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Abstract
Background: During the past 2 decades, numerous clinical trials have focused on improving outcomes in patients with metastatic pancreatic 
cancer (mPDAC). The efficacy of new treatments has been demonstrated among highly selected patients in randomized phase III trials; 
hence, it is not clear to what extent these advances are reflected within the broader mPDAC population. Materials and Methods: Survival 
statistics were extracted from the SEER database for patients diagnosed with mPDAC between 1993 and 2013. Survival was analyzed using 
the Kaplan-Meier method and proportional hazard models. Results: The study population consisted of 57,263 patients diagnosed with  
mPDAC between 1993 and 2013; 52% were male, with a median age of 69 years (range, 15–104). Superior prognosis correlated with 
younger age, being married, tumor located within the head of the pancreas, lower grade disease, and more recent year of diagnosis. Me-
dian overall survival (OS) remained stable at 2 months between 1993 and 2013. Improvements in OS were seen for younger patients (age 
<50 years) and those with a more recent year of diagnosis (2009–2013). The percentage of patients who died within 2 months of initial 
diagnosis decreased between 1993 and 2013 (from 63.5% to 50.6%; P<.0001). The percentage of patients surviving ≥12 months improved 
from 4.9% in 1993 to 12.7% in 2013 (P<.0001). Conclusions: In recent years a modest improvement in OS has been seen among younger 
patients with mPDAC. The percentage of patients living beyond 1 year has significantly increased over time; however, the percentage of 
those dying within 2 months remains substantial.
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Background
In recent years, substantial advances in the diagnosis 
and treatment of cancer have increased survival rates 
for most cancers. Despite this progress, death rates for 
pancreatic cancer (PDAC), the fourth-leading cause of 
cancer death among men and women, are continuing to 
increase, and the current 5-year relative survival rate is 
only 8%.1 These low survival rates are partly explained 
by the fact that >50% of cases are diagnosed at a late 
stage, for which the 5-year survival rate is a dismal 2%.

Through the 1990s, 5-fluorouracil (5FU) was 
the principal treatment option for metastatic PDAC  
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(mPDAC), achieving a median overall survival (OS) of 
6 months.2 In 1997, Burris et al3 demonstrated the superi-
ority of gemcitabine over 5FU in achieving clinical ben-
efit, improving median OS, and increasing the survival 
rate at 12 months from 2% to 18%. After this landmark 
study, numerous studies of doublet chemotherapy and 
biologic therapies were tested, yet failed to demonstrate 
a significant benefit in OS over gemcitabine monother-
apy, until recently. In 2011 and 2013, progress was made 
with the publication of the PRODIGE 4/ACCORD 114 
and MPACT5 studies, showing survival benefits for FOL-
FIRINOX and gemcitabine/nab-paclitaxel, respectively, 



© JNCCN—Journal of the National Comprehensive Cancer Network | Volume 15   Number 8 | August 2017

Original Research

Early Mortality in Metastatic PDAC

1023

compared with gemcitabine monotherapy. Important-
ly, FOLFIRINOX achieved an unprecedented 11.1 
months OS with a 48.4% 1-year survival rate, while 
notably excluding patients aged >75 years or with an 
ECOG performance status (PS) >14; the mean age at 
mPDAC diagnosis in the United States is 68 years.6 
In one recent study, 34% of patients with mPDAC 
had an ECOG PS of 2 to 4 at presentation.7 Thus, the 
impact of these advances on the general population of 
patients with mPDAC, as opposed to a clinical trial 
population, may still be limited. Furthermore, addi-
tional medical advances have been introduced within 
the past 2 decades, including active supportive care 
interventions, multidisciplinary tumor boards, and 
more accurate imaging modalities.

The SEER database has served as an important 
resource for the study of trends in PDAC mortality. 
Although most studies have described general popu-
lation trends,8,9 analyses of relative survival have gen-
erally focused on long-term survivors by limiting for 
age10 or excluding short-term survivors.6 The present 
study aims to investigate OS in mPDAC over 2 de-

cades, focusing on patients at both extremes of the 
survival spectrum.

Materials and Methods
This study used data from the 18 registries compris-
ing the SEER database11 (Atlanta, Connecticut, 
Detroit, Hawaii, Iowa, New Mexico, San Francisco-
Oakland, Seattle-Puget Sound, Utah, Alaska Native 
Tumor Registry, San Jose-Monterey, Los Angeles, 
rural Georgia, greater California, Kentucky, Loui-
siana, New Jersey, and greater Georgia). Of note, 
5 of these registries were added in 2000 (greater 
California, Kentucky, Louisiana, greater Georgia, 
and New Jersey). Inclusion criteria was mPDAC 
diagnosed between 1993 and 2013. Histology codes 
included 8000 (malignant neoplasm), 8010 (carci-
noma not otherwise specified [NOS]), 8140 (adeno-
carcinoma NOS), 8480 (mucinous carcinoma/ad-
enocarcinoma), 8481 (mucin-producing carcinoma/ 
adenocarcinoma), and 8500 (ductal adenocarcinoma/ 
carcinoma). Primary PDAC was identified according 

Table 1. Baseline Demographic Characteristics
Entire 

Population 1993–1997 1998–2002 2003–2008 2009–2013

P ValueaN % n % n % n % n %

Total 57,263 – 5,888 10.28 11,316 19.76 20,226 35.3 19,833 34.63 –

Median age (SD), y 69 (12.28) 70 (12.16) 70 (12.41) 69 (12.4) 68 (12.08) NS

Male 29,523 0.52 2,986 0.51 5,769 0.51 10,403 0.5 10,365 0.52 NS

Race <.0005

White 45,411 79.30 4,655 79.06 9,080 80.24 16,111 79.7 15,565 78.48

Black 7,448 13.01 771 13.09 1,456 12.87 2,602 12.9 2,619 13.21

Asian/Pacific Islander 3,926 6.86 427 7.25 702 6.20 1,337 6.6 1,460 7.36

Other 478 0.83 35 0.59 78 0.69 176 0.9 189 0.95

Married 30,615 0.55 3,228 0.56 6,139 0.56 10,945 0.6 10,303 0.54 <.005

Tumor location <.001

Head 20,725 36.19 2,259 38.37 4,182 36.96 7,423 36.7 6,861 34.59

Body 7,215 12.60 525 8.92 1,102 9.74 2,560 12.7 3,028 15.27

Tail 9,986 17.44 833 14.15 1,736 15.34 3,456 17.1 3,961 19.97

Other/Unknown 19,337 33.77 2,271 38.57 4,296 37.96 6,787 33.6 5,983 30.17

Gradeb <.001

Well differentiated 1,219 8.63 244 9.38 277 8.33 420 9.4 278 7.43

Moderately differentiated 4,873 34.49 815 31.35 1,112 33.45 1,544 34.6 1,402 37.49

Poorly differentiated 7,659 54.21 1,460 56.15 1,837 55.26 2,380 53.3 1,982 52.99

Undifferentiated 378 2.68 81 3.12 98 2.95 121 2.7 78 2.09

Abbreviation: NS, not significant. 
aP values correspond to the distribution of covariants across the different time periods.
bThose with unknown grade were excluded from the table.
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to ICD-0-3 codes C25.0 (head of pancreas), C25.1 
(body of pancreas), C25.2 (tail of pancreas), C25.3 
(pancreatic duct), C25.7 (other specified parts of 
pancreas), C25.8 (overlapping lesions of pancreas), 
and C25.9 (pancreas NOS). Exclusion criteria were 
stage I–III disease, unknown or rare histologies, neu-
roendocrine tumors, and tumors located in the islet 
of Langerhans. Additionally, those diagnosed at au-
topsy were excluded. Data extracted included pa-
tient demographics, tumor grade, primary site, year 
of diagnosis, and survival until death or follow-up as 
of December 31, 2013. 

For the purposes of descriptive analysis (but not 
survival analysis), continuous variables (eg, age and 
year at diagnosis) were converted into categorical 
variables. Statistical analyses were performed using 
the Stata statistical package, version IC 11.1 (Stata, 
College Station, TX). Chi-square tests were used to 
assess associations between categorical variables. OS 
was defined from the time of initial diagnosis to the 
date of death, and was calculated using the Kaplan-
Meier method. In the SEER database, survival is  
reported as complete months and rounded down to 
the nearest month; therefore, patients with survival 

<30.4 days are listed as having survival of 0 months. 
To ensure that these patients were included in the 
analysis, those coded in the SEER data set as having 
a survival time of 0 were reassigned a survival time of 
half a month.12 The effects of demographic, patholog-
ic tumor grade, primary tumor site, and age variables 
on survival were tested with a Cox univariate analysis. 
Multivariate analysis was performed with a Cox pro-
portional hazard model. All P values were 2-sided, and 
P<.05 was considered statistically significant.

Results 
A total of 207,597 patients with PDAC were identi-
fied through the database, updated through Decem-
ber 31, 2013. Subjects were excluded if they were 
diagnosed before 1993 (n=44,204), had multiple 
malignancies (n=27,061), were diagnosed at autopsy 
(n=4,483), had stage I–III disease (n=52,236), had 
unknown stage (n=17,648), or possessed rare his-
tologies or neuroendocrine tumors (n=4,702), leav-
ing 57,263 patients who presented with mPDAC  
between 1993 and 2013. 

The proportion of patients that were diagnosed 
with mPDAC during this period has remained stable 
(54.9% in 1993 vs 53.7% in 2013).

Demographic characteristics are presented in 
Table 1. Median age at diagnosis for the study popu-
lation was 69 years, 52% were men, and 79.3% were 
Caucasian. The median age at diagnosis between 
years 1993 to 2013 decreased from 70 to 68 years. 
The percentage of patients in different age groups 
has varied over the course of the 20 years without 
any consistent trend; for instance, the percentage of 
patients diagnosed aged <50 years has decreased from 
8.4% to 5.1%, whereas the percentage of patients 
aged >84 years has increased from 5.25% to 8.4%. 
Of those with a documented grade, 43.1% were well 
to moderately differentiated and 56.9% were poorly 
or undifferentiated. Median OS of the entire meta-
static population was 2 months and has not changed 
in the 2 decades studied. Nonetheless, the hazard ra-
tio (HR) for risk of death has shown a consistent and 
statistically significant improvement from 1993 to 
2013 (HR for death was 0.71 in 2013 vs 1993; 95% 
CI, 0.66–0.76; P<.001; Table 2). It appears that the 
prognosis has improved principally among younger 
patients, especially those aged <50 years, but not 
among older patients (age ≥85 years) (Figure 1); 

Table 2.  Univariate Analysis of HR for Death

Year of Diagnosis HR P Value 95% CI

1993 Ref

1994 1.00 .99 0.92 1.08

1995 1.03 .54 0.95 1.11

1996 0.95 .23 0.88 1.03

1997 0.94 .14 0.87 1.02

1998 0.90 .012 0.83 0.98

1999 0.90 .013 0.83 0.98

2000 0.89 .001 0.83 0.95

2001 0.88 <.001 0.82 0.94

2002 0.85 <.001 0.79 0.91

2003 0.87 <.001 0.82 0.94

2004 0.83 <.001 0.78 0.89

2005 0.81 <.001 0.76 0.87

2006 0.82 <.001 0.77 0.88

2007 0.81 <.001 0.76 0.86

2008 0.77 <.001 0.72 0.82

2009 0.77 <.001 0.72 0.82

2010 0.79 <.001 0.74 0.85

2011 0.74 <.001 0.70 0.79

2012 0.73 <.001 0.68 0.78

2013 0.71 <.001 0.66 0.76

Abbreviation: HR, hazard ratio.
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however, the percentage of younger patients has de-
creased (supplemental eTable 1, available with this 
article at JNCCN.org). The proportion of patients 
with survival of <1 month has fluctuated between 
16.8% and 24.1% over time, with no specific trend 
(supplemental eTable 2). 

On univariate analysis, multiple factors were as-
sociated with OS (Table 3). On multivariate regres-
sion analysis incorporating age, marital status, tumor 
location, tumor grade, and year of diagnosis, all vari-
ables remained significantly associated with OS (Ta-
ble 3). The SEER database expanded in 2000; how-
ever, OS trends are similar in both the original and 
newly added registries despite slight differences in 
the ethnic racial composition (supplemental eTables 
3 and 4). A sensitivity analysis was performed by re-
assigning those with missing stage data (MX) as stage 
IV disease (supplemental eTable 5). Again, no dif-
ference in OS was observed over the course of study 
period (supplemental eTable 6). In approximately 
one-third of patients, the sublocation of the tumor 
was unknown; therefore, an additional sensitivity 
analysis was performed by excluding these patients, 
which demonstrated a modest improvement in me-
dian survival, from 2 to 3 months, during the study 
period (supplemental eTable 7). 

Short- Versus Long-Term Survivors
We defined short-term survivors as patients who die 
within 2 months of initial diagnosis and long-term 

survivors as those who live at least 12 months. The 
percentage of patients identified as short-term sur-
vivors decreased from 63.5% in 1993 to 50.6% in 
2013 (P<.0001). The subgroup of patients achiev-
ing long-term survival increased from 4.9% in 1991 
to 12.7% in 2012 (P<.0001; Figure 2). Long-term 
survivors were more likely to be younger, white or 
Asian/Pacific Islander, and married, and to have a 
lower grade tumor located in the head of pancreas 
(Figure 1; Table 4). 

Discussion
Using a population-based database, this study dem-
onstrates that median OS has not improved among 
patients with newly diagnosed mPDAC during the 
past 20 years. A previous SEER analysis6 showed a 
modest increase in median OS over time. The dis-
crepancy in the results may be due to the different 
analytic methods used. The substantial number of 
patients coded in the SEER data set as having a sur-
vival time of 0 (ie, <1 month) are often excluded 
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Figure 1. Median overall survival, as a function of year of diagnosis, 
stratified by age group.

Table 3.  Analyses of Variables Associated With 
Overall Survival, Cox Model

Variable HR P Value 95% CI

Univariate Analysis

Age 1.019 <.001 1.018 1.020

Married 0.800 <.001 0.786 0.814

Race 0.990 NS 0.977 1.004

Sex 0.998 NS 0.981 1.015

Tumor location

Head 1.000

Body 1.015 NS 0.988 1.044

Tail 1.123 <.001 1.096 1.150

Other/Unknown 1.169 <.001 1.146 1.192

Grade 1.022 <.001 1.019 1.025

Year of diagnosis 0.984 <.001 0.982 0.985

Multivariate Analysis

Age 1.014 <.001 1.013 1.016

Married 0.830 <.001 0.802 0.860

Tumor location

Head 1.000

Body 1.030 NS 0.973 1.090

Tail 1.122 <.001 1.068 1.179

Other/Unknown 1.177 <.001 1.130 1.226

Grade 1.256 <.001 1.225 1.287

Year of diagnosis 0.978 <.001 0.975 0.981

Abbreviations: HR, hazard ratio; NS, not significant.

http://www.jnccn.org/content/15/8/1022/suppl/DC1
http://www.jnccn.org/content/15/8/1022/suppl/DC1
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http://www.jnccn.org/content/15/8/1022/suppl/DC1
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Figure 2. Proportion of patients with metastatic pancreatic cancer, as 
a function of time, who lived <2 months or ≥12 months.

from survival analyses, whereas our analysis includ-
ed them, reassigning them a survival time of half a 
month.12 Importantly, our reported results are com-
parable to 2016 US cancer statistics.1  

Approximately half of the patients diagnosed 
with mPDAC lived <2 months. The SEER data-
base provides no information on the use of systemic 

and palliative therapies, and therefore it is unclear 
whether an oncologist or cancer-specific supportive 
care team attended to these patients. It would ap-
pear that this large subset of patients is underrepre-
sented in clinical trials, likely because they do not 
meet stringent inclusion criteria, including adequate 
organ functioning and good PS. This was demon-
strated in a meta-analysis of phase III clinical trials 
showing that only approximately 20% of patients 
died within 3 months.13 The poor representation of 
these short-term survivors in clinical trials artificially 
improves the reported median OS.

Conversely, our results show that the fraction 
of patients who achieve long-term survival in mP-
DAC has increased during the past 2 decades. In-
cremental improvement has been seen in all age 
groups, but is most significant among younger pa-
tients (<50 years of age). Furthermore, between 
2009 and 2013 there appears to have been a marked 
increase in the percentage of long-term survivors, 
possibly reflecting the introduction of combination 
chemotherapy.

The strengths of our study include the large size 
of the database, with its broad coverage of age ranges 
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Table 4. Demographics of Short- Versus Long-Term Survivors
All OS ≤2 mo OS ≥12 mo

P ValueaN % n % n %

Total 57,263 31,138 54.38 4,557 7.96

Median age (SD), y 69 (12.28) 72 (12.02) 63 (11.56) <.001

Male 57,263 52 31,138 52 4,557 51 NS

Ethnicity <.001

White 45,411 79.30 24,589 78.97 3,672 80.58

Black 7,448 13.01 4,318 13.87 479 10.51

Asian/Pacific Islander 3,926 6.86 1,984 6.37 357 7.83

Other 478 0.83 247 0.79 49 1.08

Married 30,615 55.45 14,950 49.91 2,930 66.47 <.001

Tumor location <.001

Head 20,725 36.19 10,347 33.23 1,887 41.41

Body 7,215 12.60 3,649 11.72 622 13.65

Tail 9,986 17.44 5,784 18.58 735 16.13

Other/Unknown 19,337 33.77 11,358 36.48 1,313 28.81

Grade <.001

Well differentiated 1,219 8.63 416 6.07 229 16.86

Moderately differentiated 4,873 34.49 2,019 29.48 597 43.96

Poorly differentiated 7,659 54.21 4,208 61.45 500 36.82

Undifferentiated 378 2.68 205 2.99 32 2.36

Abbreviations: NS, not significant; OS, overall survival. 
aP value for comparison of short-term survivors (OS ≤2 mo) versus long-term survivors (OS ≥12 mo).
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and ECOG PS, unlike prospective clinical trials or 
retrospective studies based on single-institution ex-
perience. Furthermore, this is a well-validated and 
reliable data set with long-term follow-up.14,15 How-
ever, due to the very large size of the database, sta-
tistically significant associations may not be clini-
cally relevant. We focused our analysis on clinically  
relevant changes. 

The shortcomings of our study include its retro-
spective nature and our inability to assess causative as-
sociations in the trends identified, specifically the lack 
of data regarding systemic and palliative interventions 
that may impact survival outcomes. Therefore, we 
cannot determine the causative factors contributing 

to the improvement in long-term OS, seen in some of 
the subpopulations. Additional databases need to be 
interrogated to address these critical issues. 

Conclusions
Among patients with mPDAC, no improvement in 
median OS has been observed during the past 2 de-
cades. Disturbingly, even in 2013, most patients died 
within 2 months of diagnosis. Clinical studies, spe-
cifically incorporating tissue acquisition, are urgently 
needed to further investigate this substantial patient 
population that has yet to benefit from advances in 
modern medicine. 
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