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Abstract

Background—Cancers are heterogeneous comprising of distinct tumor subtypes. Therefore,
presenting the burden of cancer in the population and trends over time by these tumor subtypes is
important to identify patterns and differences in the occurrence of these subtypes, especially to
generalize findings to the US general population.

Methods—Using SEER cancer registry data, we present incidence rates according to subtypes
for diagnosis years (1992-2013) among men and women for five major cancer sites: breast
(female only), esophagus, kidney and renal pelvis, lung and bronchus, and thyroid. We also
describe estimates of 5-year relative survival according to subtypes and diagnosis year (1992—
2008). We used Joinpoint models to identify years when incidence rate trends changed slope.
Finally, recent 5-year age-adjusted incidence rates (2009-2013) are presented for each subtype by
race and age.

Results—Hormone receptor positive and HER-2 negative was the most common subtype (about
74%) of breast cancers. Adenocarcinoma made up about 69% of esophagus cases among men.
Adenocarcinoma also is the most common lung subtype (43% in men and 52% in women). Ninety
percent of thyroid subtypes were papillary. Distinct incidence and survival patterns emerged by
these subtypes over time among men and women.

Conclusions—Histologic or molecular subtype revealed different incidence and/or survival
trends that are masked when cancer is considered as a single disease based on anatomic site.

Impact—Presenting incidence and survival trends by subtype, whenever possible, is critical to

provide more detailed and meaningful data to patients, providers and the public.
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Introduction

The conventional method of reporting population-based cancer statistics, solely by anatomic
site, does not leverage advances in characterization of neoplasms based on their detailed
biological characteristics.(1) Cancer subtypes are increasingly defined by detailed anatomic
site(2, 3), histology(4, 5), or molecular characteristics. (6) Important patterns of cancer
occurrence emerge when cancers are examined based on these biological characteristics.
Thus, reporting cancer statistics by these clinically important subtypes from population-
based registries may identify important trends within the US population or among
population subgroups that would otherwise not be evident.

Patterns of disparity can emerge when characterizing cancers based on underlying biology,
such as the elevated rate of triple negative breast cancer among African American women,
which is a more aggressive subtype than the predominant HR+/HER-breast cancer subtype.
(6, 7) Cancer subtypes may also often have distinct risk factors associated with particular
histologies. Understanding trends over time and risk may be useful in targeting interventions
or prevention strategies to specific subgroups.(8—10) Further, providing data by subtypes
such as biomarker presence or genetic test result is essential for determining the impact of
major improvements in cancer therapy such as targeted therapies at the population level
outside of clinical trials.(11)

The Surveillance Epidemiology and End Results (SEER) Program has traditionally
presented cancer statistics by organ site (12), however presenting cancer statistics by tumor
subtypes is an important contribution that reflects advances in knowledge about the
heterogeneity of cancer and to understand the differential burden of cancer in populations. In
this report, SEER cancer incidence and survival data are presented for selected cancer
subsites. The objective of this population-based report is to illustrate unique patterns of
incidence, time trends, and survival for breast, esophageal, thyroid, lung, kidney and renal
pelvis cancer subtypes that represent one change in how SEER data will be presented in the
future.

Materials and Methods

Population-based cancer incidence data have been collected by the National Cancer
Institute’s Surveillance Epidemiology and End Results (SEER) Program since 1973.
Incidence and survival data included in this report are from the SEER 13 registries which
cover about 13% of the United States population. Cancers from five organ sites diagnosed
from 1992 to 2013 were selected to illustrate the potential value in examining tumor
subtypes and include: Female breast, esophagus, kidney and renal pelvis, lung and bronchus,
and thyroid. Since joint expression of hormone receptor and HER-2 status to classify breast
cancer subtypes was not collected until 2010, only female breast cancer cases diagnosed
from 2010 to 2013 were included.

The SEER site recode variable based on the World Health Organization International
Classification of Disease for Oncology, 3™ edition (ICD-O-3) was used to define the
primary site. All cases were included in reporting by the primary site as is done in standard
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reports.(1, 13) Subtypes for each cancer site that were defined by histologic type and
restricted to cases with microscopic confirmation of histology (Supplementary Table 1). Two
exceptions were that clinically relevant subtypes for breast cancer were defined by hormone
receptor and HER? status and kidney and renal pelvis were defined by anatomy; so these
were not restricted to cases with histologic confirmation. Although kidney and renal pelvis
tumors were defined by anatomy, each subsite had a predominant histologic type. The vast
majority of renal pelvis tumors were transitional cell carcinomas while kidney NOS tumors
were almost all adenocarcinomas and renal cell carcinomas.

Five-year cancer incidence rates (2009-2013) and four-year rates (2010-2013) for breast
cancer are presented for each subtype by race and age. Race groups include White, Black,
Asian and Pacific Islander (API), and American Indian/Alaska Native (Al/AN). Differences
between race and age groups were compared using the relative rate ratio and its 95%
confidence interval.(14) All incidence rates were age-adjusted to the 2000 US standard
population. The population estimates used as the denominators to calculate incidence rates
were a modification of the intercensal and Vintage 2014.(15)

Incidence rates were estimated from 1992 to 2013. In addition, trends and changes over time
were estimated using a Joinpoint model.(16) This is a technique that fits a series of joined
straight lines on a logarithm scale to the age-adjusted rates over time, a maximum of 4
joinpoints were considered for fitting trends. Breast cancer trends were not estimated since
data were only available from 2010. Incidence rates used to calculate trends were also
adjusted for reporting delay which may occur because of a lag in reporting to the cancer
registry or data corrections.(17) Delay adjustment factors were not available by subtype
therefore these rates are adjusted by the overall reporting delay for that primary site. In this
report, trends that are reported as increasing or decreasing refer to statistically significant
increasing or decreasing trends estimated from the Joinpoint model. Non-statistically
significant trends are referred to as stable.

Finally, we present estimates of 5-year relative survival according to cancer subtypes and
diagnosis year among men and women. Relative survival was calculated as the ratio of
observed all-cause survival to expected survival using the actuarial method in SEER*Stat
(18, 19) It represents survival associated with a cancer diagnosis and it is the standard
method for reporting cancer-specific survival from registry data as it does not rely on causes
of death which may be missing or misclassified (refs). Expected survival rates were
calculated using life tables based on individual year 1970-2011, individual age 0-99 years,
sex and race (White, Black, Other (American Indian/Alaska Native, Asian/Pacific Islander
and were matched on age, sex, year of diagnosis, and race (white, black, and other) to the
cancer cohort.(20) Survival analyses included cases diagnosed in 1992-2008 and follow-up
until December 31, 2012. Cases diagnosed in 2009 and after are not included because we do
not have complete 5 years of follow-up for them. For the same reasons, we were unable to
examine 5-year survival data for breast cancer cases diagnosed after 2010.
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Female Breast Cancer

Hormone receptor positive and HER-2 negative (HR+/HER2-) breast cancer was the most
common subtype comprising 74% of all cases (Supplementary Figure 1). Incidence rates for
breast cancer subtype varied by race. For example, white women had the highest incidence
rate for this subtype followed by black, APl and AI/AN women (Table 1). In contrast, triple-
negative breast cancer which made up the second largest component at 11% of cases had the
highest rates among black women. The HR+/HER2+ and HR-/HER2+ subtypes had
relatively small difference in incidence in white compared to black women.

In addition, incidence peaked among women age 65 to 74 years among all subtypes. The
HER2 over-expressing tumors (i.e., HR-/HER2+) were the least common subtypes with
fewer observed variations by race or age groups compared to both the HR+/HER2- and

triple-negative subtypes.

Esophageal Cancer

The overall trend for esophageal cancer shows a decline in incidence for both men and
women (Figure 1). The 5-year survival is relatively stable over time, however there are
differences between the subtypes for both incidence and survival. Specifically, the incidence
trends by subtype, in particular for men, revealed an increasing incidence for
adenocarcinoma contrasted with a decline for squamous cell and other histologic subtypes
(Supplementary Table 2). Incidence for squamous cell carcinoma is declining for women but
incidence among the other subtypes remains stable. Among men, who have much higher
rates of esophageal cancer compared to women, adenocarcinoma makes up approximately
69% of all esophageal cancers while squamous cell carcinoma makes up the second largest
component at 27% (Supplementary Figure 1).

The incidence rates by race show that, while white men have the highest rates of
adenocarcinoma (5.7 per 100,000), black men have the highest rate of squamous cell
carcinoma (4.5 per 100,000; Table 1). Incidence rates for squamous cell carcinoma are also
higher among AI/AN and API compared to white men (2.0 and 2.3 vs. 0.3, respectively).
Incidence for adenocarcinoma is similar for white and black women but black women had
higher rates of squamous cell carcinoma than white and APl women (Table 1).

There are also differences in incidence by age for both men and women. Incidence increased
dramatically for men by age for both adeno- and squamous cell carcinoma (Table 2).
However, men had the highest incidence of adenocarcinoma for all age groups compared to
women. There is an increased risk with advancing age in men for both adeno- and squamous
cell carcinoma compared with the youngest age group. For women the highest incidence was
squamous cell carcinoma and similar to men, the incidence increased after age 55 (Table 2).

Five-year relative survival for esophageal cancer overall is modestly increasing over time for
both men and women (Figure 1). Survival is higher among those with adenocarcinoma
compared to squamous cell among men (20,5% vs. 16.6% in 2008). However, there is not
any difference in survival among the subtypes for women.
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Kidney & Renal Pelvis Cancer

The overall incidence trend for kidney and renal pelvis cancer was increasing from 1992 to
2008 but is now stable among both men and women. The overall trend is driven by the
incidence in kidney cancer since these comprise over 90% of cases. Indeed, the incidence
trend for kidney cancer followed the same pattern. Cancer of the renal pelvis has a much
smaller incidence rate and has been stable since 1992. Although the pattern is similar among
men and women, the incidence is lower among women.

The incidence rates of kidney cancer are highest among black and AI/AN men (10.5 and 8.6
per 100,000, respectively; Table 1). Black and AI/AN women also have higher rates
compared to white women. In contrast, incidence rates for cancer of the renal pelvis are
highest among whites for both men and women. The incidence rates for cancer of both
kidney and renal pelvis increase by age among men and women (Table 2). However, the
increase by age is far greater for cancer of the renal pelvis compared to kidney.

Five-year relative survival for kidney cancer is increasing over time among both men and
women (Figure 2). Specifically, 5-year survival was 58.6% in 1992 and increased to 74,2%
in men and increased from 61.2% to 78.3% in women. Survival is lower for cancer of the
renal pelvis but variable due to small case counts.

Lung & Bronchus Cancer

The overall trend for lung cancer is declining among both men and women (Figure 3). This
decline is also seen among men and women with small cell, large cell, and malignant
neoplasm and carcinoma unspecified subtypes (Supplementary Table 2). However,
adenocarcinoma, which is the most common subtype making up 45% of the cases among
men and 55% of the cases among women, is increasing among both sexes (Supplementary
Figure 1). Squamous cell carcinoma, the second most common histologic subtype
comprising 17% of cases among men and 12% among women, is decreasing among men but
stable among women.

The incidence rates by race show that black men have a higher incidence for all subtypes
except small cell compared to white men (Table 1). This difference in particularly
pronounced for squamous cell, malignant neoplasm and unspecified carcinomas, and large
cell carcinoma subtypes. AI/AN men had a higher rate of malignant neoplasms and
unspecified carcinoma and a lower rate of adenocarcinoma compared to white men. API
men had overall lower rates for all lung subtypes compared to white men with the exception
of adenocarcinoma. Compared to white women, black women have higher rates for large
cell carcinoma, malignant neoplasms and unspecified carcinoma, and squamous cell
carcinoma (Table 1). Incidence rates for adenocarcinoma are nearly equivalent for black and
white women. Small cell carcinoma was higher among white women compared with black
women. Al/AN and APl women had lower rates for all subtypes compared to white women
with the only exception of a higher rate of squamous cell carcinoma among AI/AN
compared to white women. Among both men and women, incidence rates of lung subtypes
by age show each of the subtype incidence rates increases with age (Table 2). Lung cancer
incidence for all subtypes is highest among men and women age 75 and older.
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Five-year relative survival by lung cancer histologic subtype indicates an increase in survival
for each subtype among both men and women (Figure 3), although survival among women
is generally higher than among men. Among men, those with the adeno- and squamous cell
carcinoma had the highest 5-year relative survival (22.4% and 20.5% in 2008, respectively).
A similar pattern was seen for among women with a 5-year relative survival 28.6% in 2008
for adenocarcinoma and 22.6% for squamous cell carcinoma.

Thyroid Cancer

The overall incidence trend for thyroid cancer is increasing among men and women (Figure
4). However, the overall trend is driven by the papillary subtype since it accounts for about
90% of the cases among both men and women (Table 1). Indeed, incidence trends for the
papillary subtype are increasing among men and women (Supplementary Table 2). The less
common subtypes, in descending order of incidence, are follicular, medullary and anaplastic.
The incidence rates for these subtypes are low, however, medullary thyroid cancer has been
increasing among men and women. The trend for anaplastic thyroid cancer is stable among
men and women.

Among men the highest incidence rates for the papillary subtype occurred among whites and
APIs with lower rates among blacks and Al/ANs (Table 1). Incidence rates of papillary
subtype rose with age, peaked among men 65 to 74 years then dropped among men 75+
years of age (Table 2). Incidence rates for other thyroid cancer subtypes were lower and
typically increased with age.

Among women incidence rates for papillary subtype were higher compared to those of men,
with higher rates among whites and APIs than among blacks and AlI/ANs (Table 1). Rates
across racial and ethnic groups were similar for non-papillary subtypes. Incidence rates of
papillary subtype peaked among women at 55 to 64 years (Table 2). Incidence rates for
follicular and medullary subtypes peaked at 65 to 74 years and those for anaplastic peaked at
75+ years.

Among both men and women, overall five-year relative survival is driven by the papillary
subtype for which the survival is very high (Figure 4). Specifically, 99% in 2008 for men
and 99.8% for women. However, survival from the other subtypes is poorer including a very
poor survival from the anaplastic subtype (<10% five-year survival).

Discussion

For the five cancer sites presented in this report, the analysis by histologic or molecular
subtype reveal important differences in incidence trends that are not apparent when only the
anatomic site is considered. For example, triple negative breast cancer occurs at a higher rate
among black women than white women. Esophageal squamous cell carcinoma incidence
rates decreased in men over time as adenocarcinomas emerged to become the predominant
esophageal cancer subtype among men in the mid-1990s. Similarly, the rising incidence of
papillary thyroid cancer explains almost the entire increase in thyroid cancer incidence.
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Differences in survival also emerge when the subtypes are examined. Specifically, papillary
thyroid cancer subtypes have favorable survival compared to less common subtypes of these
anatomic sites. Patients with small cell carcinoma of the lung had worse survival than those
diagnosed with squamous-, adeno-, and other specified carcinomas of the lung. These results
clearly illustrate the importance of providing data according to more clinically relevant
categories for assessing risk and outcomes, as well as for investigating health disparities.
These results can also inform areas of need for targeted drug development and highlight
areas where orphan drugs may be required to improve survival for specific cancer subtypes.

Changes in risk factors over time may affect the incidence trends differentially by subtype.
For example, tobacco smoking is most strongly related to squamous cell subtype of
esophageal and lung cancer (21-23). The declining prevalence of smoking over time in the
US general population (24) may have contributed to the decreasing incidence in the
squamous cell subtype of esophageal and lung cancer over time. However, changes in
tobacco blends and inhalation depth may be resulting in increasing peripheral
adenocarcinomas of the lung (25-27). Thus the reporting by subtype is necessary to connect
risk factor behavior in the population with clinical awareness and surveillance.

Cancers associated with excess weight such as adenocarcinoma of the esophagus, kidney
cancer and postmenopausal breast cancer (28, 29) showed increasing trends among both
men and women. Some of the observed patterns may reflect an increase in the rates of
overweight and obesity starting from the 1970s.(30) The prevalence of overweight and
obesity has slowed since 2000 (31) and may be leveling off in more recent years (32). While
the trends for these cancers are influenced by other risk factors, the high prevalence of
excess weight likely contributed to these increases (33).

Finally, cancer screening may differentially affect subtype detection. For example, HR-
breast cancers are twice as likely to be missed by mammographic screening compared with
HR+ breast cancers (6, 34). There are other risk factors such as reproductive history,
lactation, weight, physical activity, and postmenopausal hormone use that could explain the
apparent differences in breast cancer incidence rates (35) Papillary thyroid cancers are also
differentially detected by screening compared to the other more fatal subtypes (36, 37).
Also, some of the increasing rates in kidney cancer may be due to an increase in incidental
diagnoses resulting from diagnostic imaging for other health conditions unrelated to
symptoms of kidney cancer (38, 39). Risk factors are only one component contributing to
changes in incidence rates over time. Other factors include improvements in screening
methods and changes in screening behaviors. Other factors such as changes in disease
classification or data collection procedures, and delays in cancer reporting can also affect
observed trends over time.

Our results illustrate the direction that population-based cancer surveillance must take in
order to support contemporary cancer research and to provide the most informative
information to both clinicians and patients. According to the classical paradigm of cancer
surveillance, there are approximately 60 different organs where cancer could develop. More
recently, it has been estimated that there are several hundred cancer subtypes. Our
understanding of cancer diversity is almost certain to expand with discoveries based on
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proteomic, genomic and methylomic characterization. The SEER cancer registry program
recognizes the need to integrate these advances to support cancer research initiatives. This
will enable estimation of the burden of specific cancer subtypes, disparities in the
population, and the potential benefits of targeted therapies.

Strengths of the present study include the ability to examine long term incidence and
survival trends for cancer subtypes, including by age, race and sex. However, there are also
challenges as we move to presenting data in more meaningful categories. These challenges
will require both a clear understanding of the data collected including how it changes over
time and how the use and development of new methods for surveillance affect the data. For
example, cases can be assigned to different histology codes over time based on new
biological knowledge and these changes can complicate the interpretation of trends. There
have been changes in histology coding for lung cancer that affect trends by moving cases
from one histologic subtype to another. (23) Previous work has presented approaches to
obtain consistent trends over time through grouping of codes (23) or through imputation.(40,
41) These methods aim to prevent artificial changes in the trends over time created by
coding changes. Researchers analyzing subtypes need to be familiar with the changes in
histology classification over the time to ensure the proper interpretation of trends. Since the
classification of histologic codes in an analysis is at the discretion of the authors, it is of
upmost importance that when publishing results by histologic subtype that the definitions
are clearly reported so that the results can be compared across studies.

Other potential challenges are that certain cases that have not been microscopically
confirmed and cannot be classified into a histologic subtype and cases that are
microscopically confirmed but are a nonspecific histology and therefore excluded from this
analysis. The proportion of cases not microscopically confirmed is small for esophageal and
thyroid cancer (<4%) and moderate for kidney and lung cancer (10% each), however these
proportions are stable over time and so should not impact the trends. Similarly, the
proportion of cases excluded from the analysis is small (<5%) and also stable over time.

In addition, even when microscopically confirmed the information to define the subtype may
be missing or unknown for some organ sites resulting in cases being excluded from the
subtype analysis, particularly in the early years of reporting. In this analysis the proportion
of cases microscopically confirmed and excluded from the analysis is small (<5%) and also
stable over time. One approach that has been used to address this issue is imputation of
missing values.(6, 7) When interpreting trends by subtype the impact of cases unable to be
categorized should be considered by either including the trend for unknown subtype or
applying statistical methods such as imputation to assign cases to specific subtypes.

Despite the challenges described above, presenting trends by more clinically relevant
subcategories is useful to provide more detailed and meaningful information to patients,
providers and the public in general. This report highlights that for five cancer sites analysis
by histologic or molecular subtype reveals different incidence and/or survival trends that are
masked when only the generic organ site trends are considered. As precision medicine and
targeted therapies are developed it will be increasingly necessary to report population-based
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cancer rates and trends by clinically meaningful subgroups so that cancer incidence and
outcomes remain relevant to patients and researchers.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Esophageal cancer age-adjusted incidence rates and 5-year relative survival over time by
subtype for men and women. Survival estimates for Other are based on 5 year groups (1992—
1998, 1999-2003, 2004-2008).
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