among black patients with papillary thyroid cancer

(94.3%, [95% CI = 93.4% to 95.0%] vs 96.0%, [95% CI = 95.8% to
96.2%], P < .001), though there was no difference between black
and white patients in terms of 5-year disease-specific survival
(98.7%, [95% CI = 98.2% to 99.0%] Vs 98.5%, [95% CI = 98.4% to
98.7%], P = .70). Because differences in survival (relative
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Figure 2. Incidence, incidence-based mortality, and survival with papillary thyroid cancer in white vs black persons. A) Incidence, disease characteristics at presenta-
tion, and disease-specific incidence-based mortality of papillary thyroid cancer. B) Overall and disease-specific survival of papillary thyroid cancer. DSS = disease-spe-
cific survival; IBM = incidence-based mortality; OS = overall survival. Rates expressed are per 100 000 age-adjusted population, and data presented are from 2010-2014

(incidence) and 1992-2014 (incidence-based mortality and survival).

measures) may in part be caused by overdiagnosis, lead-time, or
length-time biases, we also examined disease-specific inci-
dence-based mortality rates (absolute measures), which were
not higher and, in fact, were slightly lower in the black com-
pared with the white population (.12 vs .16 cases per 100000
population, P = .01) (Figure 2, A and B; Supplementary Table 1,
available online).

These results show a large excess of small localized papillary
thyroid cancers being diagnosed in white persons but no corre-
sponding excess of larger or advanced-stage tumors in black
persons. Because small papillary thyroid cancers (often indolent
with survival nearing 100%) were more frequently diagnosed in
white persons, overall survival rates were higher, consistent
with overdiagnosis bias (7,17). When examining incidence-

based mortality rates, which reflect the number of patients with
papillary thyroid cancer dying annually, we observed a slightly
lower level of mortality in black persons, indicating that there is
not a higher incidence of lethal papillary thyroid cancers in
black patients. These data indicate that the entire difference in
papillary thyroid cancer incidence and outcomes between white
and black persons is attributable to more frequent overdiagno-
sis in white patients rather than delayed diagnosis in black
patients.

Estrogen/Progesterone Receptor Positive Breast Cancer

Of 76 388 white and black non-Hispanic women diagnosed with
ER/PR+ breast cancer from 2010 to 2014, 68001 (89.0%) were
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Figure 3. Incidence, incidence-based mortality, and survival with estrogen receptor/progesterone receptor positive (ER/PR+) breast cancer in white vs black women.
A) Incidence, disease characteristics at presentation, and disease-specific incidence-based mortality with ER/PR+ breast cancer. B) Overall and disease-specific survival
with ER/PR+ breast cancer. C) Incidence, incidence-based mortality, and survival of white vs black women younger than 40years of age with ER/PR+ breast cancer.
D) Overall and disease-specific survival of women less than 40years of age with ER/PR+ breast cancer, white vs black women. DSS = disease-specific survival;
IBM = incidence-based mortality; OS = overall survival. Rates expressed are per 100000 age-adjusted population, and data presented are from 2010-2014 (incidence)

and 1992-2014 (incidence-based mortality and survival).

white and 8387 (11.0%) black. The incidence rate of ER/PR+
breast cancer among women in the United States has histori-
cally been higher in white women (18). This was observed in our
cohort (94.8 vs 70.9 cases per 100000 population, P < .001)
(Figure 3A; Supplementary Table 2, available online). White
women had markedly higher incidence of ER/PR+ breast can-
cers that were 2 cm or less (61.2 vs 38.1 cases per 100 000 popula-
tion, P < .001), localized (65.1 vs 43.0 cases per 100000
population, P < .001), and early (I or II) stage (81.2 vs 56.3 cases
per 100 000 population, P < .001). White women had moderately
higher incidence of ER/PR+ breast cancers that were 2.1-5 cm
(25.4 vs 23.4 cases per 100000 population, P < .001) as well as
moderately higher incidence of presentation with regional dis-
ease (25.6 vs 22.1 cases per 100000 population, P < .001). In con-
trast, black women had slightly higher incidence of
presentation with tumors greater than 5 cm (10.1 vs 9.3 cases
per 100000 population, P < .001) or advanced-stage (III or 1V)
tumors (13.3 vs 12.3 cases per 100000 population, P = .005) and
distant metastatic disease (5.5 vs 4.6, P < .001).

Black women with ER/PR+ breast cancer experienced poorer
5-year overall (80.0%, [95% CI = 79.4% to 80.6%] vs 86.5%, [95% CI
= 86.3% to 86.6%), P < .001) and disease-specific survival (87.2%,
[95% CI = 86.7% to 87.7%] vs 93.4%, [95% CI = 93.3% t0 93.5%], P <
.001) compared with white women (Figure 3B, available online).
Similarly, disease-specific incidence-based mortality rates
among black women with ER/PR+ breast cancer were higher
than in white women (8.1 vs 7.2 cases per 100000 population,
P < .001) (Figure 3A, Supplementary Table 2, available online).
These differences in tumor size and stage at presentation with
ER/PR+ breast cancer are consistent with two co-occurring
mechanisms: more widespread overdiagnosis in white women
(leading to more small localized early-stage tumors) and more
delayed diagnosis in black women (leading to slightly more
large or advanced-stage tumors, with slightly higher mortality).

To estimate the relative contributions of these two processes
(overdiagnosis and delayed diagnosis), we calculated the ratio
of excess small or localized tumors in white women to excess
large or advanced tumors in black women (see “Methods”). We
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found that these ratios were 31.4 (<5 cm vs >5 cm), 28.4 (local-
ized or regional vs distant), and 24.9 (stage I or II vs IIl or IV), in-
dicating that approximately 20-30 additional small or localized
tumors are diagnosed in white compared with black women for
every one large or advanced tumor avoided by early detection.
This indicates that the clear majority, but not all (24 of 25, or ap-
proximately 95%), of excess small or localized ER/PR+ tumors in
white compared with black women are attributable to overdiag-
nosis, because they are not associated with a corresponding de-
crease in large or advanced-stage tumors. This suggests that
observed racial disparities in ER/PR+ breast cancer incidence
are more attributable to differing rates of overdiagnosis than
delayed detection of early-stage tumors.

To examine whether excess detection of small or localized
tumors was associated with the use of screening, we analyzed
trends in women younger than 40years, who do not undergo
routine breast cancer screening (16), and found the white-black
difference in overdiagnosis was largely attenuated. There was
no statistically significant difference in overall incidence of ER/
PR+ breast cancers in white compared with black women (8.5 vs
7.7 cases per 100000 population, P = .05), and only slightly
higher rates in white women of tumors that were 2 cm or less
(4.0 vs 2.9, P < .001), localized (4.0 vs 3.1 cases per 100000 popu-
lation, P < .001), and stage I or II (6.5 vs 5.1 cases per 100 000 pop-
ulation, P < .001). There was a similar incidence of tumors 2.1-5
cm (3.3 vs 3.4 cases per 100000 population, P = .62) and greater
than 5 cm (1.3 vs 1.5 cases per 100 000 population, P = .43), and a
similar incidence of presentation with regional disease (3.9 vs
3.6 cases per 100000 population, P = .29). There was only a
slightly higher incidence of distant metastasis (1.0 vs .69 cases
per 100000 population, P = .01) or stage III or IV disease (2.4 vs
2.0 cases per 100 000 population, P = .03) in black compared with
white women (Figure 3, C and D; Supplementary Table 3, avail-
able online). In these women younger than 40 years, the ratios
of excess small or localized tumors in white women to excess
large or advanced tumors in black women were 5.0 (<5 cm vs
>5 cm), 3.9 (localized or regional vs distant), and 3.5 (stage I or II
vs III or IV), indicating that only about three to five additional
small or localized tumors (compared with 20-30 for women of
all ages) are diagnosed for every one large or advanced tumor
avoided by early detection. This illustrates that in women youn-
ger than 40 years, in whom mammographic screening is not
routinely performed, the white-black gap in breast cancer inci-
dence, stage at presentation, and rate of overdiagnosis narrows
markedly.

Estimating Overdiagnosis Rates in White Compared
With Black Persons With Papillary Thyroid or ER/PR+
Breast Cancer

It is estimated that approximately 60-70% of thyroid cancers in
the United States are overdiagnosed (15). If the entire excess in-
cidence of papillary thyroid cancer in white compared with
black patients (approximately 6.5 per 100000) is attributable to
more frequent overdiagnosis, and if the overall rate of overdiag-
nosis in papillary thyroid cancer is 65%, the estimated rates of
overdiagnosis would be 68% in white patients and 40% in black
patients (Figure 4A; Supplementary Figure 1, available online).
Depending on the overall rate of overdiagnosis chosen (55-75%),
the estimated rate of overdiagnosis of papillary thyroid cancer
in white patients would range from 1.3 to 2.5 times that of black
patients. Adjusting 20-year survival statistics for these esti-
mated rates of overdiagnosis eliminates the slightly poorer

disease-specific survival observed in
(Supplementary Figure 1, available online).

Recent studies have estimated as many as 20-35% of inva-
sive breast cancers are overdiagnosed (13,14,19,20). Estimates
are higher (approximately 50%) for ER/PR+ cancers (21). Based
on our previous estimate that 95% of the excess incidence of ER/
PR+ breast cancer in white women (approximately 22.7 per
100000) is due to more widespread overdiagnosis, and conser-
vatively assuming that 30% of ER/PR+ breast cancers are over-
diagnosed, we estimate that the overdiagnosis rate is 36% in
white women and 16% in black women (Figure 4B;
Supplementary Figure 2, available online). Depending on the
overall rate of overdiagnosis chosen, the rate of overdiagnosis
in white women is estimated at 1.7-5.7 times that of black
women. Adjusting 20-year disease-specific survival for this rate
of overdiagnosis narrowed the gap in survival rates by almost
one-half (43%), with estimated survival rates of 65% in white
women and 60% in black women (Supplementary Figure 2,
available online).

black patients

Discussion

Here, we bring to attention the contribution of overdiagnosis to
the appearance of racial disparities in incidence, survival, and
mortality rates among US patients with thyroid or breast can-
cer. Racial disparities in cancer presentation and outcomes are
often interpreted as indicative of poorer rates of thyroid and
breast cancer detection in black persons. However, we find that
the entire black-white disparity in papillary thyroid cancer inci-
dence and survival, and some of this disparity in ER/PR+ breast
cancer, is actually due to higher rates of overdiagnosis in white
persons. These results, revealing that overdiagnosis is an im-
portant force in both breast and thyroid cancer statistics, have
implications as interventions to reduce disparities and improve
care are developed and prioritized.

Overdiagnosis is common in thyroid and breast cancer and
relevant in prostate, renal, and lung cancer as well as mela-
noma. Overdiagnosis is more common among populations with
greater health-care access, because there are more opportuni-
ties for the subclinical disease reservoir to be uncovered (6,8,22—
24). Because overdiagnosed cancers, by definition, have cancer-
specific survival rates approaching 100%, increasing overdiag-
nosis will create the appearance of higher survival rates and
more favorable outcomes. Therefore, overdiagnosis tends to
lead to more widespread use of screening techniques, causing a
“cycle of positive feedback” that results in increasing overdiag-
nosis over time (6).

This analysis was necessarily limited in several ways. First,
we chose to examine racial disparities in cancer overdiagnosis;
however, race is in large part a surrogate for other factors, such
as socioeconomic and other health-care access-related varia-
bles, which may be responsible for these observations.
Additionally, the study was limited to white and black non-
Hispanic persons and the predominant subtypes of thyroid and
breast cancer, not including other racial or ethnic groups or less
common cancer subtypes. Overdiagnosis is unlikely to explain
disparities in all cancer types. For cancer types in which overdi-
agnosis occurs, differential rates of overdiagnosis may create
the appearance of disparities; however, in cancer types not
prone to overdiagnosis, this would not be expected to be the
case. For example, we did not examine aggressive cancer sub-
types such as triple-negative breast cancer, which occurs more
commonly in black women, does not seem to be as prone to
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Figure 4. Modeled estimates of the relative contributions of overdiagnosed and clinically significant cases in black and white persons with A) papillary thyroid cancer
using a 65% overall estimated overdiagnosis rate and B) ER/PR+ breast cancer (women only) using a 30% overall estimated overdiagnosis rate. ER/PR+ = estrogen recep-
tor/progesterone receptor positive. Rates listed are per 100 000 age-adjusted population.

overdiagnosis, and is less frequently detected on screening,
given the short lead time of these cancers (21,25,26).
Importantly, overdiagnosis cannot be directly measured: it is
impossible to ascertain whether an individual tumor was over-
diagnosed or clinically relevant, regardless of its size or stage.
However, at the population level, we can measure differences in
overdiagnosis between populations by comparing rates of mor-
tality and by measuring how many advanced-stage tumors are
prevented by the diagnosis of an early-stage tumor. These con-
clusions are most useful for designing interventions to improve
disparities at a population level and are not possible to apply to
an individual patient.

Because more frequent overdiagnosis in white persons has
the unintended consequence of creating the appearance of im-
proved outcomes in those patients, it is possible that overdiag-
nosis has “moved the goalposts” of what are believed to be
appropriate benchmarks for cancer detection rates. In recent
years, screening mammography use in black women has in-
creased and is now nearly equivalent to that of white women
(18). However, during this time, the black-white gap in mortality
and the absolute incidence of white and black women present-
ing with late-stage or metastatic disease has remained
unchanged. Recent efforts to increase rates of screening appear

to have increased rates of overdiagnosis but have not helped
narrow the mortality gap, suggesting that improvements in
treatment of diagnosed cancers, rather than wider screening,
may be more likely to improve outcomes.

Factors previously implicated as causes of the differences in
outcomes between black and white women with breast and thy-
roid cancer include disparities in insurance status, comorbid-
ities, and treatment quality (11,27). Our data do not refute this
and indeed emphasize the importance of these factors. We
show that efforts to enhance early cancer detection may para-
doxically exacerbate the appearance of inequities in cancer di-
agnosis, and therefore these efforts are unlikely to eliminate
disparities in outcomes. Instead, we suggest that efforts to im-
prove access to high-quality treatment for diagnosed cancers,
and to address racial disparities in general medical care and the
treatment of comorbid conditions, should receive at least as
much as, if not more, attention than efforts to increase
screening.
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