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It is often assumed that increases in cancer survival reflect true progress against cancer.This is true when these
increases are accompanied by decreased burden of disease: Fewer people being diagnosed or dying from
cancer (ie, decreased incidence and mortality). But increased survival can also occur even when incidence is

To use trends in cancer burden—incidence and mortality—to illustrate when changes in survival reflect true

Using data from 1975 to 2010 collected by the Surveillance, Epidemiology, and End Results Program (incidence,
survival) and the National Center for Health Statistics (mortality), we analyzed US trends in five-year relative sur-
vival, age-adjusted incidence, and mortality for selected cancers to identify patterns that do and do not reflect

Among the nine common cancers examined, survival increased in seven, and changed little or not at all for two.
In some cases, increased survival was accompanied by decreased burden of disease, reflecting true progress.
For example, from 1975 to 2010, five-year survival for colon cancer patients improved (from 48% to 68%) while
cancer burden fell: Fewer cases (incidence decreased from 60 to 41 per 100000) and fewer deaths (mortality
decreased from 28 to 16 per 100000), a pattern explained by both increased early detection (with removal of
cancer precursors) and more effective treatment. In other cases, however, increased survival did not reflect true
progress. In melanoma, kidney, and thyroid cancer, five-year survival increased but incidence increased with no
change in mortality. This pattern suggests overdiagnosis from increased early detection, an increase in cancer
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Changes in survival must be interpreted in the context of incidence and mortality. Increased survival only rep-
resents progress when accompanied by a reduction in incidence, mortality, or ideally both.
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Changes in cancer survival are increasingly being used as a measure
to track progress against cancer and appear frequently in medical
journal articles, news media reports, and statements from policy-
makers and advocacy groups. For example, a recent medical journal
article argued that higher cancer costs in the United States versus
Europe are “worth it” based on increased survival rates (1). And
the Komen Foundation’s breast cancer awareness campaign has
repeatedly used higher breast cancer survival for screened versus
unscreened women as a central argument for why women should
undergo mammography (2).

Survival statistics are popular because they seem intuitively
obvious: increasing survival sounds like good news, decreasing
survival sounds like bad news. But the story is more complicated.
Improved survival represents progress when it is accompanied
by a decreased burden of disease: fewer people being diagnosed
or dying from cancer. But improved survival can also occur even
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when disease burden is increased. Survival is the proportion of
cancer patients who are alive at a given time after diagnosis, and
in fact it is a complex measure which can be affected by several
biases. These biases are introduced by early detection, typically
from screening or incidental detection with advanced imaging.
Early detection inflates survival by moving back the time of diag-
nosis (lead time bias), by identifying relatively slow growing, good
prognosis cancers (length bias), or by finding cancers never des-
tined to progress at all or which progress so slowly that the per-
son dies of other causes (overdiagnosis). These biases explain how
survival can increase even if no deaths are delayed or prevented.
Unfortunately, it is impossible to disentangle the effects of early
diagnosis solely based on improved survival in population-based
cancer surveillance data because cancer registries do not rou-
tinely collect the mode of diagnosis (ie, symptomatic, screened,
or incidental).
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"To understand whether improved survival represents true progress,
it needs to be interpreted in the context of cancer burden: How many
people are diagnosed with cancer (incidence) and how many die from
it (mortality). Building on the work of Dickman and Adami (3), we
analyzed trends in cancer survival for major cancer sites in the United
States, together with incidence and mortality. We also illustrate survival
and incidence trends by stage at diagnosis. For mortality we provide an
example of how incidence-based mortality (IBM) (4) by stage at diag-
nosis, which is obtained from deaths that occurred from cases reported
to the cancer registry, can add in the interpretation of the trends.

Materials and Methods

We compared changes in five-year relative survival with changes
in the burden of cancer—as age-adjusted incidence and mortal-
ity rates—from 1975 to 2010 for nine cancer sites: lung, prostate,
female breast, colorectal, Hodgkin lymphoma, cervix, melanoma,
kidney, and thyroid. We describe which patterns of changes in sur-
vival and cancer burden do and do not represent progress.

Measures and Data Sources

For incidence and survival, we used cases diagnosed in 1975 through
2010 from the Surveillance, Epidemiology, and End Results (SEER)-9
cancer registry areas (Atlanta, Connecticut, Detroit, Hawaii, Iowa,
New Mexico, San Francisco-Oakland, Seattle-Puget Sound, and
Utah) which covers about 9.4% of the US population. In survival
calculations, cases were followed up through December 31, 2010;
however, cases diagnosed in 2010 were not included in the calcula-
tions because of greater uncertainty in the ascertainment of death.
For mortality, we used US population data from National Center for
Health Statistics (NCHS) (available in the SEER*Stat software).

The NCHS US cancer mortality data is derived from informa-
tion recorded on death certificates, and it lacks information pertain-
ing to the onset of disease, for example, stage at diagnosis. However,
population-based registries, by linking individuals incidence data to
their mortality outcomes, allows for creation of a file containing mor-
tality information (deaths) among those person diagnosed with cancer
and reported to the registry. IBM (4) rates are calculated as the deaths
from the cases reported to the cancer registry divided by the registry
populadon. In this paper, we calculated IBM rates for female breast
cancer by stage at diagnosis in the SEER-9 area to illustrate recent
declines in mortality rates by stage. Incidence, mortality and IBM are
reported as age-adjusted annual rates per 100000, using the 2000 US
standard population. For more information on the standard popula-
tion see http://seer.cancer.gov/stdpopulations/.

For cancer stage, we used the SEER historical stage A variable
which consists of three categories: localized, regional, and distant,
and provides consistent staging information over the years. For
breast, we also considered ductal carcinoma in situ. Due to coding
changes in lung and prostate, consistent staging is only available
after 1988 for lung cancer and after 1995 for prostate cancer (see
http://seer.cancer.gov/analysis/stage.html for detailed information).

Trend Analyses

We analyzed trends in incidence, mortality, and survival by gender
(for cancers that occur in both sexes) and report combined results
except where there were differences (lung and thyroid cancer).
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To better characterize the trends and changes over time, we
fitted joinpoint models to the observed data. Trends in incidence
and mortality were modeled using joinpoint regression models that
use year of diagnosis (year of death for mortality) as a covariate
to estimate times at which statistically significant changes in rates
occurred (5,6). For IBM trends, we fit joinpoint models after 1995
(year of death), which is 20 years after the start of cancer registra-
tion in 1975, to include all breast cancer deaths reported to the
registry (see Discussion for more details).

A different joinpoint model is used to analyze trends in survival.
Joinpoint survival models, fit linear segments to the probabilities
(hazard) of dying (7). In this work, we report estimated five-year
relative survival, rather than observed survival, based on the models
from 1975 to 2010; for patients diagnosed 2006 or later, the sur-
vival estimates reflect projected results (because five-year follow-up
is not available).

Results

Between 1975 and 2005 increase in survival is observed for seven
cancer sites (colorectal, breast, prostate, melanoma, kidney, thy-
roid cancer, and Hodgkin lymphoma) and projected to continue
increasing from 2006 through 2010 (Figure 1). Although, survival
changed little for cervical and lung cancer, there is some evidence
of an increase in survival after 2001 for men and women diagnosed
with localized and regional lung cancer.

Considering changes in survival in the context of changes in
cancer burden revealed different patterns representing progress,
mixed progress, and no progress against cancer. These patterns are
summarized in Table 1 and displayed in more detail in Figures 2-6.
While multiple scenarios may occur simultaneously for a given can-
cer, the illustrative examples below focus on the predominant one.

Progress Against Cancer

Increase in Survival, Lower Disease Burden. The combination
of increased survival and lower disease burden represents unam-
biguous progress against cancer. Trends in colorectal cancer exem-
plify this pattern: five-year survival for colorectal cancer patients
increased from 48% in 1975 to 68% in 2010 (survival table in
Figure 2), while cancer burden in the population fell—incidence
and mortality declined from 60 to 41 per 100000 and 28 to 16
per 100000, respectively (Figure 2). The decline in incidence—and
increased survival—was most pronounced for regional and distant
stages (Figure 1).

A similar pattern was observed for Hodgkin lymphoma. From
1975 through 2010, five-year survival increased from 70% to 90%,
while burden fell: Incidence did not change (3 per 100000) but
mortality decreased from 1.3 to 0.4 per 100000 (Figure 2).

Little or No Increase in Survival, Lower Disease Burden. Progress
was also observed when survival changed only a little. For cervi-
cal cancer, survival was unchanged (all stages combined), but the
burden of disease fell substantially, reflecting early detection and
removal of cancer precursors (Figure 3). Incidence declined for
all stages, survival improved most for regional stage. However,
Figure 1 panel for cervical cancer, shows the large variability in
survival for regional stage cervical cancer.
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Figure 1. Trends in five-year relative survival by stage (local, regional, distant and all stages)—selected cancer sites (Hodgkin lymphoma not
shown). Symbols represent observed values, lines represent estimated values from the joinpoint survival models. *All= All stages.

Lung cancer in men also demonstrated this pattern: five-year sur-
vival changed little, while both incidence and mortality decreased (90
to 68 cases per 100000 and 76 to 60 deaths per 100000) reflecting
successful prevention efforts in smoking reduction (8,9) (Figure 3).
Incidence declined for all stages but was most pronounced for
regional and distant. Overall survival was almost unchanged in the
first two decades and started to improve slightly after 2001. From
1989 to 2010, survival by stage improved for localized (from 43% to
56%); regional (from 16% to 31%); and distant (from 1.6% to 4.7%).

Mixed Progress Against Cancer

Increase in Survival, Increased Incidence, Decreased Mortality.
Improved survival can also occur with mixed changes in bur-
den. Some of the largest absolute increases in survival occurred
in breast (74% to 91%) and prostate cancer (67% to 100%).
For both cancers, mortality has decreased from 1975 to 2010—
both breast and prostate cancer mortality fell from 31 to 22 per
100 000—representing a decreased burden of disease (Figure 4).
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But at the same time, incidence increased substantially—breast
cancer (in situ and malignant) increased from 111 to 162 per
100 000; prostate cancer increased from 94 to 149 per 100 000—
representing an increased burden of disease.

The increased incidence for breast cancer occurred almost
entirely in early stage disease (ductal carcinoma in situ and local-
ized stage), reflecting the introduction and adoption of screening
mammography in the mid 1980s and overdiagnosis. The five-
year survival increased most for regional and distant stages, likely
reflecting more effective treatment during this time period.

Figure 7 shows female breast cancer IBM by stage at diagnosis.
The pattern clearly shows mortality reduction in all stages, includ-
ing unknown stage. In particular, a significant mortality reduction
in the regional stage is observed. This figure also displays US mor-
tality from the NCHS. Trends from US and SEER IBM breast
cancer mortality are parallel after 1995, clearly demonstrating the
need of 20 years after start of cancer registration to analyze breast
cancer IBM trends.
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Figure 2. Progress: Increase in survival, lower disease burden. Symbols represent observed values, lines represent estimated values from the
joinpoint regression models. Five-year relative survivals are estimated from the joinpoint survival models and projected values are italicized.

Prostate cancer incidence peaked after widespread introduction
of prostate-specific antigen screening test in early 1990s and rapidly
declined as screening use stabilized. Incidence, however, is still higher
in 2010 than in the prescreening era (149 vs 94 per 100000), consis-
tent with overdiagnosis. Due to the lack of consistent staging infor-
mation, we do not know how stage-specific incidence and survival
changed with the introduction of prostate-specific antigen screening.

No Progress Against Cancer

Increase in Survival, Higher Disease Burden. Between 1975 and
2010, survival increased for melanoma (80% to 94%), kidney can-
cer (49% to 79%), and thyroid cancer in women (92% to 98%)
(Figure 5). At the same time, however, there was an increase in the
burden of disease. Although mortality did not change, incidence
increased dramatically. Melanoma incidence tripled from 7.9 to 24
per 100000, kidney cancer increased from 7.1 to 15 per 100000, and
thyroid cancer in women increased from 6.5 to 21 per 100 000—sky
rocketing recently (rising on average 6.6% each year after 1996).
Most of the increased incidence was from an increase in localized
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disease (except for thyroid cancer where incidence of regional stage
also increased). This pattern suggests overdiagnosis from increased
early detection either from screening or incidental detection.

Little or No Increase in Survival, Higher Disease Burden. Lung
cancer in women illustrates another pattern: From 1975 to 2010
there was a little change in overall survival (15% to 23%) but an
unambiguous increase in disease burden (incidence increased from
25 to 50 per 100000 and mortality increased from 18 to 38 deaths
per 100000), reflecting the later uptake of cigarette smoking among
women compared with men in United States (10,11) (Figure 6).
However, trends in recent years show some increase in survival
and downturn in disease burden. Overall survival shows almost no
change until 1998, followed by a steady modest increase. From 1989
to 2010, survival by stage also increased for localized (from 52% to
65%); regional (from 19% to 36%); and distant (from 2.2% to 6%)
stage cancers. (Figure 6). Increase in incidence and mortality were
pronounced in 1980s and leveled off in 1990s, and slightly decreas-
ing in later 2000s (after 2007 for incidence and 2004 for mortality).
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Discussion

This paper shows that survival increased for seven cancer sites
and changed little for two cancer sites. For some cancers, survival
increased dramatically, even though more people were diagnosed
with the cancer (breast, prostate, thyroid, kidney cancer, and mela-
noma). For other cancers, survival only increased a little (lung
cancer in men) or was unchanged (cervical cancer), despite a sub-
stantial decrease in disease burden. Looking at changes in disease
burden, however, improves interpretation of increases in survival.
Survival is a complex measure that can be affected by important
biases due to early detection (3,12). These biases explain how survival can
increase even if no deaths are delayed or prevented. Figure 8 illustrates
changes in survival time and lead time bias. In Figure 8A, the first arrow
illustrates the natural history of a cancer diagnosis because of symptoms.
The survival time is the time from diagnosis to death from the cancer.
When treatment is more effective, survival time is extended and death
is postponed. If the treatment is not curative, the person still dies of the
cancer, while with curative treatment, the person dies from other causes
of death. In Figure 8B, the second arrow shows how early detection finds
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the cancer before symptoms develop and creates extra time—the extra
time cause by early detection is called “lead time.” In this scenario, earlier
treatment is no more effective than later treatment so the time of death
is the same. But the survival time is longer solely due to the lead time.
Sometimes earlier treatment is more effective, as in the third arrow. Here
survival time is longer because of both lead time and the life-prolonging
effect of treatment. Because treatment is not curative, the person still dies
of the cancer. The fourth arrow shows the case of curative treatment.
Screening also introduces length bias. Cancers have heterogeneous
growth rates. The slowest growing cancers have the longest asymptom-
atic phase, making them most likely to be picked up by screening. By
definition, these cancers have the most favorable prognosis, a phenom-
enon called length bias. In contrast, rapid growing, aggressive cancers
have the shortest asymptomatic phase and are least likely to be picked up
by screening. As a result of length bias, screen-detected cancers will tend
to have the longest survival times. The most extreme case of length bias
is overdiagnosis. Here screening detects cancers never destined to cause
symptoms or death because death from other causes occurs before the
cancer progresses.
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In addition to the above-mentioned biases, which affect survival for
all stages combined, stage migration can spuriously increase stage-spe-
cific survival (13). Stage migration is the upstaging of cancers because
of more sensitive imaging tests. Stage migration is possible because
there is spectrum of aggressiveness among cancers within each stage.
Higher resolution imaging reclassifies the most aggressive localized
stage cancers—the ones that have just barely crossed into the next
stage—into regional stage cancers. As a result, the average aggres-
siveness of the remaining localized cancers is reduced, and the aver-
age aggressiveness of the regional cancers is also reduced because the
newly reclassified (formerly localized) cancers are less aggressive than
the “traditional” regional cancers. So stage migration increases survival
for both localized and regional cancers [the “Will Rogers effect” (13)].

Ideally one would like to estimate cancer survival corrected
for biases due to early detection. While this is possible using data
from randomized screening trials (14-16), it is not possible from
cancer registries that do not routinely collect the mode of diag-
nosis. Research initiatives to improve the collection of clinical
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data at the time of diagnosis by increasing use of electronic medi-
cal records in cancer registry data collection, for example, may
allow improved estimation of cancer survival statistics correct-
ing for some of the early detection biases. Simulation modeling
of population trends, such as done in the Cancer Intervention
and Surveillance Modeling Network (CISNET), is another useful
way to help interpret trends since lead time, length bias, and over-
diagnosis can be modeled explicitly and fit to population trends.
For example, the CISNET prostate cancer modeling group pre-
viously estimated overall estimates of overdiagnosis and lead time
(17), and these work could be potentially extended and be used
for interpreting survival trends. This remains as a future research.

The best way to interpret survival in terms of a cancer progress
measure is to look at survival, mortality, and incidence together.
This approach makes it possible to identify the variety of “signa-
tures” such as overdiagnosis (improved survival, increased inci-
dence—especially for early stages and unchanged mortality),
improved treatment (improved survival, unchanged incidence,
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decreased mortality), or removal of cancer precursors (improved Incidence and survival by stage can provide further insight as for
survival, decreased incidence, decreased mortality). example, an increase in early stage incidence is a potential indicator

194 Journal of the National Cancer Institute Monographs, No. 49, 2014



Lung Cancer - Women

Incidence and Mortality
120 4

100
80
1 Jncidence . . 50

40

20

Number out of 100,000 US Women

0+
1975 1980 1983 1986 1989 1992 1995 1998 2001 2004 2007 2010

LI s S S e s B S B B B S B B B e s |

5-Year Relative Survival

[ vear [1975 [ 1980[1983 |1986 [1989 [1992 [1995 [1998 [2001 22004 [2007 2010

Allstages  15% 16% 16% 16% 16% 16% 16% 17% 18% 20% 21% 23%

Incidence by Stage

50 4
£ 45
£
§ 40
@ i Stage data
35
= Not comparable
8 30 |
Q 23
— — 3
§25 | 25 o " ?—S\cm e ey
s 20 —
-
3
g 15 1 11 Regional
<10 =
E calized 10
Z 5
0 i L s s s e S L s |
1975 1980 1983 1986 1989 1992 1995 1998 2001 2004 2007 2010

5- Year Relative Survival

i o e sslitses ) e e (sl oo zoua izl zuu)

Localized - 52% 52% 52% 53% 53% 56% 61% 65%
Regional - - - - 19% 20% 21% 22% 23% 27% 32% 36%
Distant - - - - 22% 2.3% 2.5% 2.9% 3.5% 4.2% 51% 6.0%

Figure 6. No progress: Little or no increase in survival, higher disease burden. Symbols represent observed values, lines represent estimated
values from the joinpoint regression models. Five-year relative survivals are estimated from the joinpoint survival models and projected values

are italicized.

w
o

N
w

Number out of 100,000 Women

20
15 ca et
N “a -.JBM- Regional
10 | R . "‘74-‘_}-1_--
IBM Localized A
x X X X g X X X-¥e [ i
A x X X TRTX S -Xege XL By X g
x X X XX o IBM-Distant Rk
S’OOQEOOOOOOOOO 000, Q. - o
x
IBM-Unknown stage
“..'.'-o"".'""""'“"‘“-&o-‘g-o-o-.-...
0 T T T T T 1
1975 1980 1985 1990 1995 2000 2005 2010

Year at Breast Cancer Death

Figure 7. Age-adjusted breast cancer mortality rates for women diag-
nosed with breast cancer in the Surveillance, Epidemiology, and End
Results (SEER)-9 areas. Includes all breast cancer deaths from women
diagnosed with breast cancer between 1975 and 2010. US mortality is
obtained from data at the National Center for Health Statistics (NCHS)
and incidence-based mortality (IBM) is based on incidence diagnosed
from 1975 from SEER-9 area. Symbols represent observed values, lines
represent estimated values from the joinpoint regression models. For
IBM, joinpoint regression models were fitted to the deaths observed
after 1995 to account for follow-up years need to mirror the US mortality
rates from NCHS.

of overdiagnosis. In this study, we have reported US mortality but
did not show US mortality by stage due to the lack of information
regarding stage at diagnosis from the NCHS mortality data. Instead
IBM rates (4) constructed from the deaths of the reported cases in a
cancer registry can provide such an information, and we have shown
an example using female breast cancer mortality (Figure 7). We show
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that breast cancer IBM rates are declining for all stages, including
unknown stage. This provides more conclusive evidence of progress,
than if mortality for one stage is declining but for others increasing
with overall mortality declining. However, there is a limitation of
IBM trends which requires a caution when using them. IBM trends
are reliable for smaller number of years than US mortality rates.
Since IBM only includes deaths that occurred from cases reported
to the cancer registry and some cancer death may occur many years
after cancer diagnosis, it is underestimated in the early years of reg-
istry operations. As shown an example in Figure 7, 20 or more years
of after the start of registration was required for breast cancer IBM
to mirror the US breast cancer mortality rates. The years of follow-
up required for the IBM to mirror the US mortality rates depends
on the cancer site considered (4). IBM by other tumor characteristic
could be used for any incidence characteristics; as for example, by
estrogen receptor (ER) expression could be used to show different
patterns in mortality for ER-positive and ER-negative breast cancers
(18). However analyzing IBM by ER expression would be compli-
cated and require some effort since ER status is only available after
1990 with unknown ER status need to be imputed for the analysis.

We fitted joinpoint models to describe trends in incidence, mortal-
ity,and survival. The model incorporates statistically significant changes
in trends by identifying change points (called joinpoints). However, we
have used the modeling more as a tool to better characterize trends
rather than characterizing and interpreting estimated change points.
Interpreting specific change points need to be considered together with
dissemination of intervention or cancer control policies, and it is not
within the scope of this paper. The joinpoint survival model assumes
that the hazards of death at different years after diagnosis are propor-
tonal. However, it is possible that survival in the 1 year after diagnosis
has changed more substantially than in later years after diagnosis and
may also have different change points in trends. More flexible survival
models will be investigated in future research.

The results of this paper not only apply to temporal compari-
sons of cancer survival but also to comparisons of cancer survival
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among different populations. The importance of integrating sur-
vival, incidence and mortality, or other indicators is especially
important given the recent increase in collaborative studies that
compare relative cancer survival across countries and registries
(19-23). Survival differences across countries and registries need to
be interpreted cautiously because of different screening practices in
different populations and the resulting biases due to early detection
and other unmeasured confounders (20,22). Focusing on stage-spe-
cific comparisons (particularly of more advanced stages) or survival
comparison of cancer sites without screening or early detections
should be less affected by these biases. Inclusion of stage-specific
incidence rates, mortality rates, and proportion of cases diagnosed
at early stage versus late stage can improve interpretation of the
results. Similar design displaying survival trends together with
incidence and mortality trends are reported for bladder, pancreas,
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and corpus uteri cancers and leukemia in the overview chapter of
this monograph (24).

In conclusion, survival is an important cancer prognosis mea-
sure for clinicians and their patients. To be correctly used as a can-
cer policy measure and to correctly understand temporal changes
in survival, changes in incidence and mortality, or other indicators
need to be considered simultaneously. Improved survival does rep-
resent progress when accompanied by a reduction in mortality,
incidence, or ideally both.
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