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BACKGROUND: Improvements in cancer survival mean that an increasing number of survivors may live long enough beyond their initial
cancer to be diagnosed with additional independent primary cancers. The proportion of newly diagnosed cancers that are second- or
higher-order primaries and how this proportion has changed over the past several decades were examined. METHODS: Data from the
Surveillance, Epidemiology, and End Results (SEER) program were used to identify incident malignant primaries diagnosed between
1975 and 2017. Using the SEER sequence number, the authors tabulated the proportion of all cancers in each calendar year that were
second- or higher-order primaries. The average annual percent change (AAPC) was then calculated to assess how this proportion has
changed over time. RESULTS: Analyses included nearly 4.9 million incident cancers diagnosed during 1975-2017. The proportion of all
cancers that were second- or higher-order increased steadily from 9.77% during 1975-1984 to 21.03% during 2015-2017, reflecting an
AAPC of 2.41% (95% Cl, 2.16%-2.65%). In 2015-2017, second- or higher-order cancers were most prevalent among cancers of the bladder
(28.79%), followed by lung and bronchus (28.07%), melanoma (27.88%), and leukemia (26.10%). The highest AAPCs over the study period
were observed for melanoma (4.05%), leukemia (3.51%), and lung and bronchus (3.36%). CONCLUSIONS: The proportion of newly diag-
nosed cancers that are second- or higher-order has grown rapidly over the past several decades and currently exceeds 20%. Continued
monitoring of second and later primaries will be critical for anticipating the future impact on cancer treatment and survivorship care.
Cancer 2021;127:2736-2742. © 2021 American Cancer Society.
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INTRODUCTION

Advances in early detection and treatment, combined with the aging of the population, have led to a rapid growth in the
number of cancer survivors in the United States, with a projected increase from roughly 17 million in 2019 to over 22
million by the year 2030." Importantly, approximately two-thirds of US survivors were diagnosed with cancer at least 5
years ago, and 18% were diagnosed at least 20 years ago.' Improvements in cancer survival mean that an increasing num-
ber of survivors may live long enough beyond their initial cancer to be diagnosed with additional independent primary
cancers.

An increase in the prevalence of the second or later cancer diagnoses may be consequential for several reasons. Some
studies have suggested that, for certain cancer types, overall survival may be significantly lower for patients whose diag-
nosis is a second- or higher-order primary, relative to those with a first primary cancer diagnosis.”> As a result, patients
with a second or later primary cancer are often excluded from cancer clinical trials on the basis of their cancer history.®
An increase in the proportion of second- or higher-order primaries among new diagnoses of a particular cancer type
could therefore decrease the eligible pool of potential participants for a given trial and limit the generalizability of trial
results. Other research has suggested that individuals with a history of multiple primaries may have lower quality of life
and poorer physical health than those with a history of only 1 primary cancer,”'* which may pose additional challenges
for the delivery of treatment and survivorship care for these patients. These unique health and survival implications of a
second- or higher-order primary suggest the need to investigate and monitor patterns of a cancer history among newly
diagnosed cancer cases.

A report using data from the Surveillance, Epidemiology, and End Results (SEER) program found that 18.4% of all
incident cancers during 2009-2013 were second- or higher-order.13 In this study, we aimed to update these results (with
SEER data through 2017), and to examine how this proportion has changed over time since the 1970s. Understanding
historical trends will be important for anticipating future growth in the number of individuals with a history of multiple
primaries, and predicting their impact on the future of cancer survival and survivorship care.
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MATERIALS AND METHODS

Incident cancers diagnosed between 1975 and 2017
were identified using data from the SEER 9 registries
(Atlanta, Connecticut, Detroit, Hawaii, Iowa, New
Mexico, San Francisco—Oakland, Seattle-Puget Sound,
and Utah).'* Only those with malignant behavior and
known age were included. We excluded those whose
malignancy was only defined as reportable by the in-
dividual state/province registry (<0.01% of all cases).
A rtotal of 4,870,113 incident cancers were included in
analyses.

Cancer history was defined using SEER sequence
numbers, or the sequence of all reportable primary neo-
plasms over an individual’s lifetime. A sequence number
of “00” indicates that the individual has had only one
in situ or malignant neoplasm as defined by the Federal
reportable list. Sequence number “01” represents the
first of 2 or more neoplasms, “02” represents the sec-
ond of 2 or more, and so on. Reportable neoplasms
that occur outside the registry catchment area or were
diagnosed before the registry’s initiation are assigned a
sequence number but are not included within the SEER
database. Using the sequence number, we categorized
incident cancers as first/only primary or second/higher-
order primary.

Statistical Analysis

For each calendar year, we identified the proportion of
all incident cancers that were second- or higher-order.
Joinpoint software’” was used to estimate the aver-
age annual percent change (AAPC) in this proportion
over the full range of diagnosis years. The AAPC is a
summary measure of the trend and is computed as a
weighted average of the annual percent changes from
the joinpoint regression model. It is valid even if the
joinpoint model suggests there were changes in trends
during the specified interval.'®'” Confidence inter-
vals for AAPCs were also calculated using Joinpoint.'”
Analyses were performed for all cancer sites combined
and for the 12 most common cancer sites, which ac-
count for more than three-quarters of all new cancer

18
cases.

RESULTS

Analyses included nearly 4.9 million incident can-
cers diagnosed between 1975 and 2017. The propor-
tion of all cancers that were second- or higher-order
increased steadily from 9.77% during 1975-1984 to
21.03% during 2015-2017, reflecting an AAPC of

2.41% (95% CI, 2.16%-2.65%) (Fig. 1 and Table 1).
In the earliest decade of 1975-1984, the proportion
of second- or higher-order cancers was highest among
colon and rectum (12.53%), followed by kidney and
renal pelvis (11.83%), and bladder (11.29%). In con-
trast, in the 3 most recent years of data (2015-2017),
second- or higher-order cancers were most prevalent
among cancers of the bladder (28.79%), followed by
lung and bronchus (28.07%), melanoma (27.88%),
and leukemia (26.10%). The highest AAPCs over the
study period were observed for melanoma (4.05%;
95% ClI, 3.74%-4.36%), leukemia (3.51%; 95% ClI,
2.48%-4.54%), and lung and bronchus (3.36%; 95%
Cl, 2.93%-3.80%) (Figs. 2 and 3 and Table 1). In
2015-2017, the cancer types with the lowest propor-
tion of second- or higher-order diagnoses included
prostate (10.69%), thyroid (14.09%), and endometrial
(14.50%). The AAPC was also lowest for prostate can-
cer (0.64%; 95% CI, 0.31%-0.97%).

Between 1975 to 1984 and 2015 to 2017, the pro-
portion of second- or higher-order cancers increased
from 7.08% to 12.69% among cancers diagnosed at
ages younger than 65 years (AAPC = 1.83%; 95% CI,
1.63%-2.03%) and from 12.07% to 27.93% among
those 65 and older (AAPC = 2.60%; 95% CI, 2.23%-
2.98%) (Fig. 1 and Supporting Table 1). The AAPC
was significantly greater among those 65 and older
both overall and for all cancer types other than lung
and bronchus, uterus, kidney and renal pelvis, mela-
noma, thyroid, non-Hodgkin lymphoma, and leuke-
mia, where AAPCs were similar by age. Consistently
over the range of diagnosis years, a slightly higher pro-
portion of cancers among women than among men
were second- or higher-order, although the AAPC
was similar (women: 2.31%, men: 2.51%; P = .276)
(Fig. 1 and Supporting Table 2). Only melanoma and
cancers of the lung and bronchus and bladder demon-
strated significant differences according to sex, all with
a higher AAPC among men. In analyses according to
race, the proportion of second- or higher-order can-
cers was generally highest for incident cancers among
White patients, compared to that among Black patients
or those of other race (Fig. 1 and Supporting Table 3).
However, the AAPC for all cancer types combined did
not significantly differ between cancers among White
and Black patients (2.49% vs 2.77%; P = .206) but was
significantly lower for cancers among patients of other
race (AAPC = 2.01%) than White (P = .004) or Black
(P < .001).
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Figure 1. Trends in the proportion of second- or higher-order cancers among incident cancers (A) overall, (B) according to age at
diagnosis, (C) according to sex, and (D) according to race. AAPC indicates average annual percent change.

DISCUSSION
Using population-based data from the SEER registries
we examined the prevalence of second- or higher-order
primaries among all newly diagnosed malignant cancers,
and how this proportion has changed over the past several
decades. Our findings indicate that more than one-fifth
of incident cancer diagnoses during 2015-2017 occurred
among individuals with a prior cancer history, and this fig-
ure has increased by an average of over 2% per year since
the mid-1970s. Of the individual cancer types examined,
second- or higher-order primaries were most common
among incident cancers of the bladder and lung and bron-
chus, followed by and melanoma and leukemia, cancer
types that also exhibited some of the most rapid increases
over time. These increases may add to the challenges of
cancer treatment and survivorship care in the coming years.
The steep rise in the proportion of second or later
cancers over the past 4 decades may be explained by
a combination of interrelated factors. Aside from the
likely contributions of increases in life expectancy and

the overall aging of the US population, there have also
been substantial improvements in survival for several
common cancer types (eg, breast and colorectal) "’
since the initiation of the SEER program in the 1970s.
Improved prognosis for first cancers means more survi-
vors may live long enough to develop a second primary
cancer. Additionally, some of the largest drivers of im-
provements in cancer survival, namely early detection
through screening and advances in cancer treatment,
may also impact the incidence of second or later can-
cers. The implementation and expansion of screening
programs, such as for breast and colorectal cancers,
has likely contributed to an increase in the detection
of additional cancers among cancer survivors, who may
be encouraged to get screened for these malignancies
as part of their survivorship care. For survivors whose
first cancer was treated with carcinogenic therapies, in-
cluding radiation and certain chemotherapies, exposure
to these therapies can also contribute to incidence of
second cancers.?’
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Figure 2. Trends in the proportion of second- or higher-order cancers among incident cancers of the following types: (A) female
breast, (B) prostate, (C) lung and bronchus, (D) uterine, (E) colon and rectum, and (F) melanoma.

Our findings demonstrate considerable variabil-
ity across cancer types in the proportion of newly di-
agnosed patients who have a prior cancer history, and
in how rapidly this proportion has increased over the
past several decades. Among incident cancers of the
lung and bronchus and bladder, the high prevalence of
second- or higher-order primaries may reflect the influ-
ence of shared risk factors (ie, smoking), which increase
the likelihood for individuals with these cancer types to
develop multiple unique cancers. For melanoma, which
has increased in overall incidence in recent years,”' a
probable contributor is the relatively high frequency of
a subsequent primary melanoma diagnosis after a first
primary melanoma.*>*® Trends in the use of carcino-
genic cancer therapies for the first primary cancer may
have contributed to the high prevalence and steep in-
crease in second or later primaries among certain cancer
types, particularly leukemias.”* Our results also high-
light some differences in prevalence and trends accord-
ing to demographic characteristics, such as age, sex, and
race. These differences are likely partially explained by
differences in the underlying cancer type distribution
according to these characteristics, but they may also
reflect demographic variation in patterns of behavioral
factors, health care access, and biological susceptibility
to second or later cancers. Additional research may seek

to better understand the drivers of the increase in the
proportion of second- or higher-orders cancers among
patients newly diagnosed with the cancer types and
whether these trends will continue over the next several
years.

The high prevalence of a cancer history among
individuals with a new cancer diagnosis may have im-
portant implications for the delivery of cancer treatment
and survivorship care. Some reports, including those
conducted using SEER data, have documented inferior
overall survival among patients with certain cancer types,
including breast, prostate, colorectal, uterine, thyroid,
melanoma, and bladder, who have a prior cancer diag-
nosis compared to those without, even after accounting
for demographic and tumor characteristics.”” For pa-
tients with these cancer types, prior cancer history may
therefore influence decisions surrounding treatment
for the newly diagnosed cancer. Additionally, given the
high proportion of new diagnoses of these cancers that
are second- or higher-order, exclusion of patients on the
basis of cancer history may limit the generalizability of
clinical trials and observational studies focused on new
cancer therapies. The survivorship care of patients with
a history of multiple cancers may also be complicated
by the additional physical and psychological toll, as
well as the additional treatment-related exposures, that
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Figure 3. Trends in the proportion of second- or higher-order cancers among incident cancers of the following types: (A) bladder,
(B) kidney and renal pelvis, (C) pancreas, (D) thyroid, (E) non-Hodgkin lymphoma, and (F) leukemia.

accompany each new cancer diagnosis. Accordingly, the
potential for poorer quality of life®'* and poorer phys-
ical health” among multiple primary cancer survivors
should be considered in planning for posttreatment care.
Given our finding of a rapid increase in the prevalence
of a cancer history among newly diagnosed patients in
recent decades, there is a corresponding need for addi-
tional research to support the long-term survivorship
care needs of patients with 2 or more primary cancer di-
agnoses. Efforts to ensure that newly diagnosed patients
continue to receive recommended screenings for other
cancers in the years following their initial cancer diagno-
sis also remain critical.

One limitation of our analysis is the possibility
that the criteria used to define a primary malignancy
for some cancer types may have changed at some point
during the study period. However, we expect the impact
of any such changes on our overall results would be small.
Additionally, it is possible that sequence number may
have been coded incorrectly in the SEER data, or that
some recurrent cancers may have been misclassified as sec-
ond- or higher-order primaries, although we believe that
these errors would be relatively rare overall. Outmigration
of cancer survivors from SEER registry areas could
also lead some second- or higher-order primaries to be
missed and not captured in the registry data. Increases in

second- or higher-order primaries that we observed over
time may include some diagnoses that would not have
become clinically apparent (overdiagnosis) due to in-
creases in cancer screening or use of imaging. However,
these patients are still subjected to diagnostic procedures
and cancer treatments that may have psychosocial and/
or medical consequences, and therefore still reflect the
burden of second- and higher-order primary cancers. We
were also limited by small sample sizes in some cancer
type—specific analyses according to race. Finally, because
the SEER registries are located within specific geographic
regions and do not cover the entire United States, our
results are estimates and may not reflect the exact propor-
tions of second- or higher-order cancers for the whole US
population across all diagnosis years.

The proportion of newly diagnosed cancers that are
second- or higher-order has grown rapidly over the past
several decades and currently exceeds 20%. Because the
challenges associated with 2 or more primary cancer diag-
noses may be substantial and unique, continued monitor-
ing of second- or higher-order cancers will be critical for
anticipating the future impact on cancer treatment and
survivorship care.
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