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KEYWORDS Summary

PNET; Background: The prognoses widely reported for pancreatic cancer reflect the very poor survival
Malignant; associated with the most common histological type, exocrine adenocarcinoma. We calculated
Survival; life expectancies for patients with less common pancreatic neuroendocrine tumors (PNETs),
Conditional survival; and also for the subsets of these patients who survive 1 and 5 years post-diagnosis, all of which
SEER; carry a significantly better prognosis. Results for 1- and 5-year PNET survivors appear not to
Epidemiology have been previously reported, nor have life expectancies (average long-term survival times)

been given.

Methods: We identified 5287 cases of PNET in the SEER US national database, 1973—2013.
The Kaplan—Meier estimator was used to compute empirical survival probabilities and median
survival times for functioning (n=279) and non-functioning PNET (n=5008) cases. The Cox pro-
portional hazards regression model was used to examine univariate associations of survival with
covariates including patient age, sex, race, cancer stage, tumor grade, surgical treatment, and
calendar year. A multivariate multiplicative hazard Poisson regression model estimated mor-
tality rates for all combinations of the covariates. The rates were used to construct actuarial
life tables, which gave life expectancies for male and female patients according to age, cancer
stage, tumor grade, histology (functioning versus non-functioning), surgical treatment status,
and time since diagnosis. These life expectancies were compared with age- and sex-specific
figures from the US general population.

Results: Life expectancy in PNET is lower than that of the US general population and varies
significantly according to patient age, cancer stage, tumor grade, mode of treatment, and time
since diagnosis. For example, it is near normal for persons aged 70 and older who undergo sur-
gical resection of localized well-differentiated (i.e., grade |) tumors. By contrast, persons with
metastatic high-grade tumors not amenable to surgery have life expectancies of only 1 to 4 years
depending on patient age. Functioning PNETs were associated with somewhat lower mortality
than non-functioning within the first few years after diagnosis, though no major differences
were observed long-term. Positive factors for survival were younger age, localized stage,
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low tumor grade, and surgical treatment. Survival improved over the 1973—2013 study period:
on average mortality rates fell by 1.2% per year after controlling for changes in the patient
population. Life expectancy increased markedly with time since diagnosis: those surviving 1
and 5 years post-diagnosis had longer additional life expectancies.

Conclusions: Life expectancies of patients with PNETs may be markedly reduced from normal,
but even in the worst cases their prognoses remain significantly better than that of patients
with the more common pancreatic adenocarcinomas. In some very favorable cases, the life
expectancy is near-normal, especially amongst 1- and 5-year survivors. This information can be

used to counsel patients.

© 2018 Elsevier Masson SAS. All rights reserved.

Introduction

Pancreatic cancer is relatively rare, with approximately
13 new cases and 12 deaths per 100,000 population per
year in the United States [1]. Overall survival prognosis is
exceptionally poor, with only approximately 8% of patients
surviving 5 years post-diagnosis [1]. Unlike in many other
forms of cancer, there do not appear to have been signif-
icant improvements in survival over the past few decades
[1].

However, the outcome statistics are dominated by
exocrine adenocarcinomas, which account for approxi-
mately 90% of cases [2]. While patients with this histological
type often have median survival times of less than 1year [2],
prognoses for those with the less common pancreatic neu-
roendocrine tumors (PNETs) appear to be significantly better
[2—5]. For example, the 2008 study of Yao et al. reported a
median survival time of 5 years from diagnosis [3].

The seminal work of Fesinmeyer et al. [2] together with
further research by others [3—7] identified various risk fac-
tors related to survival in PNETs. Their results, however,
were limited to relatively short-term survival probabilities
(up to 5 years post-diagnosis) and were stratified by only one
or two risk factors at a time, which has only limited util-
ity in providing accurate prognoses for individual patients.
For example, Keutgen et al. [8,9] reported univariate sur-
vival curves and medians based on age, grade, location, and
other factors, but did not provide results specific to any two
factors or a combination of factors.

More recent studies have investigated recurrence and
survival based on revised WHO 2010 and 2017 diagnostic cri-
teria and various clinical markers [10—15]. Insufficient time
has passed, however, to investigate long-term survival based
on refined clinical characteristics (such as Kié7 proliferative
index, mitosis rate, lymph node ratio, p53 and rb1) [11].

Further, none of these works contained either life
expectancies (the total average survival time) or conditional
figures (e.g., for those who survive 1year post-diagnosis).
That is, to our knowledge, there have been no studies that
specifically computed life expectancies with comparison to
the general population. Nor have there been any studies
reporting the subsequent survival of PNET patients who had
already survived 1 or 5 years post-diagnosis.

The present study updates and expands on previous
work, especially Keutgen et al. [8,9] by developing a multi-
variate prediction model that simultaneously accounts for

patient age and sex, cancer stage, tumor grade and his-
tology, and surgical treatment status. Using this model,
we examine trends in survival over time, controlling for
these factors. Primarily, we use the model to obtain current
life expectancy (i.e. mean survival time) estimates from
the time of diagnosis, and also conditional life expectancy
estimates for 1- and 5-year survivors. The latter may be par-
ticularly relevant and helpful to patients who have survived
the initial treatment and are then naturally concerned about
their future prospects. Finally, we compare our results to
normal figures for the US general population, to highlight to
what extent survival in functional and non-functional PNET
is diminished.

Materials and methods

Data source and cohort selection

The Surveillance, Epidemiology, and End Results (SEER)
database, managed and maintained by the National Can-
cer Institute (NCI), is the largest source of information on
cancer incidence and survival in the United States. The reg-
istries that provide patient information for SEER represent
approximately 28% of the US population (based on the 2010
census). We queried the 2015 edition of the SEER database
which includes over 8.2 million cases diagnosed between
1973 and 2013 in the United States [16].

We included all adult (age > 18years) cases of arising
in primary site 25 (pancreas) or 24.1 (ampulla of Vater)
with known patient age, proven malignancy, and docu-
mented follow-up time and vital status. Our primary analysis
was restricted to histologic codes for functioning PNET
(8151 insulinoma; 8152 glucagonoma; 8153 gastrinoma; 8155
VIPoma; 8156 somatostatinoma) and non-functioning PNET
(8013 large cell neuroendocrine carcinoma; 8150 islet cell
carcinoma; 8246 neuroendocrine carcinoma). These are
the same histological codes used by Keutgen et al. [8,9]
with one exception: Cases with code 8154 were excluded
because they indicate mixed endocrine/exocrine histology
and were shown by Keutgen et al. [8] to have a signi-
ficantly worse prognosis. We also excluded persons with
prior histories of other cancers. The final selection included
5287 cases (5008 non-functioning, and 279 functioning). For
comparative purposes, we also examined survival for other-
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wise similar patients with pancreatic adenocarcinoma (code
8140; n=87136).

Outcome

The primary outcome of interest was survival time (i.e.,
time from diagnosis until death from any cause). The sur-
vival times of persons not matched to death records were
right-censored.

Covariates/risk factors

The potential explanatory covariates examined were sex,
age at diagnosis, race (white vs. other), histology group
(non-functioning vs. functioning), cancer stage (localized,
regional, distant), tumor grade (I-Il vs. llI—IV), surgical
treatment status (yes/no), and diagnosis year. The SEER
database includes multiple staging variables, each of which
covers a different range of data with some overlap. These
include the old SEER Historic Staging [localized (stages | and
I), regional (lll), distant (IV)] as well more recent AJCC clas-
sifications based on TNM. In the present analysis, we worked
with LRD staging, as this allowed for consistent definitions
across the entire study period. We return to this issue in the
discussion. Data on all covariates were at least 95% com-
plete (i.e., non-missing) for the overall case selection with
the exception of tumor grade (56% missing).

Data analysis

Empirical survival probabilities at 1, 5, and 10 years after
diagnosis as well as median survival times were estimated
with the Kaplan—Meier method [17]. Log rank tests [17] were
used to assess unadjusted differences in survival by histolog-
ical groupings; a P-value <0.05 was considered statistically
significant. Empirical conditional survival probabilities were
calculated in the usual way. For example, the conditional
probability of survival to the 10th year after diagnosis for
persons who had already survived 5 years was calculated
by dividing the 10-year survival probability by the 5-year
survival probability.

Univariate associations of each covariate with survival
were examined using Cox proportional hazards regression
models [17]. For this analysis, age at diagnosis was cat-
egorized into groups (18—49, 50-59, 60—69, 70—79, and
80+) and year of diagnosis according to decade. Each level
of these and other categorical variables were input to the
model as indicator variables. Likelihood ratio tests [18]
(compared with the null model) were used to test associ-
ations with survival. For each level of each covariate, the
proportional hazards assumption was assessed using graph-
ical methods (i.e., plots of smoothed scaled Schoenfeld
residuals as a function of follow-up time) and with the
Grambsch—Therneau global test [19].

Each covariate was also included in a multivariate multi-
plicative hazard Poisson regression model that allowed the
hazard ratios for certain covariates to change with time
since diagnosis (i.e., non-proportional hazards) [20]. The
functional forms of time-dependent effects were informed
by the univariate graphical assessments discussed above.

Interactions between covariates were examined. Model
selection was based in part on Akaike’s Information Criterion
[18] together with biologically plausible global constraints
on certain parameter values. As an example of the latter, we
rejected models that predicted mortality rates lower than
those of age- and sex-matched persons in the US general
population [21].

Life expectancies (i.e., mean survival times) from diag-
nosis for various combinations of covariates were calculated
based on the schedule of age-specific mortality rates from
the multivariate model. In brief, the mortality rates at each
age following diagnosis (up to age 109 years) were used as
the inputs to standard actuarial life tables with 1-year inter-
vals, and life expectancies were obtained from the “‘e(x)"”’
column of the resulting life tables [22]. It may be noted that
conditional life expectancies at 1 or 5 years after diagnosis
are also naturally reported in the *‘e(x)’’ column of the same
actuarial life tables. Life expectancies were compared with
those of the age- and sex-specific US general population.

All data management and analyses were completed in SAS
9.4 and R 3.0.

Results

Patient characteristics

Characteristics of the 5287 PNET cases are presented in
Table 1. The mean age at diagnosis was 58 years and 54%
were male. The large majority of cases (95%) were non-
functioning histological types. Some 54% of all cases were
diagnosed as distant stage and surgery was performed in
52% overall. Tumor grade was missing in 56% of cases, but
amongst those with known grade the majority were well-
differentiated grade |I.

Because non-functioning histologies made up the large
majority of cases, the covariate distributions observed
within this subgroup were very similar to the overall distri-
butions noted above. By contrast, persons with functioning
histologies were diagnosed at younger ages (mean 45), were
somewhat less likely to have distant stage cancer (43%), and
were more likely to undergo surgery (56%).

There were a number of significant associations between
cancer stage and other covariates (not shown in Table 1).
For example, amongst cases with non-missing data the pro-
portion of high-grade (Ill—IV) tumors in persons with distant
stage disease was higher than in persons with regional or
localized disease (32% vs. 20% vs. 5%). Conversely, some
57% of high-grade tumors were diagnosed at a distant stage
whereas only 9% were diagnosed at the localized stage. Sur-
gical resection was less likely in persons with distant stage
disease than in those with regional or localized disease (24%
vs. 78% vs. 83%). Similarly, low-grade tumors were more
likely than high-grade tumors to have been treated sur-
gically. The likelihood of surgical resection also declined
with advancing age at diagnosis (P <0.0001). Localized cases
were equally split between men and women (51% male),
while men were slightly over-represented in regional (52%)
and distant (56%) cases. There was no association between
patient age and cancer stage (P=0.12). Finally, there was a
trend toward diagnosis at earlier stages in more recent years
(P<0.0001).
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Table 1  Patient characteristics. All figures are column per-
centages except sample sizes.
Overall PNET
Non- Functioning
functioning

Total sample size 5287 5008 279
Male 54 55 45
Age at diagnosis

18—49 27 27 37

50-59 25 25 22

60—69 25 25 21

70—79 17 17 16

80+ 6 6 4
Race

White 81 81 79

Other 19 19 21
LRD stage

Localized 21 21 24

Regional 20 20 25

Distant 54 55 43

Missing 5 5 8
AJCCSummary stage

I 13 14 8

Il 11 11 3

1} 2 2 0

\% 19 30 5

Missing 45 43 84
Grade

1 26 26 19

2 9 10

3 7 7 1

4 2 2 1

Missing 56 55 73
Surgery

Yes 52 53 56

No 46 46 42

Missing 2 1 2
Year of diagnosis

1973-79 3 3 3

1980—89 5 5 15

1990—99 12 12 26

2000—-09 46 46 40

2010—-13 33 34 16

PNET: pancreatic neuroendocrine tumors; LRD: localized,
regional, distant.

Empirical survival by histology

Empirical estimates of median survival time and probabil-
ities of survival to 1, 5, and 10 years after diagnosis by
histology are shown in Table 2. As can be seen, the over-
all/unadjusted median survival from diagnosis of PNET was
4.1 additional years (95% Cl: 3.9—4.4). This is consider-
ably longer than the 6-month median for the more common
pancreatic adenocarcinoma (log rank P<0.0001). Survival
was significantly longer for functioning PNET than for non-
functioning (median of 7.3 vs. 4.0; log rank P=0.0002).
Sample sizes were too small to make meaningful inferences

regarding differences in survival according to specific func-
tioning PNET subtype (e.g., insulinomas vs. glucagonomas
vs. gastrinomas).

Median survival times of 1-year survivors were markedly
higher than those from time of diagnosis. For PNET overall,
this was 5.9 additional years (95% Cl: 5.4—6.3) or equiva-
lently 6.9 years from the time of diagnosis (cf. 4.1). The
statistically significant differences in survival by histologic
type noted above were still apparent in 1-year survivors.

Median survival of 5-year survivors was longer still,
namely 9.8 additional years (95% Cl: 8.7—10.4) for PNET
overall; equivalently, this is 14.8years from the time of
diagnosis. The 5-year conditional survival was similar for
both functioning and non-functioning (median 9.6 vs 10.2;
log rank P=0.198). These were significantly longer than the
corresponding conditional median survival for exocrine ade-
nocarcinoma (7.4; log rank P<0.0001).

Univariate analyses of covariates on survival

All covariates considered here had statistically significant
univariate associations with survival time (Table 3). The
largest unadjusted hazard ratios (HR) were those related
to cancer stage and tumor grade. For example, unadjusted
mortality rates for distant stage disease were 6.5 (95%
Cl: 5.6—7.5) times those for localized disease. The HR for
grade IV versus grade | tumors was 6.2 (95% Cl: 4.9—7.8).
Surgery was associated with a univariate HR of 0.2 (95% Cl:
0.2—-0.3). As would be expected, mortality rates increased
with advancing age. Men had slightly higher mortality than
women (HR=1.1, 95% ClI: 1.0—1.2), and whites slightly
higher than other races (HR=1.1, 95% Cl: 1.0—1.2).

Multivariate modeling

The multivariate modeling exercise confirmed that most of
the univariate associations remained statistically significant
after adjustment for other covariates. One exception was
race; this covariate was therefore dropped from the model.
In order to capture the time-dependent effects of many
of the covariates, the data were converted from a wide
to long time-dependent format and mortality rates were
thus modeled as an explicit function of time since diagnosis
and its interactions with other covariates (e.g., age, stage,
grade, histology, surgery, and calendar year). The effects
of current/attained patient age and calendar year were
modeled using time-dependent covariates rather than the
baseline values of age and year at diagnosis. Though equiv-
alent models can be constructed regardless of this choice,
the former was chosen because it resulted in a more parsi-
monious and easily interpretable model. The effects of time
since diagnosis, age, and calendar year were modeled using
linear splines.

The final Poisson regression model (Table 4) included
32 coefficients [an intercept, 15 main effect terms (of
which 9 were linear spline functions of time since diag-
nosis, age, and calendar year), 6 interaction effect terms,
and 10 time-dependent effects]; the AIC (based on the Pois-
son likelihood function) was 19,620. Due to the complexity
of the model, merely reporting the magnitude of the haz-
ard ratios for the main terms is not sufficient to explain
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Table 2 Kaplan—Meier (unadjusted) survival and conditional survival by histology.

Group Persons Median additional years (95% Cl) 1-year 5-year 10-year
From time of diagnosis
AUl PNET 5287 4.1 (3.9-4.4) 77% 46% 31%
Non-functioning 5008 4.0 (3.8—4.3) 76% 45% 29%
Functioning 279 7.3 (5.6—10.7) 88% 60% 46%
Exocrine adenocarcinoma 87,136 0.5 (0.5-0.5) 27% 4% 3%
For 1-year survivors
ALl PNET 3695 5.9 (5.4—6.3) 100% 60% 40%
Non-functioning 3460 5.8 (5.3—6.2) 100% 59% 38%
Functioning 235 9.4 (6.9—11.4) 100% 68% 52%
Exocrine adenocarcinoma 21,757 0.7 (0.7—-0.8) 100% 16% 10%
For 5-year survivors
All PNET 1366 9.8 (8.7—10.4) 100% 100% 67%
Non-functioning 1237 9.6 (8.4—10.4) 100% 100% 65%
Functioning 129 10.3 (7.5—18.4) 100% 100% 77%
Exocrine adenocarcinoma 2325 7.4 (6.9-8.3) 100% 100% 60%
PNET: pancreatic neuroendocrine tumors.
the fully adjusted effects of the covariates on mortality, 100% —~ General Popuiation
which were entirely consistent with those found in the uni- R S el
variate analyses. For example, distant stage cancers with N~ — Worst case
high-grade tumors were associated with much shorter sur- 80% % RS
vival than localized well-differentiated low-grade tumors. Y
Similarly, surgery remained a marker for longer survival even \\‘ ‘\\
with multivariate adjustment for stage, grade, and other 60% — \ X
factors. T .
Examination of interactions between covariates indi- g \\ %
cated that relative differences in mortality rates were % - \\ &
generally greater amongst lower risk groups than in higher N %
risk groups. For example, the female sex advantage (univer- h N
sally found in the general population) was only apparent in 20% - 7 \
persons with well-differentiated tumors, i.e., of grades | or \-\\ %
I. Similarly the relative increase in mortality with advancing \‘\: %
age was greater in persons with localized disease and was 0% — b
smaller in persons with distant disease, likely reflecting the T I T I T
fact that mortality rates in distant stage disease are already 0 10 20 30 40
quite high even at young ages. Finally, the interaction term Years From Diagnosis
for distant stage cancers and high-grade tumors indicated
somewhat lower mortality than would be expected under a ~ Figure 1 Survival curves for 60-year-old men with non-

multiplicative main terms model.

Survival improved over the study period: on average mor-
tality rates fell by 2.7% per year from 1970—1989, increased
by about 3.4% per year during years 1990—1999 and then
decreased again by 2.6% from 2000 to 2013. Overall, mor-
tality fell by 1.2% per year over the study period.

Survival curves and life expectancies for particular
patterns of covariates

Using the final multivariate model, period survival curves
and life expectancies keyed to calendar year 2013, which is
most recent year represented in the SEER national database,
were computed. Fig. 1 provides fitted survival curves for 60-
year-old men with non-functioning tumors; this includes a
“*best case’’ (specific to localized stage, grade | or Il, treated
surgically), and a ‘‘worst case’’ (distant stage, grade Ill or
IV, not treated surgically). Fig. 1 also compares these curves

functioning pancreatic neuroendocrine tumors (PNET). General
population: median survival time 23years; life expectancy
22. Best case: localized stage, low-grade, surgical resection;
median 16 years, life expectancy 17. Worst case: distant stage,
high-grade, no surgical resection; median survival < 1 year; life
expectancy 1.

with the empirical survival for 60-year-old men in the US
general population [21,22].

Tables 5a and 5b provide life expectancies from time of
diagnosis and also at 1- and 5-years post-diagnosis for men
and women, respectively. For example, in males age 50 with
localized stage, grades I—IlI, non-functioning, treated sur-
gically, the life expectancy is approximately 23 additional
years, a reduction of 7 years from normal. For those cur-
rently aged 50, but who had survived 1year post-diagnosis
(having been diagnosed at age 49), the life expectancy is
also 23 additional years. For those also age 50, but who had
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Table 3 Univariate hazard ratios (HR) from Cox propor-
tional hazards (PH) regression models.

Covariate HR P Violation of PH?
Male 1.1 0.0006 No
White 1.1 0.2558 No
Age Yes
18—49 ref —
50—59 1.2 0.0001
60—69 1.7 <0.0001
70—79 2.3 <0.0001
80+ 3.6 <0.0001
Stage (LRD) Yes
Localized ref =
Regional 2.3 <0.0001
Distant 6.5 <0.0001
Missing 3.4 <0.0001
Stage (AJCC) — Yes
AJCC I ref <0.0001
AJCC I 2.3 <0.0001
AJCC il 6.1 <0.0001
AJCC IV 10.0  <0.0001
Missing 6.1
Grade = Yes
I ref <0.0001
Il 1.8 <0.0001
11 5.3 <0.0001
v 6.2 <0.0001
Missing 2.9
Histology — Yes
Non-functioning ref <0.0001
PNET: functioning 0.7
Surgery — Yes
No ref <0.0001
Yes 0.2 0.0016
Missing 0.6
Year of diagnosis — Yes
1973—-79 ref 0.3397
1980—89 0.9 0.1124
199099 0.7 <0.0001
2000—09 0.6 <0.0001
2010—13 0.5 <0.0001

PNET: pancreatic neuroendocrine tumors; LRD: localized,
regional, distant.

survived 5 years post-diagnosis (diagnosed at age 45), the
life expectancy is 23 additional years.

By contrast, the difference between life expectancy
of newly diagnosed patients and the conditional life
expectancy of 1- and 5-year survivors is striking for the
more unfavourable cases. Consider males age 50 with non-
functioning PNET, distant metastasis, no surgery. For those
recently diagnosed the life expectancy is 6 years, but the
fraction who survive 1year post-diagnosis have a higher life
expectancy, 7 years, and those who have survived 5 years
have a higher still, 10 years.

As can be seen, even the most favorable cases —i.e.,
localized well-differentiated tumors that are amenable to
surgical resection— are still associated with a 6—8year
reduction from the general population life expectancy at

age 50 and a 2—3-year reduction at age 70. As might be
expected, the most unfavourable cases —i.e., metastatic
high-grade tumors that are not amenable to surgery — are
associated with life expectancies of only 2—4 years if diag-
nosed at age 50 and only 1—2 years if diagnosed at age
70.

Discussion

As would be expected, we found PNET to be associated
with reduced life expectancy, with an overall empirical
median survival time of 4.1years from diagnosis. Though
this is considerably lower than the median survival time
for persons of similar age and sex in US the general pop-
ulation, it is roughly 8 times longer than the 6-month
median survival time for the more common pancreatic
adenocarcinomas.

The present study indicates that survival prognosis varies
dramatically according to patient characteristics, ranging
from about 1year in a 70-year-old with a recent diagnosis
of high-grade metastatic cancer to 26—27 additional years
for a 50-year-old woman with a recent diagnosis of localized
low-grade cancer treated surgically.

The relatively high life expectancies for persons with
localized disease that is amenable to surgery underscore the
importance of early detection. Unfortunately, such favor-
able cases were the minority. In the present study, roughly
75% of cases were diagnosed only after significant cancer
spread (i.e., regional or distant stage) and only about 50%
overall were treated surgically. The data did, however, indi-
cate a trend towards earlier detection in more recent years,
which may well lead to longer survival in patients with PNETs
overall.

Conversely, it should be recognized that even the most
favorable combinations of risk factors considered here
were still associated with some reduction from normal
life expectancy when diagnosed in relatively young adults.
The reduction was some 7—8years in 50-year-old men and
women but was only 2—3 years at age 70. Equivalently, these
figures are about 80% of the normal age- and sex-specific US
general population life expectancies.

The prognoses for persons with unfavorable risk factors
—i.e., distant stage, high-grade, not amenable to surgery —
was much poorer, with life expectancies on the order of
1—4 years from diagnosis depending on patient age. How-
ever, the conditional life expectancies of 5-year survivors
in these same groups were 5 to 10 additional years, which
again indicates that the excess mortality risk decreases
with time. This almost certainly reflects the healthy sur-
vivor effect, but whether it can be attributable to a
particular fraction of ‘‘cured’’ patients cannot be deter-
mined from the SEER data, which unfortunately does not
collect well-documented follow-up data on remission or
recurrence.

The life expectancies reported here are necessarily
based on and subject to the predictive performance of the
multivariate model. The inferences from this model are con-
sistent with the those presented in the seminal work of
Fesinmeyer et al. [2] and other more recent studies from
Halfdanarson et al. [4,5], Yao et al. [3], and Keutgen et al.
[8,9]. The estimates from the present study, however, are
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Table 4 Multiplicative hazard Poisson regression model.

Covariate Coefficient HR P
Intercept —4.466 — <0.0001
Linear spline terms
Years since diagnosis 0.484 1.623 0.0119
Linear spline at year 1 —0.504 0.604 0.0119
Linear spline at year 5 —0.070 0.932 0.0848
Linear spline at year 10 0.029 1.029 0.4767
Age-18 (years) 0.027 1.027 0.0002
Linear spline at age 55 0.024 1.024 <0.0001
Calendar year-1973 —0.027 0.973 0.0058
Linear spline at year 1990 0.034 1.034 0.0454
Linear spline at year 2000 —0.026 0.974 0.0365
Other main effect terms
Functioning PNET —0.032 0.969 0.8565
Regional stage 1.980 7.241 <0.0001
Distant stage 2.843 17.174 <0.0001
Unknown stage 1.636 5.133 0.0032
Surgical resection —0.004 0.996 0.9887
Unknown surgical status —0.520 0.594 0.4478
Interaction effect terms
Age x Regional stage —0.023 0.978 0.0004
Age x Distant stage —0.030 0.971 <0.0001
Age x Unknown stage —0.013 0.987 0.0905
Age x Surgical resection 0.004 1.004 0.3058
Male x Low-grade 0.280 1.323 0.0014
Distant stage x High-grade —0.194 0.823 0.1396
Time-dependent effects
Age x Years since diagnosis < 1 0.013 1.013 <0.0001
Age x Years since diagnosis; linear spline beyond year 2 0.000 1.000 0.3394
Functioning PNET; linear spline up to year 10 —0.037 0.963 0.1148
Regional stage; linear spline up to year 10 0.046 1.047 0.0585
Distant stage; linear spline up to year 10 0.067 1.069 0.0066
Unknown stage; linear spline up to year 10 0.000 1.000 0.9967
High-grade; linear spline up to year 15 0.103 1.108 <0.0001
Unknown-grade; linear spline up to year 15 0.035 1.035 <0.0001
Surgical resection; linear spline up to year 15 —0.093 0.911 <0.0001
Unknown surgical status; linear spline up to year 15 0.025 1.025 0.6303

PNET: pancreatic neuroendocrine tumors.

likely to be considerably more precise in light of the much
larger and more recent sample. Further, our use of more
sophisticated statistical modeling techniques allowed us to
estimate survival for much more refined risk strata and
to consider possible interactions of covariates and time-
dependent effects.

As discussed above, adverse risk factors included older
age, more advanced cancer stage, and higher tumor grade.
Surgical resection, which is the gold standard treatment in
pancreatic cancer generally, was a strong positive factor
for survival. However, the differences in life expectancy by
surgical treatment status in the present study must not be
interpreted as pure causal effects, as our analysis suggested
surgically treated patients are subject to some healthy
selection bias [9]. Persons who do not receive surgery may
well have additional health risks that would compromise
their ability to undergo surgery or may have tumors in spe-
cific locations that are not amenable to surgical resection

[9]. Race was not a significant factor after adjustment for
these, which suggests that any apparent differences accord-
ing to race may largely be attributable to the timing of
detection. Similarly, functioning versus non-functioning had
similar survival. The small but significant survival advan-
tage for functional PNETs during the first few years after
diagnosis may be partially explained by earlier detection
following symptoms associated with changes in hormone
production.

Our analysis appears to be the first to examine trends in
survival across calendar years. We found that overall (i.e.,
unadjusted for other factors) mortality declined by 1.6%
per year, equivalent to a 48% total reduction from 1973 to
2013. This appears to be at least partially explained by a
trend towards detection and diagnosis of PNET at earlier
stages. After adjustment for covariates, including cancer
stage, the trend was still significant but was modestly atten-
uated to an average improvement of only 1.2% per year or
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Table 5a Life expectancies for men with pancreatic neuroendocrine cancer, 2013. The three figures in each cell are for persons
of the stated age at one of three times: recently diagnosed/1-year survivor/5-year survivor.

Age GP Grades 1-2

Non-functioning PNET Functioning PNET

Localized Regional Distant Localized Regional Distant
502 30 23/23/23 16/16/16 11/11/12 24/24/23 18/18/17 13/13/12
552 26 20/20/19 15/15/14 10/10/10 21/20/20 16/16/15 12/12/11
60° 22 17/17/16 13/13/13 9/9/9 18/18/17 14/14/13 11/11/10
65° 18 15/14/14 11/11/11 8/8/8 15/15/14 13/12/11 10/10/9
702 15 12/12/11 10/10/9 7/817 13/13/12 11/11/10 9/9/8
50° 30 21/21/23 12/12/15 6/7/10 22/23/24 14/14/16 8/9/11
55° 26 18/18/19 10/11/13 5/6/9 19/19/20 12/13/14 7/8/10
60° 22 14/15/16 8/9/11 5/5/8 16/16/17 10/11/12 6/7/8
65P 18 12/12/13 7/8/10 4/5/7 13/13/14 9/9/10 5/6/7
70P 15 9/10/11 6/7/8 3/4/6 11/11/11 7/8/9 5/5/6
Age GP Grades 3—4

Non-functioning PNET Functioning PNET

Localized Regional Distant Localized Regional Distant
502 30 21/21/23 11/12/16 8/9/12 22/23/24 14/14/17 10/11/13
55¢ 26 17/18/19 10/11/13 7/8/11 19/19/20 12/12/14 9/9/12
60?2 22 14/15/16 8/9/11 6/6/9 16/16/17 10/11/12 7/8/10
65° 18 11/12/13 7/7/9 5/5/8 13/13/14 8/9/10 6/7/9
7072 15 9/9/10 5/6/8 4/5/7 10/11/11 7/8/9 5/6/7
50° 30 15/17/22 4/6/13 2/3/9 18/19/23 7/8/14 4/5/10
55° 26 12/13/18 4/5/11 2/3/8 14/15/19 6/7/12 3/4/9
60° 22 9/10/14 3/4/9 2/2/7 11/12/15 4/6/10 3/4/8
65P 18 6/7/11 2/3/7 1/2/5 8/9/12 3/5/8 2/3/6
70P 15 4/5/9 2/3/6 1/2/5 6/7/9 3/4/7 2/3/5
PNET: pancreatic neuroendocrine tumors.

a Surgery.
b No surgery.
a 38% total reduction from 1973 to 2013. The latter can be Limitations

interpreted as trends in mortality independent of changes in
the patient mix. These undoubtedly partially reflect broader
trends of improvement in the general population during the
same period, but it is conceivable that advances in medical
treatments are responsible for many of the gains. Unfortu-
nately SEER does not contain detailed data on the use of
chemotherapy and we therefore cannot test this hypothesis
directly.

The present work also appears to be the first to report
life expectancies (average survival times) in PNET calculated
over the lifetime. Other studies have reported 5-, 10-, or
even 20-year survival probabilities, but not life expectan-
cies. Nor have prior works reported the associated survival
figures for persons in the general population, so that com-
parisons could be made. Finally, this is the first study, to
our knowledge, to report survival for those who have sur-
vived 1 or 5 years post-diagnosis. The latter is especially of
interest to the ever-increasing number of patients who have
had successful initial treatment, and are thus interested in
long-term planning.

The use of SEER’s localized, regional, distant (LRD) staging
classification is crude by comparison with the more refined
AJCC staging systems based on TNM, and more recent WHO
2010 and 2017 divisions (PNET G1, G2, NEC). We chose
to work with the simpler LRD system for three reasons.
Firstly, it was much more complete (i.e., only 5% miss-
ing cf. AJCC 45% cf. no data in SEER using WHO 2017).
Secondly, it allowed for a consistent staging classification,
which is important when assessing trends in survival over
time. Thirdly, the AJCC staging criteria for PNETs changed
significantly from the 6th to 7th editions, making interpre-
tation of results more complex. Finally, by using an older
historical measure we obtained longer follow-up, which was
necessary for the detailed calculations performed here;
notably, we require a sufficient sample size of 5-year sur-
vivors in order to assess their subsequent life expectancy,
and also long-term follow-up to fully capture the delayed
excess mortality risk due to either recurrence or the sequel-
lae of treatment.
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Table 5b Life expectancies for women with pancreatic neuroendocrine cancer, 2013. The three figures in each cell are for
persons of the stated age at one of three times: recently diagnosed/1-year survivor/5-year survivor.

Age GP Grades 1-2

Non-functioning PNET Functioning PNET

Localized Regional Distant Localized Regional Distant
502 34 26/26/26 20/20/20 14/14/14 27/27/26 21/21/20 16/16/15
552 29 23/22/22 17/17/17 13/13/13 23/23/23 19/19/18 14/14/14
60° 25 19/19/19 15/15/15 11/12/12 20/20/19 17/16/16 13/13/12
65° 21 17/17/16 14/14/13 10/10/10 18/17/16 15/15/14 12/12/11
702 17 14/14/13 12/12/11 9/9/9 15/15/14 13/13/12 10/10/10
50° 34 24/25/26 15/16/19 9/10/13 26/26/27 17/18/20 11/12/14
55° 29 21/21/22 13/14/17 8/9/12 22/22/23 15/16/17 10/10/13
60° 25 17/18/19 11/12/14 7/8/10 19/19/19 13/14/15 8/9/11
65° 21 14/15/16 9/10/12 6/7/9 16/16/16 11/12/13 7/8/10
70° 17 11/12/13 8/9/10 5/6/8 13/13/13 10/10/11 6/7/8
Age GP Grades 3—4

Non-functioning PNET Functioning PNET

Localized Regional Distant Localized Regional Distant
502 34 21/22/24 12/13/16 8/9/12 23/23/24 14/14/17 10/11/13
552 29 18/18/20 10/11/14 7/8/11 19/19/20 12/13/14 9/9/12
602 25 14/15/16 8/9/11 6/6/9 16/16/17 10/11/12 7/8/10
65° 21 11/12/13 7/7/10 5/6/8 13/13/14 8/9/10 6/7/9
70° 17 9/9/10 5/6/8 4/5/7 10/11/11 7/8/9 5/6/7
50° 34 15/17/22 5/6/13 2/3/9 18/19/23 7/8/14 4/5/10
55° 29 12/14/19 4/5/11 2/3/8 14/16/20 6/7/12 3/4/9
60° 25 9/10/15 3/4/9 2/2/7 11/12/16 4/6/10 3/4/8
65° 21 6/8/12 2/3/7 1/2/6 8/9/12 3/5/8 2/3/6
70° 17 4/6/9 2/3/6 1/2/5 6/7/10 3/4/7 2/3/5
PNET: pancreatic neuroendocrine tumors.
a Surgery.

b No surgery.

As noted previously, SEER does not contain direct infor-
mation on patient symptoms and our analysis therefore
could not examine whether tumor-related symptoms were
associated with patient survival. Our classification of PNETs
by histological type followed the same classifications used
in earlier work [8,9]. Indeed, while certain symptoms are
characteristic of specific functional histological types (e.g.,
hypoglycemia caused by insulinoma), such symptoms are not
universal. Similarly, non-functional types may either present
with or without symptoms such as diarrhea, indigestion, or
abdominal pain. While our analyses indicated short-term
survival of persons with functional histological types was
somewhat better that that of persons with non-functional
types, further research is necessary to elucidate how the
presence of symptoms might affect time to detection and
subsequent survival.

A further limitation of the present work is that strati-
fication by treatment was limited to surgery and did not
include the use of radiation or chemotherapy, the latter of
which has only recently been introduced to SEER. Finally,
the estimates of conditional life expectancy of 1- and 5-

year survivors do not specifically account for long-term
status in remission or cancer recurrence; this is an inher-
ent limitation of the SEER database, which unfortunately
does not include clinical follow-up data. Instead, our con-
ditional life expectancy estimates serve as a broad guide
to survival typical at 1 and 5 years after diagnosis. The
conditional estimates are pessimistic for persons known to
be in remission and optimistic for those whose cancer has
recurred. For some patients with favorable characteristics
at diagnosis and who are known to have been in continu-
ous remission up to 5-years post-diagnosis and treatment,
life expectancy may well be near normal, though the data
are not sufficient to estimate this precisely. Indeed, fur-
ther research that utilizes clinical follow-up data to assess
these issues would be valuable for the continually growing
population of cancer survivors. We hope that the results pre-
sented, especially life expectancies and conditional survival
figures, while possibly crude and dated, will nevertheless
encourage future researchers to use contemporary clini-
cal distinctions to produce updated figures in the years
to come.
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Conclusion

Life expectancies of patients with pancreatic neuroen-
docrine tumors are generally lower than general population
figures, but even in the worst cases their prognoses remain
significantly better than that of patients with the more
common pancreatic adenocarcinomas. In some very favor-
able cases, the life expectancy is near-normal, especially
amongst 1- and 5-year survivors. These results underscore
the importance of early detection and treatment in improv-
ing outcomes overall.
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