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Abstract

Objective: This study aims to determine the factors that predict early death and establish a predictive model for early death by
analyzing clinical characteristics of patients with resectable pancreatic ductal adenocarcinoma (R-PDAC) who die early after
radical surgery.

Materials and Methods: This was a retrospective study of patients who underwent radical surgical resection for R-PDAC in the
Surveillance, Epidemiology, and End Results (SEER) database. Patients with overall survival < 12 months were assigned as early death group
and above | year as the late death group. Univariate and multivariate logistic regression was conducted to identify factors significantly
associated with early death. An early death predictive model was constructed based on the identified independent risk factors.

Results: A total of 9695 patients were analyzed, and the total incidence of early death was 30.72%. Multivariable analysis showed that
factors significantly associated with early death included age at diagnosis, race, marital status, tumor location, tumor size, tumor grade,
number of positive lymph nodes, number of examined lymph nodes, positive lymph node ratio, chemotherapy, and radiotherapy. The
predictive model showed good discrimination with a C-index of 0.722 (95% confidence interval: 0.7 1-0.733) and convincing calibration.

Conclusions: We developed a predictive model that may be easily applied to patients with R-PDAC after radical resection to
predict the chance of death within | year. For patients with high risk of early death, neoadjuvant therapy should be considered.
Even after radical resection, more aggressive adjuvant chemotherapy (with or without combined radiotherapy) must be used to
minimize the chance of early death.
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Introduction development of chemotherapy strategy, patients with advanced
pancreatic cancer can achieve a median survival of 13.7 months

Pancreatic ductal adenocarcinoma (PDAC) is one of the most on chemotherapy drugs alone.> However, in clinical practice,

lethal malignancies with an overall 5-year survival rate less
than 9%." Cancer-related death rate of PDAC is predicted to rank
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about 30% of patients with radically resected pancreatic cancer
die within 1 year after surgery.™ It is necessary to identify the
risk factors for death in the patients who develop early death,
avoid up-front surgery, and implement neoadjuvant therapy and
aggressive postoperative adjuvant therapy.

Although tumor size, grade, margin status, and lymph node
invasion are the main prognostic factors of PDAC, they are not
sufficient to predict early death and the prognostic contributions
of each factor have not been determined. The National Com-
prehensive Cancer Network (NCCN) guidelines recommend
large tumor, significantly elevated serum CA19-9, regional
lymph node enlargement, significant recent weight loss, and
severe pain as risk factors for recurrence and metastasis after
radical resection of PDAC, but it is unclear whether these
factors affect patient survival less than 1 year. Several studies
have explored risk factors for poor prognosis after resection of
PDAC, including preoperative serum tumor markers (CEA+/
CA125+/CA19-9 > 1000 U/mL); hemoglobin < 10 g/dL; white
blood cell count > 11,000/ml; platelet count, 350,000/ml; body
mass index > 35 kg/m?; tumor > 2.5 cm; and other prognostic
factors.®™ However, most of these studies have problems with
small sample size and insufficient number of risk factors
covered. Therefore, the prediction of survival after radical
resection in patients with PDAC based on larger sample size
and more prognostic factors is important.

In patients with resectable pancreatic ductal adenocarcinoma
(R-PDAC), it is necessary to evaluate the timing of surgery. By
comparing the early death group and the late death group, we
could identify the risk factors of early death after the operation,
s0 as to predict the prognosis of such patients and provide the
strategies and timing of intervention. In this study, we identified
eleven factors associated with early death through univariable
and multivariable regression analyses. By using a nomogram
approach, we demonstrated the contribution of various risk
factors to the risk of early death. Our predictive model helps
provide the strategies before and after surgery.

Methods

Data Collection

This study was approved by the Ethics Committee of Peking
University First Hospital (No. 2019-167, June 26, 2019 in
Beijing). The data was drawn from the Surveillance, Epidemi-
ology, and End Results (SEER) database, and personal infor-
mation of all patients was completely hidden. All information
was collected from pancreatic adenocarcinoma patients who
underwent radical surgery from 2004 to 2015 based on the SEER
database (http://seer.cancer.gov/). According to the definition
resectability of NCCN guideline (2020 version), the inclusion
criteria were as follows: (1) All data contained ICD-O-3 histo-
pathological classification, and only patients with ICD-O-3
histology codes 8140 (adenocarcinoma) and 8500 (ductal car-
cinoma) were selected. (2) All data have detailed information of
tumor size, lymph nodes involvement, and distant metastasis.

The exclusion criteria were as follows: (1) unknown age, (2)
confirmed distant metastasis during surgery (stage M1), (3)
unknown tumor type, (4) unknown tumor size, (5) unknown
tumor grade, (6) no information of lymph node retrieved, (7)
unknown survive data, (8) tumor contact artery or vein, and (9)
death within a month after surgery. Based on the information of
tumor size and number of positive lymph, the TNM stage for
each enrolled case was redefined according to the eighth edition
AJCC staging system. Finally, the data of 9695 patients with
PDAC were included in this study. The patients were divided into
2 groups (the early death and late death) taking 1 year after radical
operation as the boundary. The screening and statistical process
was shown in Figure 1. The reporting of this study followed
RECORD guidelines.’

Statistical Analysis

The receiver operating characteristics (ROC) curve was used to
estimate the optimal threshold for LNR as risk factors for early
death. The optimal cut-off value was determined to be the point
of the ROC curve closest to the upper-left corner of the graph. All
the variables were included as covariate in multivariable logistic
regression models. Multivariable logistic regression analysis was
used to estimate odds ratio (OR) with 95% confidence intervals
(CIs). All P values were 2-sided, and a value < 0.05 was con-
sidered statistically significant. All significant predictors were
used to build a predictive model for early death risk by using the
cohorts. To quantify the discrimination performance of the early
death nomogram, C-index was measured. The early death no-
mogram was subjected to bootstrapping validation (1000
bootstrap resamples) to calculate a relatively corrected C-index.
Calibration curves were plotted to assess the calibration of the
early death nomogram. All analysis were performed using the
SPSS version 22.0 (IBM, Armonk, NY, USA) and R software
(Version 3.6.1; https://www.R-project.org).

Results

Baseline Characteristics

The study population comprised 9695 patients, and their
baseline demographic and clinical characteristics are shown in
Table 1. The number of early death group and late death group
were 2978 and 6717, respectively. 59.54% of patients aged >
65 years; 82.61% of patients were Caucasian; 50.53% of
patients were male; poor marital status (including divorce,
separation, death of spouse) accounted for 23.38%; pathological
staging, T1, T2, and T3, accounted for 17.91%, 60.65%, and
21.44%; NO, N1, and N2 accounted for 33.4%, 41.53%, and
25.07%; IA, 1B, IIA, 1IB, and III accounted for 8.7%, 18.81%,
5.89%, 41.53%, and 20.07%, respectively. The percentage of
patients with tumors located at the head was 83.04%, and the
percentage of tumors with well, moderately, and poorly differ-
entiated was 10.06%, 52.91%, and 37.03%, respectively. During
the perioperative period, 30.46% of patients did not receive
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SEER DATA

Selection criteria: 1) all data contained ICD-O-3
histopathological classification, and only patients

Exclusion criteria: 1) unknown age; 2) stage M1; 3)
unknown tumor type; 4) unknown tumor size; 5)

unknown tumor grade; 6) no lymph node

with ICD-0-3 histology codes 8140 and 8500
were selected; 2) all data have detailed TNM
stage information

v
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unknown survival months; 8) tumor contact artery
or vein;9) death within a month after surgery.

The data of 9695 patients with
pancreatic ductal adenocarcinoma
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Figure 1. Flowchart for screening and statistical analysis of PDAC. SEER, Surveillance, Epidemiology, and End Results; PDAC, pancreatic

ductal adenocarcinoma.

chemotherapy and 35.95% of patients received radiotherapy. The
area under the curve (AUC) of LNR was 0.607, with an optimal
threshold of 10% for predicting early death, and the sensitivity
was 60.4% and the specificity was 55.9% (Figure 2).

Factors Associated With Early Death

In Table 1, age, race, marital status, T stage (AJCC eighth), N
stage (AJCC eighth), tumor site, pathology grade, number of

examined lymph node, LNR, chemotherapy, and radio-
therapy were identified as potential factors for early death. In
multivariate logistic regression (Table 2), eleven variables
were independently associated with early death, including
age > 65 (OR, 1.260; 95% CI, 1.141-1.391; P <.001), black
race (OR, 1.339; 95% CI, 1.145-1.565; P < .001), poor
marital status (OR, 1.129; 95% CI, 1.009-1.264; P = .034),
T2 stage (OR, 1.525; 95% CI, 1.328-1.751; P < .001), T3
stage (OR, 2.400; 95% CI, 2.047-2.814; P <.001), N1 stage
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Table I. Clinical Features of Early Death and Late Death Cohorts.

Variable Total Subjects Early Death Late Death P

Age at diagnosis < 0.001
< 65 (%) 3923 (40.46%) 1014 (10.46%) 2909 (30.01%)
> 65 (%) 5772 (59.54) 1964 (20.26) 3808 (39.28)

Race 0.119
White (%) 8009 (82.61%) 2436 (25.13%) 5573 (57.48%)

Black (%) 948 (9.78%) 319 (32.90%) 629 (6.49%)
Others (%) 738 (7.61%) 223 (2.3%) 515 (5.31%)

Gender 0.121
Male (%) 4899 (50.53%) 1540 (15.88%) 3359 (34.65%)

Female (%) 4796 (49.47%) 1438 (14.93%) 3358 (34.64%)

Marital status < 0.001
Divorced/separated/widowed 2267 (23.38%) 782 (8.07%) 1485 (15.32%)
Married/domestic partner/single/lunknown 7428 (76.62%) 2196 (22.65%) 5232 (54.00%)

T (AJCC eighth) < 0.001
TI (%) 917 (17.91%) 353 (3.64%) 1383 (14.27%)

T2 (%) 5880 (60.65%) 1779 (18.35%) 4101 (42.30%)
T3 (%) 2079 (21.44%) 846 (8.73%) 1233 (12.72%)

N (AJCC eighth) < 0.001
NO (%) 3238 (33.40%) 734 (7.57%) 2504 (25.83%)

NI (%) 4026 (41.53%) 1274 (13.14%) 2752 (28.39%)
N2 (%) 2431 (25.07%) 970 (10.01%) 1461 (15.07%)

Stage(AJCC eighth) < 0.001

IA (%) 843 (8.70%) 140 (1.44%) 703 (7.25%)
IB (%) 1824 (18.81%) 412 (4.25%) 1412 (14.56%)
A (%) 571 (5.89%) 182 (1.88%) 389 (4.01%)
IIB (%) 4026 (41.53%) 1274 (13.14%) 2752 (28.39%)

I (%) 2431 (20.07%) 970 (10.01%) 1461 (15.07%)

Tumor site 0.035
Head (%) 8051 (83.04%) 2509 (25.88%) 5542 (57.16%)

Body/tail (%) 1644 (16.96%) 469 (4.84%) 1175 (12.12%)

Tumor grade < 0.001
Well (%) 975 (10.06%) 175 (1.81%) 800 (8.25%)

Moderately (%) 5130 (52.91%) 1380 (14.23%) 3750 (38.68%)
Poorly (%) 3590 (37.03%) 1423 (14.68%) 2167 (22.35%)

Lymph nodes examined
<I5 (%) 5360 (55.29%) 1751 (18.06%) 3609 (37.22%)
>|15 (%) 4335 (44.71%) 1227 (12.67%) 3108 (32.06%)

LNR .1(0—.25%) .15(.03—.33%) .08(0—.22%) < 0.001

Chemotherapy < 0.001
Yes (%) 6742 (69.54%) 1552 (16.01%) 5590 (57.66%)

No/unknown (%) 2953 (30.46%) 1426 (14.71%) 1527 (15.75%)

Radiotherapy < 0.001

Yes (%) 3485 (35.95%) 772 (7.96%) 2713 (27.98%)

No/unknown (%)

6210 (64.05%)

2206 (22.75%)

4004 (41.30%)

Abbreviations: LNR, positive lymph nodes ratio.

(OR, 1.398, 95% CI, 1.202-1.625; P < .001), N2 stage (OR,
1.864; 95% CI, 1.514-2.295; P < .001), moderately differ-
entiated (OR, 1.634; 95% CI, 1.359-1.964; P < .001), poorly
differentiated (OR, 2.916; 95% CI, 2.419-3.516; P < .001),
LNR > 10% (OR, 1.38; 95% CI, 1.186-1.607; P < .001),

body/tail location (OR, .868; 95% CI, 0.761—.989; P <
.001), number of examined lymph node > 15 (OR, .738; 95%
CI, 0.666-.818; P < .001), chemotherapy (OR, .32; 95% CI,
0.287-.357; P <.001), and radiotherapy (OR, .783; 95% CI,

0.700-.875; P < .001).
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Figure 2. The receiver operating characteristics curve for LNR for predicting early death (< 12 months). The area under the curve (area
under the curve) was .607 (95% Cl: .595-.619), and the best cut-off value for predicting early death was 10% with a sensitivity of 60.4% and

specificity of 55.9%. (P = .006). LNR, positive lymph nodes ratio.

Establishment and Validation of Early Death
Predictive Model

We developed the predictive model that incorporated the
above independent predictors and presented as the nomogram
(Figure 3). Among the factors, tumor size, tumor grade,
number of positive lymph nodes, and chemotherapy were
important factors associated with early death. Assuming a 60-
year-old white patient with the following situation: the size of
the pancreatic head tumor is 50 mm, the number of lymph
nodes examined is 10, the number of positive lymph nodes is
2,the LNR is 20% , and the tumor is moderately differentiated,
from which we can calculate the risk of early death of this
patient. The estimated risk of early death is 58% if the patient
does not receive chemotherapy and radiotherapy, and 26% if
he receives chemotherapy and radiotherapy. The calibration
curve of the early death risk nomogram in R-PDAC patients
demonstrated good agreement in this cohort (Figure 4). The x-
axis represented the predicted early death risk. The y-axis
represented the actual diagnosed early death. The diagonal
dotted line represented a perfect prediction by an ideal model.
The solid line represented the performance of the nomogram,

of which a closer fit to the diagonal dotted line represented a
better prediction. The C-index for the prediction nomogram
was 0.722 (95% CI: 0.807-0.907) for the cohort, and was
confirmed to be 0.720 by internal validation, suggesting the
good discrimination of the model.

Discussion

In this study, we identified a set of parameters based on demo-
graphic characteristics and tumor characteristics that may help
identify patients at high risk of early mortality after surgical re-
section for PDAC. These parameters were collected in all patients
with PDAC who underwent radical surgery to facilitate focused
intervention in high-risk patients and help improve clinical out-
comes. Data on the definition of early death after radical resection
for pancreatic cancer are limited and inconsistent.*®''> We
defined 12 months postoperatively as early death because, with
advances in chemotherapy regimens, current median survival
time for advanced pancreatic cancer using chemotherapy regi-
mens alone is close to or greater than 12 months.

A previous study has identified preoperative independent
predictive risk factors for early recurrence in patients with
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Table 2. Multivariable Logistic Regression for Early Death and Late Death Groups.

Variables Levels OR (95% Cl) P
Age at diagnosis <65 Reference
> 65 1.260 (1.141-1.391) < 0.001
Race White Reference
Black 1.339 (1.145-1.565) < 0.001
Others 1.071 (0.897-1.280) 0.447
Gender Male Reference
Female 0.924 (0.839-1.017) 0.107
Marital status Married/domestic partner/single/unknown Reference
Divorced/separated/widowed 1.129 (1.009-1.264) 0.034
Tumor size Tl Reference
T2 1.525 (1.328-1.751) < 0.001
T3 2.400 (2.047-2.814) < 0.001
Positive lymph nodes NO Reference
NI 1.398 (1.202-1.625) < 0.001
N2 1.864 (1.514-2.295) < 0.001
Tumor site Head Reference
Body/tail 0.868 (0.761-0.989) 0.034
Tumor grade Grade | Reference
Grade 2 1.634 (1.359-1.964) < 0.001
Grade 3 2916 (2.419-3.516) < 0.001
Lymph nodes <15 Reference
Examined
LNR > 15 0.738 (0.666-0.818) < 0.001
< 10% Reference
Chemotherapy > 10% 1.38 (1.186-1.607) < 0.001
No/unknown Reference
Radiotherapy Yes 0.320 (0.287-0.357) < 0.001
No/unknown Reference
Yes 0.783 (0.700-0.875) < 0.001

Abbreviations: Cl indicates confidence interval; OR, Odds ratio; LNR, positive lymph nodes ratio.

R-PDAC."" However, our study is the first to use a large
sample size of patients with R-PDAC to predict early death
after radical resection. We developed and validated a risk
predictive model for early death in patients with R-PDAC by
integrating risk factors from demographic characteristics,
disease characteristics, and treatment characteristics into a
user-friendly nomogram. While a predictive model only using
preoperative factors is valuable, the addition of perioperative
factors into the model increases the accuracy of the prediction.

Demographically, our study found that age > 65 years, poor
marital status, and black race are independent risk factors for
early death for R-PDAC. Consistent with previous reports, no
significant difference in cancer survival was found between
men and women.'? The impact of age on prognosis has been
well studied. The 5-year survival of patients aged 20-40 years
was almost 3 times that of patients aged > 40 years, and the
mortality risk of PDAC patients aged 40-80 years was twice
that of patients aged < 40 years.'* Marital status is suggested to
be an important factor in prognosis,'> while another study
showed that marital status has no effect on the prognosis of
pancreatic cancer.'® Our study showed that blacks had a higher
risk of early death after radical PDAC surgery than whites, as

demonstrated in other studies.'”'® Compared with white
patients, black PDAC patients were younger, staged later, and
received less treatment. These findings may only be partially
related to socioeconomic differences. When disease staging
and treatment were controlled, there was no reduction in
survival rates for black patients.

For oncological features, tumor location at the head of the
pancreas had higher risk of early death than body/tail for
R-PDAC. Prognostic significance of tumor location in pan-
creatic cancer is still controversial. Pancreatic body and tail
tumors, due to the late symptoms, tend to be more advanced
and larger, and have worse prognoses.'**° Poor prognosis for
overall survival has been reported for tumors located at the
pancreatic head.?! According to the Japanese Pancreas So-
ciety, the head of the pancreas has complex lymphatic
drainage system compared to the distal pancreas.”” Some
studies have shown that the lymph nodes of pancreatic body/
tail tumors are less invaded, leading to a better prognosis.?*~*
The impact of pancreatic cancer tumor location on prognosis is
yet to be further confirmed by prospective studies in large,
high-quality samples. Many studies have shown that LNR is
an important indicator of pancreatic cancer prognosis.*>’ By
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Figure 3. Developed early death nomogram. The early death nomogram was developed in the cohort, with age, race, tumor site, poor
marital status, tumor size, lymph nodes examined, positive lymph nodes, positive lymph nodes ratio, tumor grade, chemotherapy, and

radiotherapy incorporated.

using an ROC curve, we defined the optimal cut-off value for
the LNR, which was significantly associated with early death.

Our nomogram showed that tumor grade and tumor size
affected early death risk, in agreement with previous
studies.">?*° Tumor size > 3 cm was independently associated
with early recurrence which is often considered an important sign
of poor prognosis.’' With the development of imaging tech-
nology, preoperative examinations are increasingly able to ac-
curately measure tumor diameter. While it has been shown that
preoperative computed tomography (CT) scans may underesti-
mate tumor size compared to pathological tumor size in PDAC
patients, endoscopic ultrasound (EUS) has higher accuracy than
CT for determining the size of smaller tumors.** Therefore, early
death risk scores obtained from preoperative imaging mea-
surements of tumor size may be higher than they actually are.

Currently, although NCCN guidelines recommend routine
biopsy for patients receiving neoadjuvant therapy, routine
sampling of resectable patients is debatable. Although the risk
of biopsy-related complications is small, negative biopsies
may not alter patient management. However, the accuracy,
sensitivity, and specificity of EUS biopsy for diagnosing
malignancy have been reported to be 97.6%, 96.6%, and
99.0%, respectively.*® The number of positive lymph nodes is
an indicator of the N stage in the AJCC guidelines, and our
study showed that the number of positive lymph nodes was

strongly associated with early death in R-PDAC patients. It
has been shown that at least 11 to 17 lymph nodes should be
dissected to accurately assess lymph node metastases for
accurate N staging, and clearing > 15 lymph nodes can sig-
nificantly improve prognosis.

The role of adjuvant chemotherapy in pancreatic adenocar-
cinoma is well established and currently remains the standard of
care by expert guidelines for PDAC. The Gastrointestinal Tumor
Study Group (GITSG) study was the first randomized controlled
trial in pancreatic adenocarcinoma to demonstrate survival
benefit from adjuvant therapy following surgery, and treatment
group had a median overall survival of 20 vs 11 months for
surgery alone.’> Moreover, clinical prognosis of patients has
been greatly improved with the continuous improvement of
chemotherapy regimens.**>® These reports are consistent with
our findings that chemotherapy was associated with early
mortality in our predictive model. For radiation therapy, there is
currently less data on radiotherapy for PDAC, and further studies
are needed to evaluate its significance.

This study has several limitations. First, our study is ret-
rospective and selection bias is difficult to avoid. Second, we
excluded all patients with vascular invasion based on tumor
extension, which resulted in sample size smaller than the total
number of patients judged to have R-PDAC, preoperatively.
Third, the definition of perioperative chemotherapy in the
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Figure 4. Calibration curves of the early death nomogram prediction in the cohort. The x-axis represented the predicted early death risk.
The y-axis represented the actual diagnosed early death. The diagonal dotted line represented a perfect prediction by an ideal model. The
solid line represented the performance of the nomogram, of which a closer fit to the diagonal dotted line represented a better prediction.

SEER database did not clearly distinguish between preoperative
neoadjuvant chemotherapy or postoperative adjuvant chemo-
therapy. Fourth, for multivariate analysis, the number of pos-
itive lymph nodes, number of examined lymph nodes, and
positive lymph node ratio are confounding factors. Fifth, some
risk factors affecting the prognosis of PDAC, such as preop-
erative serum tumor markers, marginal status, weight loss, and
severe pain, were not recorded in the SEER database, so these
factors were not included in this model. Sixth, it is well-known
that there is significant difference between distal pancreatec-
tomy and the Whipple procedure to early postoperative death
after surgery for pancreatic cancer. However, in the prediction
model of this study, the tumor location is only used as a factor in
the prediction model, and this factor has a relatively small
influence on predicting the early death of pancreatic cancer after
surgery. This discordance may indicate a weakness of our
prediction model with mixed-up types of surgery. Further
studies are needed to establish a prediction model for each type
of surgery.

In summary, this study is the first to use a large sample size
of R-PDAC patients to establish a predictive model which can
be conveniently applied to patients with R-PDAC after

curative resection to predict the probability of death within
1 year. For patients with a high risk of early death, neoadjuvant
therapy before surgery may be considered. Even after radical
resection, aggressive adjuvant chemotherapy with or without
combined radiotherapy is necessary to minimize the proba-
bility of early mortality.
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