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 Background: The primary objective of this study was to assess the cumulative incidence of cause-specific mortality (CSM) 
and other causes of mortality (OCM) for patients with metastatic pancreatic duct adenocarcinoma (mPDAC). 
The secondary objective was to calculate the probability of CSM and build a competing risk nomogram to pre-
dict CSM for mPDAC.

 Material/Methods: We identified patients with mPDAC between 2010 and 2015 from the Surveillance, Epidemiology, and End 
Results (SEER) database. We assessed the cumulative incidence function (CIF) for cause-specific mortality and 
other causes of mortality. We used Gray’s test to investigate the differences. The Fine and Gray proportional 
subdistribution hazard model was applied to model CIF. And a competing risk nomogram was built to predict 
the probability of CSM for mPDAC.

 Results: There were 10 527 eligible patients diagnosed with mPDAC from 2010 to 2015 who were included in our for-
mal analysis. The 6-month cumulative incidence of CSM was 60.3% and 5.9% for other causes. Predictors of 
SCM for mPDAC included surgery, age, tumor size, chemotherapy, radiation therapy, bone metastasis, and liver 
metastasis. The nomogram was proven to be well calibrated, and had good model discriminative ability.

 Conclusions: We assessed the CIF of CSM and competing risk mortality in patients with mPDAC using the SEER database. 
The Fine and Gray proportional subdistribution hazard model performance was good, with a concordance in-
dex of 0.74, and the competing-risks nomogram was built, which can be a helpful predictive tool for cases with 
mPDAC. However, a validation sample data set and further verification are still needed to assess a profile for 
prognostic use in a prospective study.
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Background

With substantial advances in diagnosis and treatment, many 
ordinary cancers have achieved steady improvements in sur-
vival rates during the last decades, whereas survival rates re-
main unoptimistic for pancreatic cancer. Pancreatic cancer 
has been the fourth leading cause of cancer-related death in 
America, with its mortality (n=44 330) estimated to approach 
its incidence rate (n=55 440) in 2018 [1]. Owing to the lack of 
effective screening protocols, approximately half of the cases 
of pancreatic cancer present with metastatic disease at diag-
nosis, for which the 5-year survival rate is a dismal 2% [2]. 
Meanwhile, over 85% of pancreatic cancer cases are pancre-
atic duct adenocarcinoma (PDAC) in pathology which unfor-
tunately has the worst prognosis [3].

Because of the disappointing survival rate for metastatic PDAC 
(mPDAC), most published studies have mainly focused on over-
all survival (OS) or cancer-specific survival (CSS) using the 
Kaplan-Meier method and Cox proportional approach [4–6]. 
These traditional statistical approaches ignore other com-
peting events and might lead to unreliable results [7]. Thus, 
it might be necessary to take the competing risks into consid-
eration when evaluating the prognosis of patients with mPDAC.

In this study, we conducted a competing risk analysis to as-
sess the prognosis of mPDAC patients using data from the 
US Surveillance, Epidemiology and End Result (SEER) registry. 
In addition, we built a convenient competing risk nomogram 
to evaluate the probability of mPDAC-specific mortality.

Material and Methods

Data collection and patient selection

Data about patients with metastatic pancreatic adenocarcinoma 
were extracted from the publicly available SEER-18 registry of 
the US National Cancer Institute (1973–2015). Primary can-
cer site and histology were coded by using the International 
Classification of Diseases for Oncology, Third Edition (ICD-O-3). 
The analysis was restricted to pancreatic adenocarcinoma, 
according to the ICD-O-3 histology codes 8140/3 and the site 
codes: C250-C254 and C257-C259.

We limited our study in 2010–2015 as information on dis-
tant metastatic sites is only available for 2010+ diagnoses. 
In addition, only patients who met the following criteria were 
included in the current analysis: 1) older than 30 years at di-
agnosis; 2) clear information available about survival time, 
tumor size, surgery, TNM stage, and metastatic sites; 3) pan-
creatic adenocarcinoma as the first primary tumor if there were 
2 or more. Of the 32 763 adults with metastatic pancreatic 

adenocarcinoma from 2010 to 2015 included into the SEER reg-
istry, 10 527 people were eligible for the present study. As the 
patient information is de-identified in the SEER registry, this 
study was exempted from institutional review board oversight.

Statistical analysis

Considering the influence of tumor characteristics and psy-
chological mentation on prognosis, we presented the cumu-
lative incidence function (CIF) by tumor location, gender, age 
at diagnosis, race, marital status at diagnosis, tumor size, sex, 
radiation therapy, chemotherapy, T classification at presenta-
tion, N classification at presentation, distant metastasis and 
surgery for cause-specific mortality and other causes of mor-
tality (2 competing events). The diversities in CIF among vari-
ables were estimated by using Gray’s test [8]. In addition, we 
made the proportional subdistribution hazard model by Fine 
and Gray to predict cause-specific mortality (CSM) and a com-
peting-risk nomogram to predict prognosis for patients with 
mPDAC [9]. A bootstrap approach with 200 resamples was con-
ducted to evaluate the model performance. An R function was 
used to calculate the c-index of the competing risk model to 
assess discrimination [10,11] and calibration was assessed us-
ing a calibration curve [12].

Statistical analysis was conducted by R software (version 3.3.1). 
The R packages cmprsk, rms, and mstate were used to build 
the model and nomogram [12–15] and package pec was used 
for assessing model performance. Statistical significance was 
considered if a 2-tailed P value was lower than 0.05.

Results

Patient characteristics

Our study extracted 10 527 eligible patients diagnosed with 
mPDAC from 2010 to 2015 in the SEER program. Table 1 sum-
marizes the baseline patients’ characteristics. Of these, 1690 
patients (16.1%) were diagnosed before aged 55 years old, 
3156 patients (30.0%) were between the ages of 56 years and 
65 years old, 3287 patients (31.2%) were aged 66 years to 75 
years old, and 2394 patients (22.7%) were aged >75 years 
old. The majority were male (5680 patients; 54.0%), white 
(8283 patients; 78.7%), and married (5887 patients; 55.9%). 
Body/tail (41.5%) was the most common site, followed by the 
head (39.8%), and other (18,7%). Distribution of T stage was 
3.6, 38.3, 46.2, and 21.3% for T1, T2, T3, and T4, respectively. 
Meanwhile, the proportion of N stage was 59.3 and 40.7 for N0 
and N1, respectively. Liver (77.9%) was the most common met-
astatic site, followed by lung (20.2%), bone (6.4%), and brain 
(0.5%). Most patients (59.0%) were treated with chemotherapy.
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Characteristics n (%) Event (%)
Cause-specific mortality Mortality from other causes

6-month (%) SE(10–5) P 6-month (%) SE(10–5) P

Total 10527 9187 60.3 2.4 5.9 0.54

Gender 0.83 0.11

 Male 5680 (54.0) 4998 (54.4) 60.2 4.4 6.4 1.1

 Female 4847 (46.0) 4189 (45.6) 60.3 5.3 5.3 1.1

Age (years) <0.001 <0.001

 Up to 55 1690 (16.1) 1420 (15.5) 49.1 15.7 4.5 2.7

 56–65 3156 (30.0) 2716 (29.6) 56.1 8.2 5.1 1.6

 66–75 3287 (31.2) 2835 (30.9) 60.2 7.8 5.7 1.7

 76+ 2394 (22.7) 2216 (24.1) 73.7 8.3 8.1 3.2

Race/ethnicity 0.33 <0.001

 White 8283 (78.7) 7243 (78.8) 60.3 3.0 5.4 0.6

 Black 1441 (13.7) 1258 (13.7) 60.7 17.5 8.3 5.4

 Others 803 (7.6) 686 (7.5) 59.5 32.2 6.0 7.4

Marital status <0.001 <0.001

 Single 1539 (14.6) 1338 (14.6) 61.7 16.3 7.9 4.9

 Married 5887 (55.9) 5068 (55.2) 56.5 4.4 4.9 0.8

 Divorced 1098 (10.4) 967 (10.5) 63.7 22.2 6.0 5.3

 Widowed 1452 (13.8) 1339 (14.6) 71.2 14.6 6.9 4.5

 Others 551 (5.2) 475 (5.2) 60.3 46.3 7.7 13.4

Tumor location 0.009 0.44

 Body/tail 4368 (41.5) 3814 (41.5) 61.1 5.8 5.8 1.3

 Head 4194 (39.8) 3649 (39.7) 58.3 6.1 5.5 1.3

 Others 1965 (18.7) 1724 (18.8) 62.6 12.5 6.9 3.3

T stage, AJCC 7th <0.001 0.1

 T1 382 (3.6) 330 (3.6) 56.6 67.9 8.6 21.1

 T2 4036 (38.3) 3568 (38.8) 64.7 6.0 6.1 1.5

 T3 4865 (46.2) 3334 (36.3) 58.5 6.7 5.5 1.4

 T4 2244 (21.3) 1955 (21.3) 56.0 11.5 5.5 2.4

N stage, AJCC 7th 0.20 0.65

 N0 6241 (59.3) 5464 (59.5) 61.0 4.0 5.9 0.9

 N1 4286 (40.7) 3723 (40.5) 59.2 6.0 5.8 1.3

Table 1. Six-month cumulative incidences of mortality among patients with mPDAC.
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Cause-specific mortality in mPDAC

Over a median follow-up of 3 months, mortality occurred in 
8459 patients (80.36%): 8459 from mPDAC and 728 from other 
causes. Median cancer-specific survival remained steady at 
2 months from 2010 to 2015. Table 1 summarizes the 6-month 
estimates of the cumulative incidence of CSM, and OCM ac-
cording to gender, sex, age, race, tumor size, tumor location, 

marital status, TNM stage, chemotherapy, radiation therapy, 
bone metastasis, brain metastasis, liver metastasis, lung me-
tastasis, and surgery. Six-month cumulative incidence of cause-
specific mortality for mPDAC was 60.3% and 5.9% for other 
causes. Gender, race, tumor location, N stage and lung metas-
tasis didn’t markedly affect cumulative incidence of cause-spe-
cific mortality, whereas patients with older age, larger tumor 
size, widowed, T2 stage, bone metastasis, brain metastasis and 

Table 1 conlcusions. Six-month cumulative incidences of mortality among patients with mPDAC.

Characteristics n (%) Event (%)
Cause-specific mortality Mortality from other causes

6-month (%) SE(10–5) P 6-month (%) SE(10–5) P

Tumor size (mm) <0.001 0.9

 £30 2559 (24.3) 2219 (24.2) 55.8 10.1 5.7 2.2

 31–40 2731 (25.9) 2388 (26.0) 59.6 9.3 5.4 1.9

 41–50 2209 (21.0) 1913 (20.8) 60.2 11.5 5.7 2.5

 51–60 1388 (13.2) 1222 (13.3) 65.0 17.4 6.5 4.6

 >60 1640 (15.6) 1445 (15.7) 64.5 14.6 6.5 3.8

Chemotherapy <0.001 <0.001

 None/unknown 4321 (41.0) 4050 (44.1) 81.3 3.5 9.9 2.1

 Yes 6206 (59.0) 5137 (55.9) 45.9 4.3 3.1 0.5

Radiation therapy <0.001 0.2

 None/unknown 9953 (94.5) 8688 (94.6) 61.0 2.5 5.9 0.6

 Yes 574 (5.5) 499 (5.4) 46.8 45.2 4.5 7.7

Bone metastasis 0.004 0.04

 No 9855 (93.6) 8574 (93.3) 59.9 2.6 5.7 0.6

 Yes 672 (6.4) 613 (6.7) 65.9 34.7 7.9 11.1

Brain metastasis 0.015 0.45

 No 10472 (99.5) 9137 (99.5) 60.2 2.4 5.8 0.5

 Yes 55 (0.5) 50 (0.5) 76.6 347.5 9.6 168.3

Liver metastasis <0.001 0.24

 No 2324 (22.1) 2001 (21.8) 49.3 11.3 5.7 2.4

 Yes 8203 (77.9) 7186 (78.2) 63.4 3.0 5.9 0.7

Lung metastasis 0.009 0.27

 No 8400 (79.8) 7302 (79.5) 59.8 3.0 5.6 0.6

 Yes 2127 (20.2) 1885 (20.5) 62.0 11.5 7.0 3.1

Surgery <0.001 0.3

 No 10313 (98.0) 9021 (98.2) 60.9 2.4 5.9 0.6

 Yes 214 (2.0) 166 (1.8) 31.1 105.3 3.4 15.7

mPDAC – metastatic pancreatic duct adenocarcinoma; SE – standard error; AJCC – American Joint Committee on Cancer.
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liver metastasis had a high one. Chemotherapy subdistribution 
hazard ratio (sdHR)was 0.54 (95% CI: 0.51–0.57), radiation ther-
apy sdHR was 0.89 (95% CI: 0.83–0.97); and surgery sdHR was 
0.65 (95% CI: 0.57–0.75), which resulted in decreased proba-
bility of cause-specific mortality. Figures 1 and 2 show the CIF 
curves of CSM and other causes, respectively.

Table 2 shows coefficients and sdHRs according to the results 
of the competing-risk model for cause-specific mortality of 
mPDAC. Age and tumor size could forcefully predict cause-spe-
cific mortality. Patients who received chemotherapy, radiation 
therapy, or surgery had a lower rate of CSM, with sdHR of 0.54 
(95% CI: 0.51–0.57), 0.89 (95% CI: 0.83–0.97) and 0.65 (95% 
CI 0.57–0.75), respectively. Liver metastasis (sdHR 1.24, 95% 
CI: 1.17–1.30) was the most dangerous among these 4 sites. 
Marital status, tumor location, and N stage almost had no in-
fluence on cause-specific mortality.

A nomogram predicting the probability of CSM is shown in Figure 3, 
which was based on the Fine and Gray’s model we built. With the 
help of this useful tool, we can individually predict the probabil-
ity of half-year CSM for patients with mPDAC, by calculating the 
total points of patient’s characteristics. The c-index for CSM of 
our model was 0.74, which suggests acceptable model discrim-
inative ability. The calibration curve is displayed in Figure 4. The 
calibration plot shows that the nomogram was well calibrated.

Discussion

In the present study, we assessed the mortality for patients with 
mPDAC diagnosed from 2010 to 2015 in the SEER registry. Six-
month cumulative incidence for cause-specific mortality and 
other causes of mortality was 60.3% and 5.9%, respectively. 
Moreover, we built a convenient nomogram to predict the prob-
ability of cause-specific mortality for this cancer, however, this 
was all correlative not causative information.
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Figure 1.  Cumulative incidence curves of cause-specific mortality based on patient characteristics.
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In our current study, gender had no influence on cause-specific 
mortality (sdHR 0.98, 95%CI: 0.93–1.02). While another study 
on the prognosis of metastatic pancreatic cancer patients had 
a different point of view, indicating that female patients had 
better outcomes [16]. The difference between our study re-
sults might be from the discrepancy of statistical approaches, 
selection principles, and sample sizes.

As for the treatment of mPDAC, chemotherapy has been the 
first-line therapy for many decades, with proven efficacy in the 
area of meaningfully increased survival. Recently, FOLFIRINOX 
(fluorouracil, leucovorin, irinotecan, and oxaliplatin) and 
gemcitabine+nab-paclitaxel have shown a modest improve-
ment in survival of mPDAC patients [2]. Similar to this result, 
about 60% of patients in our study were confirmed to have re-
ceived chemotherapy which resulted in significant reduction of 
6-month mortality (sdHR 0.54, 95% CI: 0.51–0.57). While 574 
patients (5.5%) received radiation therapy, and they benefited 
a little from it (sdHR 0.89, 95% CI: 0.83–0.97). Consistent with 

our finding, Wang et al. [17] previously demonstrated that the 
overall survival for locally advanced and metastatic pancreatic 
cancer with acceptable toxicities can be improved in concur-
rent chemoradiotherapy use.

The benefit of local tumor resection has been proven for many 
solid tumors, including metastatic hepatocellular carcinoma [18], 
metastatic breast cancer [19], and metastatic non-functioning 
pancreatic neuroendocrine tumors [20,21]. In a recent study, 
Tao et al. revealed that surgical resection of the primary tu-
mor benefits both cancer-specific survival and overall survival 
in metastatic pancreatic cancer patients. However, their study 
was limited by a small surgical cohort [22]. Our observations 
also implied that surgery was associated with good survival 
(sdHR 0.65, 95% CI: 0.57–0.75), but only a tiny minority of pa-
tients (2%) had resection performed. Surgery might play a role 
in the treatment of a highly selected subset of mPDAC patients.
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Figure 2.  Cumulative incidence curves of other cause of mortality based on patient characteristics.
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Characteristic Coefficient sdHR (95% CI) p Value

Female –0.03  0.98 (0.93–1.02) 0.28

Age (years)

 56–65 0.08  1.01 (1.01–1.15) 0.018

 66–75 0.17  1.14 (1.07–1.21) <0.001

 76+ –0.02  1.22 (1.13–1.32) <0.001

Race/ethnicity

 Black –0.07  0.93 (0.87–0.99) 0.042

 Others –0.06  0.94 (0.86–1.02) 0.14

Marital status

 Married 0.01  1.01 (0.94–1.08) 0.85

 Divorced 0.01  1.07 (0.97–1.17) 0.17

 Widowed 0.10  1.10 (0.99–1.20) 0.05

 Others –0.06  1.00 (0.84–1.01) 0.34

Tumor location

 Head –0.04  0.96 (0.92–1.01) 0.13

 Others –0.04  0.96 (0.90–1.02) 0.24

T stage

 T2 0.21  1.23 (1.01–1.41) 0.003

 T3 0.12  1.13 (0.98–1.30) 0.08

 T4 0.11  1.12 (0.97–1.29) 0.12

N1 0.02  1.02 (0.98–1.07) 0.31

Tumor size(mm)

 31–40 0.05  1.05 (1.00–1.12) 0.08

 41–50 0.06  1.06 (1.00–1.13) 0.07

 51–60 0.16  1.17 (1.08–1.26) <0.001

 >60 0.15  1.16 (1.07–1.25) <0.001

Chemotherapy –0.61  0.54 (0.51–0.57) <0.001

Radiation therapy –0.11  0.89 (0.83–0.97) 0.005

Bone metastasis 0.13  1.14 (1.04–1.25) 0.007

Brain metastasis 0.19  1.21 (0.82–1.78) 0.35

Liver metastasis 0.21  1.24 (1.17–1.30) <0.001

Lung metastasis 0.05  1.05 (1.00–1.11) 0.13

Surgery –0.43  0.65 (0.57–0.75) <0.001

Table 2. Proportional subdistribution hazard models of probabilities of cancer-specific mortality for patients with mPDAC.

mPDAC – metastatic pancreatic duct adenocarcinoma; sdHR – subdistribution hazard ratios.
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Figure 4.  Calibration plot. The gray line represents equality 
between the predicted and observed probability.

One of our study advantages was the large cohort size and 
the precision of the competing risk model. The SEER database 
offers a large-scale sample. Unlike studies from single-institu-
tions, we can drastically reduce potential selection bias [23] 
using the SEER database. In addition, with the help of the no-
mogram we built, clinicians can estimate individualized prog-
nosis for patients with mPDAC.

Undeniably, our analysis has several potential limitations. First, 
some useful clinicopathological factors (such as C-reactive 

protein, pain, neutrophil-to-lymphocyte ratio) were not included 
in our analysis, without the needed corresponding records in 
the SEER program [24,25]. Second, as the information on met-
astatic sites was unavailable before 2010, we only chose pa-
tients diagnosed from 2010 to 2015. The accuracy of this model 
might improve with longer follow-up. Finally, a bootstrap ap-
proach was used to assess model performance. Although it 
showed good performance, external validation based on other 
cohorts is still needed to estimate model accuracy.

Conclusions

In our current study, we assessed the CIF of CSM and OCM mor-
tality for patients with mPDAC using the SEER database. We 
built a proportional subdistribution model to calculate the prob-
ability of 6-month CSM for patients with mPDAC. In addition, 
an easy nomogram was offered as a predictive tool for prog-
nosis. However, a prospective study with a validation sample 
data set and further verification are needed to assess a pro-
file for prognostic use.
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