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Abstract
BACKGROUND
There are few effective tools to predict survival in patients with invasive
intraductal papillary mucinous neoplasms of the pancreas.

AIM
To develop comprehensive nomograms to individually estimate the survival
outcome of patients with invasive intraductal papillary mucinous neoplasms of
the pancreas.

METHODS
Data of 1219 patients with invasive intraductal papillary mucinous neoplasms
after resection were extracted from the Surveillance, Epidemiology, and End
Results database, and randomly divided into the training (n = 853) and the
validation (n = 366) cohorts. Based on the Cox regression model, nomograms
were constructed to predict overall survival and cancer-specific survival for an
individual patient. The performance of the nomograms was measured according
to discrimination, calibration, and clinical utility. Moreover, we compared the
predictive accuracy of the nomograms with that of the traditional staging system.

RESULTS
In the training cohort, age, marital status, histological type, T stage, N stage, M
stage, and chemotherapy were selected to construct nomograms. Compared with
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the American Joint Committee on Cancer 7th staging system, the nomograms were
generally more discriminative. The nomograms passed the calibration steps by
showing high consistency between actual probability and nomogram prediction.
Categorial net classification improvements and integrated discrimination
improvements suggested that the predictive accuracy of the nomograms
exceeded that of the American Joint Committee on Cancer staging system. With
respect to decision curve analyses, the nomograms exhibited more preferable net
benefit gains than the staging system across a wide range of threshold
probabilities.

CONCLUSION
The nomograms show improved predictive accuracy, discrimination capability,
and clinical utility, which can be used as reliable tools for risk classification and
treatment recommendations.

Key words: Invasive intraductal papillary mucinous neoplasm; Pancreas; Nomogram;
Overall survival; Cancer-specific survival; Surgical resection

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Due to its rarity, it is difficult to develop a prognostic nomogram for intraductal
papillary mucinous neoplasms (IPMNs) of the pancreas in a single institution; however,
the Surveillance, Epidemiology, and End Results database has provided useful data on
prognosis. To date, no study has focused on a predictive model for the prognosis of
IPMNs. In this study, we developed nomograms to predict the probability of overall
survival and cancer-specific survival at different time points in patients with invasive
IPMNs of the pancreas based on the Surveillance, Epidemiology, and End Results
dataset. Compared with the American Joint Committee on Cancer 7th staging system, the
formulated nomograms in this study showed perfect performance in terms of
discrimination, calibration, reclassification, and clinical usefulness.

Citation: Wu JY, Wang YF, Ma H, Li SS, Miao HL. Nomograms predicting long-term
survival in patients with invasive intraductal papillary mucinous neoplasms of the pancreas: A
population-based study. World J Gastroenterol 2020; 26(5): 535-549
URL: https://www.wjgnet.com/1007-9327/full/v26/i5/535.htm
DOI: https://dx.doi.org/10.3748/wjg.v26.i5.535

INTRODUCTION
Intraductal papillary mucinous neoplasms (IPMNs) of the pancreas are characterized
by intraductal proliferation of neoplastic mucinous cells that arise in the epithelium of
the main pancreatic  duct  (MPD) or  its  major  branches.  Patients  with IPMNs are
generally asymptomatic, and the condition is only discovered accidentally. However,
some cases may present symptoms, including abdominal pain, jaundice, or acute
pancreatitis. Given the widespread use of high-resolution cross-sectional imaging and
the  aging  population,  IPMNs  are  more  commonly  diagnosed  and  account  for
approximately half of incidentally detected pancreatic cysts[1]. Although the actual
prevalence of IPMNs is unknown, it reportedly varies from 0.31 to 4.35 per 100000
persons, they are slightly more predominant in males and occur in the 6th to 7th decade
of life[2]. IPMNs exhibit a significant progressive course from low-grade dysplasia
(benign) to high grade dysplasia (carcinoma in situ) to invasive carcinoma, accounting
for  approximately 20% of  pancreatic  cancers[3].  Patients  with IPMNs have better
prognosis  than patients  with  pancreatic  cancer,  but  the  prognosis  is  poor  when
IPMNs transform into invasive carcinoma. A comprehensive study demonstrated that
the  prognosis  of  malignant  IPMNs  was  as  poor  as  that  of  sporadic  pancreatic
carcinoma[4].

When an IPMN is  determined,  a  clinical  decision has  to  be  made for  surgical
resection of invasive cysts or for surveillance of noninvasive lesions. Based on the site
of origin, IPMNs can be sub-categorized into the following three groups: Main duct
type (MD-IPMN), which is characterized by diffuse or segmental dilation of the MPD;
branch duct type (BD-IPMN), which is  characterized by cyst-forming dilation of
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lateral branches in communication with a normal MPD; and mixed type (MT-IPMN),
which includes characteristics of the other types[5]. Differentiation is important for the
management of IPMNs, as involvement of the main duct is significantly associated
with malignant risk. The malignant risk of MD-IPMN (62.2%) resembles that of MT-
IPMN (57.6%), but is much higher than that of BD-IPMN (24.4%)[6]. However, a BD-
IPMN may develop distinct pancreatic cancer synchronously and metachronously;
thus, its surveillance is controversial[7]. IPMN management, especially the indication
for resection, continues to be a problem. Surgery is the only therapeutic option for
patients with high malignant risk; thus, some experts recommend surgical resection
for  most  patients  with  MD-IPMNs  and  MT-IPMNs,  whereas  the  conservative
approach is recommended for selected patients with BD-IPMNs[8].

Associated invasive carcinoma may be detected in 40%-60% of resected IPMN
lesions[9].  Invasive  IPMNs confer  a  distinct  unfavorable  prognosis  with  a  5-year
overall survival (OS) of 24%-40%, whereas that of noninvasive IPMNs is higher than
90%[10,11].  Thus, clinicians need an effective prognostic tool to predict the survival
probability  of  individual  patients  and to  plan further  clinical  management.  The
nomogram  is  a  simple  and  convenient  mathematical  tool  with  graphical
representation, and it is widely applied in clinical practice to predict the probability of
a specific event. Compared with the traditional TNM staging system, nomograms can
more accurately estimate survival probability for individual patients by incorporating
important  prognostic  factors[12].  To  our  knowledge,  a  prognostic  nomogram for
patients with invasive IMPNs has not yet been reported. Considering the rarity and
the indolent process of IPMNs, survival analysis designed with prospective cohort
studies are unlikely, and small retrospective series in a single-institution have limited
evidence quality. Therefore, the prognostic research on IPMNs is best performed in
large population-based registries with long-term follow-up periods to achieve the best
conclusion. The Surveillance, Epidemiology, and End Results (SEER) program of the
National Cancer Institute provides cancer statistics for determination of the clinical
relationship and survival  outcomes in tumor-related research[13].  In particular,  it
provides a broad path for research on rare tumors. In this study, we aimed to develop
and validate nomograms to quantify the probability of long-term OS and cancer-
specific survival (CSS) of patients with invasive IPMNs who underwent surgical
resection based on the SEER database.

MATERIALS AND METHODS

Patient eligibility
A retrospective cohort study was conducted by extracting the data collected between
1996 and 2016 from the SEER database. This study was reviewed and approved by the
Ethics  Committee  of  the  Affiliated  Hospital  of  Guangdong  Medical  University.
Informed consent was waived, because the SEER research data are anonymous and
publicly available. Moreover, we received permission from SEER to access the original
data (accession number: 11250-Nov 2018). We utilized the incidence - SEER 18 Regs
Custom Data (with additional treatment fields), Nov 2018 Sub (1975-2016 varying) as
the  data  source.  Only  patients  who  had  a  histologic  diagnosis  after  1996  were
included, as IPMN was first defined by the World Health Organization in that year[14].
Patients with IPMNs were first identified through the “SEER Site Recode” using the
term “pancreas”,  and then identified along with the label “malignant” using the
variable  “Histologic  Type  ICD-O-3”  (International  Classification  of  Disease  for
Oncology, 3rd edition) with the following codes: 8050, 8260, 8450, 8453, 8471, 8480,
8481, and 8503[15]. Only patients older than 18 years who underwent surgical resection
of invasive IPMNs were included. Patients were excluded if they were diagnosed
with in situ carcinoma or when their diagnosis was based only on an autopsy report
or death certificate. Patients with concurrent malignant tumors of the pancreas were
also excluded to avoid the inclusion of IPMNs that were incidentally discovered
during  pancreatic  resection  of  other  aggressive  tumors,  such  as  pancreatic
adenocarcinoma.

Study variables
Demographic, clinicopathologic, and therapeutic data were extracted for each patient,
including age at diagnosis, sex, race, marital status, histological grade, American Joint
Committee  on  Cancer  (AJCC)  TNM  stage,  tumor  size,  tumor  location,  surgical
approach, radiation sequence with surgery, chemotherapy, and survival duration (in
months). Death due to all factors or cancer, namely, OS and CSS, were the primary
endpoints of this study. Patients with poorly differentiated and undifferentiated
grades were placed in a subgroup for survival analysis due to the low number of
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undifferentiated tumors. We adopted the AJCC cancer stages system based on the 7th

edition for further analysis to ensure uniform staging classification across all years of
research. For patients diagnosed before 2003, there was no direct AJCC TNM staging
data from SEER. Instead, we analyzed the extended information fields to assign a
suitable AJCC stage definition. Besides AJCC staging (7th and 6th editions), the T stage
was  also  derived  from the  variables  of  “CS  tumor  size  (2004+)”,  “CS  extension
(2004+)”, “EOD 10 - size (1988-2003)” and “EOD 10 - extent (1988-2003)”. N stage was
derived from AJCC staging and “Regional nodes positive (1988+)”.  M stage was
derived from AJCC staging and “SEER historic stage A”[16].

Survival analysis and nomogram construction
All eligible patients were divided into the training and the validation cohorts through
the simple randomization grouping method (roughly 7:3). The data from the training
cohort were used to perform survival analysis and formulate nomograms, whereas
the data from the validation cohort were used to validate the prediction models.
Univariate and multivariate Cox proportional hazards regression analyses were used
to screen the prognostic factors. Nomograms for 3-, 5-, and 10-year OS and 3-, 5-, and
10-year CSS were constructed based on the results of the multivariate Cox regression
analyses.

Nomogram validation
The performance of the nomogram was first quantified in the training cohort and then
the validation cohort in terms of discrimination, calibration, and clinical utility.

The discriminative performances of the nomogram were quantitatively evaluated
by the concordance index (C-index) and the area under curve (AUC) of the time-
dependent receiver operating characteristics curve[17]. C-index and AUC ranged from
0.5  to  1,  and  large  values  indicated  increased  prediction  accuracy.  The  net
reclassification improvement (NRI) and integrated discrimination improvement (IDI)
were calculated to determine the overall improvement in the predictive accuracy
using the novel nomogram in place of the AJCC 7th staging system. NRI refers to the
difference  in  the  proportion  of  patients  with  events  correctly  assigned a  higher
probability and that of patients without events correctly assigned a low probability by
an  updated  model  compared  with  the  initial  model [18].  IDI  represents  the
improvement in average sensitivity (i.e., the true positive rate) without reducing the
average specificity (i.e.,  the true negative rate)  of  a new model compared with a
baseline model[19]. A marginal estimate versus model was applied to plot calibration to
investigate the consistency between predicted probabilities and the actual outcomes
from the graphical representations[20]. Finally, we conducted decision curve analysis
(DCA), a novel algorithm, to evaluate the clinical usefulness of the predicted model
and the traditional TNM staging system. In the present study, DCA was used to
assess whether the nomogram increased the net benefits compared with the AJCC
staging system throughout the range of threshold probabilities[21,22]. All these analyses
were conducted using R version 3.5.1 (http://www.r-project.org/). A two-sided P
value less than 0.05 was considered statistically significant.

RESULTS

Baseline characteristics
After strict selection, 1219 patients with invasive IPMNs and undergoing surgical
resection were included in this study. Of these patients, 853 and 366 comprised the
training and the validation cohorts, respectively. In the entire cohort, 840 (68.9%)
patients suffered from all-cause death at the end of the follow-up with a median
follow-up period of 30 mo, whereas 557 (45.7%) patients died of cancer with a median
survival time of 51 mo. The 3-, 5-,  and 10-year OS rates of the entire cohort were
45.1%, 34.7%, and 21.4%, respectively. The 3-, 5-, and 10-year CSS rates were 55.5%,
47.3%, and 39.8%, respectively. Patient age ranged from 26 years to 94 years with a
median of 68 years. Most of the patients were male (55.0%), married (64.9%), white
(82.9%),  tumor  located  in  the  pancreatic  head  (64.4%),  received  pan-
creatoduodenectomy (68.5%), and did not undergo radiotherapy (70.3%). Regarding
the histologic grade, 253 (20.8%) patients had well differentiated tumors, 477 (39.1%)
patients  had moderately  differentiated tumors,  235  (19.3%)  patients  had poorly
differentiated or undifferentiated tumors, and 254 (20.8%) patients had unknown
differentiation  status.  The  proportions  of  Stages  I,  II,  III,  and  IV  were  29.7%
(362/1219), 60.0% (731/1219), 4.3% (53/1219), and 6.0% (73/1219), respectively. The
characteristics of the patients in the training cohort and validation cohort are shown in
Table 1.
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Table 1  Patient demographics and clinical characteristics (n = 1219)

Characteristics
Training cohort (n = 853) Validation cohort (n = 366)

Number of patients Percent (%) Number of patients Percent (%)

Age (yr)

≤ 60 218 25.6 70 19.1

60-69 276 32.4 127 34.7

70-79 281 32.8 131 35.8

≥ 80 78 9.2 38 10.4

Sex

Male 470 55.1 201 54.9

Female 383 44.9 165 45.1

Race

White 694 81.4 316 86.3

Others1 159 18.6 50 13.7

Marital status

Married 558 65.4 233 63.7

Unmarried2 295 34.6 133 36.3

Grade

Well differentiated 187 21.9 66 18.0

Moderately differentiated 320 37.5 157 42.9

Poorly differentiated/Undifferentiated 162 19.0 73 19.9

Unknown 184 21.6 70 19.1

Tumor location

Head 181 21.2 232 63.4

Body/tail 553 64.8 75 20.5

Other3 119 14.0 59 16.1

T stage

T1 124 14.5 57 15.6

T2 206 24.2 71 19.4

T3 468 54.9 207 56.5

T4 55 6.4 31 8.5

N stage

N0 497 58.3 209 57.1

N1 356 41.7 157 42.9

M stage

M0 800 93.8 346 94.5

M1 53 6.2 20 5.5

Clinical stage

I 267 31.3 95 26.0

II 500 58.6 231 63.0

III 33 3.9 20 5.5

IV 53 6.2 20 5.5

Tumor size

< 3 cm 302 35.4 146 39.9

3-6 cm 417 48.9 168 45.9

> 6 cm 134 15.7 52 14.2

Surgical type

Partial/localized pancreatectomy 152 17.8 65 17.8

Total pancreatectomy 122 14.3 45 12.3

Extensive pancreatoduodenectomy 579 67.9 256 69.9

Radiation

None 609 71.4 248 67.8

Adjuvant radiotherapy solely 222 26.0 107 29.2

Others4 22 2.6 11 3.0
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Chemotherapy

No/unknown 435 51.0 180 49.2

Yes 418 49.0 186 50.8

1Including Black, Asian, Pacific Islander, American Indian, and Alaska Native;
2Including single (never married), widowed, and divorced;
3Including pancreatic duct, overlapping lesion of the pancreas, and other specified parts of the pancreas;
4Including neoadjuvant radiotherapy, and radiotherapy before and after surgery.

Construction of nomogram
In the training cohort, all variables except sex, tumor location, and surgical type were
considered significant risk factors of OS according to the univariate analysis (Table 2).
Following multivariate analysis, age, marital status, histological grade, T stage, N
stage, M stage, and chemotherapy were the selected independent prognostic factors
(Table 2). These elements were then used to establish a nomogram to predict the 3-, 5-,
and 10-year OS probability for patients with invasive IPMNs (Figure 1A).

It was found that age, race, marital status, histological grade, T stage, N stage, M
stage, clinical stage, tumor size, radiotherapy, and chemotherapy were statistically
significantly associated with CSS based on the outcomes of univariate analysis (Table
2).  In  multivariate  analysis,  the  following  seven  variables  were  selected  as
independent prognostic factors of CSS: Age, marital status, histological grade, T stage,
N stage, M stage, and chemotherapy (Table 2). Therefore, a nomogram predicting the
3-, 5-, and 10-year CSS probability was created by considering these variables (Figure
1B).

Validation of nomogram
For OS prediction, the nomogram provided a higher C-index (0.756, 95%CI: 0.734-
0.778) than the AJCC 7th staging system (0.645, 95%CI: 0.623-0.667; P < 0.001) in the
training cohort. Similarly, the C-index of the validation cohort (0.748, 95%CI: 0.715-
0.781) was also higher than the traditional TNM staging system (0.654; 95%CI: 0.623-
0.685; P < 0.001). For CSS prediction, a higher C-index was observed in the training
cohort (0.769, 95%CI: 0.742-0.796) than the AJCC 7th  staging system (0.671, 95%CI:
0.646-0.696; P < 0.001). Moreover, the validation cohort exhibited a higher C-index
(0.752, 95%CI: 0.713-0.791) compared with the classic tumor staging system (0.667,
95%CI: 0.632-0.702; P < 0.001). These results indicated that these nomograms were
more robust than the existing AJCC staging system.

The discriminatory abilities of the nomogram and the AJCC 7th staging system were
compared by calculating the AUC values. For the training cohort (Figure 2A-2C), the
AUC values of the nomogram for the 3-, 5-, and 10-year OS were 0.783, 0.785, and
0.801, whereas these values were 0.684, 0.696, and 0.693, respectively, for the AJCC 7th

staging system. Regarding the validation cohort (Figure 2D-2F), the AUC values of the
nomogram for the 3-, 5-, and 10-year OS were 0.764, 0.785, and 0.797, whereas those of
the AJCC 7th staging system were 0.682, 0.707, and 0.694, respectively. The same trend
was observed for the 3-, 5-, and 10-year CSS in both the training cohort (Figure 3A-3C)
and  the  validation  cohort  (Figure  3D-3F).  These  results  demonstrated  that  the
nomograms had higher discriminative capacity for predicting OS and CSS compared
with the AJCC 7th staging system.

The results of NRI and IDI calculations are shown in Table 3. The comprehensive
nomogram significantly improved the risk reclassification for 3-, 5-, and 10-year OS
and CSS predictions compared with the AJCC 7th staging system in the training and
validation cohorts.

The calibration plots exhibited a good agreement between predicted and observed
survival for the 3-, 5-, and 10-year OS in the training (Supplement Figure 1A-1C) and
validation cohorts (Supplement Figure 1D-1F). Furthermore, the nomograms showed
excellent consistency with the observed probabilities for CSS at different time points
in the training (Supplement Figures 2A-2C) and validation cohorts (Supplement Fig-
ures 2D-2F). These findings suggested the appreciable reliability of these nomograms.

As shown in Figure 4, DCA showed that the nomograms had good clinical validity
in predicting the 3-, 5-, and 10-year OS and CSS of patients with invasive IPMNs due
to the wide field of threshold probability. Furthermore, preferable net benefit was also
obtained with the formulated nomogram in comparison with the AJCC 7th staging
system at different time points, thereby indicating the favorable clinical utility of these
nomograms.
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Figure 1

Figure 1  Nomogram to predict 3-, 5-, and 10-year overall survival and cancer-specific survival of patients
with invasive intraductal papillary mucinous neoplasms of the pancreas who underwent surgical resection.
A: Nomogram to predict 3-, 5-, and 10-year overall survival of patients with invasive intraductal papillary mucinous
neoplasms of the pancreas who underwent surgical resection; B: Nomogram to predict 3-, 5-, and 10-year cancer-
specific survival of patients with invasive intraductal papillary mucinous neoplasms of the pancreas who underwent
surgical resection.

DISCUSSION
Surgical  resection  is  the  mainstay  of  treatment  for  invasive  IPMNs.  Several
authoritative groups have weighed the evidence and issued guidelines to address the
appropriate management of IPMNs, and surgical indications for invasive IPMNs are
now widely accepted[23-25]. The survival of patients with invasive IPMNs after surgery
is assumed to be higher compared with patients with non-IPMN-related pancreatic
carcinoma. However, invasive IPMN is rare, and most published results are based on
a small number of patients. Thus, the prognosis of patients with invasive IPMNs who
underwent resection is not well  understood. In this study, the 5-year survival of
patients with surgical invasive IPMNs of 34.0% was slightly higher than those of the
previous  large-population  studies,  which  ranged from 19.4% to  24.1%[16,26].  This
difference may be due to improvements in the therapeutic technology for invasive
IPMNs and the exclusion of patients with other types of pancreatic tumors.  This
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Table 2  Univariate and multivariate survival analyses of overall and cancer-specific survival in the training cohort

Variables

OS CSS

Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis

HR (95%CI) P value HR (95%CI) P value HR (95%CI) P value HR (95%CI) P
value

Age (yr)

≤ 60 Reference Reference Reference Reference

60-69 1.33 (1.06-1.67) 0.014 1.41 (1.12-1.79) 0.003 1.10 (0.83-1.46) 0.525 1.10 (0.82-1.47) 0.512

70-79 1.74 (1.39-2.16) < 0.001 1.68 (1.33-2.12) < 0.001 1.22 (0.91-1.62) 0.181 1.16 (0.86-1.56) 0.344

≥ 80 2.47 (1.81-3.35) < 0.001 2.82 (2.04-3.91) < 0.001 1.52 (1.20-2.21) 0.007 1.81 (1.14-2.87) 0.012

Sex

Male Reference Reference Reference Reference

Female 1.12 (0.95-1.32) 0.168 1.10 (0.92-1.31) 0. 300 1.23 (0.98-1.52) 0.068 1.27 (0.99-1.60) 0. 051

Race

White Reference Reference Reference Reference

Others1 0.77 (0.61-0.96) 0.018 0.84 (0.67-1.06) 0.142 0.73 (0.54-0.98) 0.040 0.80 (0.59-1.08) 0.143

Marital status

Married Reference Reference Reference Reference

Unmarried2 1.31 (1.10-1.55) 0.002 1.31 (1.10-1.57) 0.003 1.23 (1.05-1.54) 0.004 1.34 (1.05-1.71) 0.017

Grade

Well differentiated Reference Reference Reference Reference

Moderately differentiated 1.58 (1.25-1.99) < 0.001 1.36 (1.08-1.72) 0.001 1.77 (1.29-2.43) < 0.001 1.39 (1.01-1.92) 0.047

Poorly
differentiated/undifferentiated

2.46 (1.90-3.18) < 0.001 1.73 (1.32-2.28) < 0.001 2.71 (1.90-3.86) < 0.001 1.70 (1.16-2.48) 0.006

Unknown 1.08 (0.82-1.40) 0.598 1.17 (0.89-1.55) 0.253 1.08 (0.74-1.57) 0.707 1.51 (1.02-2.23) 0.040

Tumor location

Head Reference Reference Reference Reference

Body/tail 1.06 (0.86-1.29) 0.605 1.10 (0.83-1.45) 0.524 0.97 (0.74-1.29) 0.853 0.93 (0.62-1.37) 0.700

Others3 0.81 (0.63-1.03) 0.088 0.91 (0.69-1.20) 0.503 0.80 (0.58-1.11) 0.184 0.86 (0.60-1.24) 0.424

T stage

T1 Reference Reference Reference Reference

T2 1.70 (1.23-2.34) 0.001 1.49 (1.03-2.14) 0.033 2.35 (1.36-4.05) 0.002 1.97 (1.09-3.56) 0.026

T3 2.84 (2.12-3.80) < 0.001 1.94 (1.36-2.76) < 0.001 5.38 (3.28-8.82) < 0.001 2.63 (1.36-5.09) 0.004

T4 4.94 (3.36-7.28) < 0.001 3.19 (2.01-5.07) < 0.001 8.03 (5.70-12.61) < 0.001 5.56 (2.17-14.22) < 0.001

N stage

N0 Reference Reference Reference Reference

N1 2.51 (2.13-2.96) < 0.001 2.06 (1.69-2.50) < 0.001 3.33 (2.66-4.18) < 0.001 2.29 (1.72-3.04) < 0.001

M stage

M0 Reference Reference Reference Reference

M1 2.35 (1.75-3.15) < 0.001 1.47 (1.03-2.08) 0.032 2.77 (1.93-3.98) < 0.001 2.65 (1.29-5.44) 0.008

Clinical stage

I Reference Reference Reference Reference

II 2.37 (1.94-2.89) < 0.001 1.13 (0.90-1.41) 0.377 2.72 (1.79-3.96) < 0.001 1.66 (0.96-2.88) 0.071

III 3.55 (2.38-5.29) < 0.001 1.59 (0.74-3.42) 0.235 3.79 (2.53-7.49) < 0.001 1.78 (0.66-4.81) 0.253

IV 4.28 (3.08-5.96) < 0.001 1.72 (0.85-3.81) 0.176 4.99 (3.58-9.68) < 0.001 1.89 (0.82-4.63) 0.155

Tumor size

< 3 cm Reference Reference Reference Reference

3-6 cm 1.66 (1.38-2.00) < 0.001 1.13 (0.91-1.40) 0.261 1.80 (1.40-2.31) < 0.001 1.07 (0.81-1.41) 0.645

> 6 cm 1.25 (1.04-1.74) 0.023 1.03 (0.77-1.37) 0.848 1.43 (1.01-2.00) 0.041 1.06 (0.74-1.54) 0.741

Surgical type

Partial/localized pancreatectomy Reference Reference Reference Reference

Total pancreatectomy 0.90 (0.67-1.21) 0.496 0.97 (0.69-1.35) 0.846 0.78 (0.53-1.16) 0.224 0.75 (0.48-1.17) 0.201

Extensive
pancreatoduodenectomy

0.96 (0.77-1.19) 0.716 0.96 (0.71-1.29) 0.767 0.97 (0.73-1.29) 0.815 0.95 (0.64-1.42) 0.809
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Radiotherapy

None Reference Reference Reference Reference

Adjuvant radiotherapy solely 1.25 (1.04-1.50) 0.015 1.13 (0.90-1.42) 0.303 1.45 (1.14-1.83) 0.002 1.14 (0.86-1.52) 0.430

Others4 0.75 (0.44-1.28) 0.290 0.78 (0.44-1.36) 0.376 1.01 (0.52-1.98) 0.966 0.76 (0.37-1.53) 0.440

Chemotherapy

No/unknown Reference Reference Reference Reference

Yes 0.64 (0.55-0.76) < 0.001 0.72 (0.58-0.89) 0.002 1.27 (1.02-1.58) 0.036 0.70 (0.53-0.92) 0.012

1Including Black, Asian, Pacific Islander, American Indian, and Alaska Native;
2Including single (never married), widowed, and divorced;
3Including pancreatic duct, overlapping lesion of the pancreas, and other specified parts of the pancreas;
4Including neoadjuvant radiotherapy, and radiotherapy before and after surgery. OS: Overall survival; CSS: Cancer-specific survival; HR: Hazard ratio; CI:
Confidence interval.

negative prognosis of invasive IPMN is probably attributed to the considerable risk of
recurrence  after  resection [27].  Postoperative  follow-up  for  invasive  IPMN  is
recommended due to its similarity to pancreatic ductal adenocarcinoma. However,
the correct  approach for  follow-up has not  been fully resolved,  including which
patients experience a poor outcome, when this happens, and how it manifests.

The proposed nomograms in our study comprised seven independent prognostic
factors, namely, age, marital status, histological grade, T stage, N stage, M stage, and
chemotherapy. Here, we demonstrated several novel findings. First, older patients
had higher mortality than younger patients, which was partly because older patients
have more comorbidities and higher perioperative risks[28]. Second, married patients
had better prognosis than unmarried patients. An explanation for this might be that
married patients have less distress, depression, and anxiety than their unmarried
counterparts,  because  a  spouse  can  share  the  emotional  burden  and  provide
appropriate social support[29]. Third, the magnitude of poor prognosis was consistent
with the change in histological grade, T stage, N stage, and M stage, which are the
main components of the TNM staging system. According to the nomograms, patients
with the different abovementioned features were assigned different points and had
different survival outcomes, even if the TNM stage was the same. These results could
partly explain the advantage of the nomograms for predicting prognosis compared
with the TNM staging system[30]. Fourth, chemotherapy was associated with improved
OS and CSS in patients with invasive IPMN. However, Marchegiani[31]  found that
chemotherapy could only prolong the survival period for patients with nodal disease
and tubular differentiation of invasive pancreatic cysts. Further prospective trials
should be conducted to improve the level of evidence regarding the application of
chemotherapy  for  invasive  IPMN  due  to  the  lack  of  evidence-based
recommendations. Finally, given that T stage had the strongest prognostic weight for
OS and CSS, it was converted into 100 points. The remaining variables were assigned
a smaller number of points proportional to their effect size,  which presented the
relative importance of the remaining factors compared with the most significant
factor.

A  positive  surgical  margin  is  associated  with  tumor  recurrence[32].  In  theory,
patients with invasive IPMNs who underwent total pancreatectomy and extended
pancreatoduodenectomy, in which the pancreatic lesions are completely removed,
and local recurrence is eliminated, should achieve a better prognosis than patients
who received local or partial pancreatectomy. However, our study demonstrated an
equivalent  survival  outcome  among  patients  who  received  different  surgical
approaches. The reason for this may be the slow malignant progression of this tumor.
It was reported that a benign IPMN takes 5-7 years to become malignant, whereas
pancreatic neoplasms take 10-12 years to gain metastatic ability[33,34]. In our study, the
mean age at diagnosis of invasive IPMN was 66.31 years. Thus, the risk of a recurrent
lesion might be limited if  we consider the average life  span of  the United States
population, which was 79.2 years in 2018. Another reason might be that IPMN favors
recurrence at distant sites,  rather than pancreatic remnants.  Nearly 1/3 of IPMN
patients harbor other type of tumors, and 13%-61% of deaths among IPMN cases were
caused  by  extra-pancreatic  cancers[35,36].  Therefore,  even  if  pancreatic  cysts  are
completely removed, the risk of relapse cannot be eliminated[37].

By applying the independent prognostic factors from multivariate analysis, we
constructed the first prognostic nomogram to predict 3-, 5-, and 10-year OS and CSS
for patients with invasive IPMNs who underwent surgery. The nomograms work by
ranking the effect  estimates,  and are influenced by the presence of  the included
variables[38]. In these nomogram models, each included factor was ascribed a weighted
point,  and the  total  score  calculated  from the  various  factors  correspond to  the
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Figure 2

Figure 2  Time-dependent receiver operating characteristic curves of the nomogram and the American Joint Committee on Cancer staging system. A: 3-
year overall survival of the training cohort; B: 5-year overall survival of the training cohort; C: 10-year overall survival of the training cohort; D: 3-year overall survival of
the validation cohort; E: 5-year overall survival of the validation cohort; F: 10-year overall survival of the validation cohort.

predicted survival probability of a patient. Patients with a higher score had worse
prognosis.  Using these predictive tools,  we can easily and precisely calculate the
survival probability of individual patients at certain time points. Follow-up even after
resection with negative margins is required for invasive IPMN due to the high risk of
recurrence and the low survival rate. The current guidelines recommend surveillance
after resection for all invasive IPMNs regardless of the postoperative prognosis of
individual patients. These nomograms may help with such recommendations. For
example,  patients  with  favorable  prognosis  should  be  monitored  with  less
unnecessary exposure to imaging and radiation, thereby resulting in low healthcare
costs.  Moreover,  these  predictive  tools  may  also  contribute  to  the  planning  of
postoperative  treatment.  Thus,  patients  with  an isolated tumor recurrence  after
resection may be managed with surgical reintervention if the prognostic prediction is
favorable. Otherwise, secondary surgery may not be appropriate.

At  present,  the  AJCC staging system is  commonly used in  clinical  practice  to
predict the prognosis of malignant patients. The TNM staging system depends purely
on  the  anatomical  extent  of  the  cancer  and  ignores  the  effect  of  other  possible
prognostic variables. Significant heterogeneity existed for patients at the same stage,
and consequently, the predictive efficiency based on these issues may not be entirely
precise. Compared with the AJCC 7th staging system, the current nomograms showed
excellent predictive accuracy and discriminative ability. Moreover, the NRI and IDI
quantitatively proved that these nomograms have a significantly increased likelihood
of unfavorable prognostic identification, and are more effective than the traditional
TNM classification. Perfect predictive accuracy is not equal to usefulness in practice.
When the threshold probabilities of the net benefit are unrealistic, a model with good
performance might also have limited applicability[39]. Therefore, we applied the DCA
curves to investigate the clinical validity of our nomograms, and the results further
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Figure 3

Figure 3  Time-dependent receiver operating characteristic curves of the nomogram and the American Joint Committee on Cancer staging system. A: 3-
year cancer-specific survival of the training cohort; B: 5-year cancer-specific survival of the training cohort; C: 10-year cancer-specific survival of the training cohort; D:
3-year cancer-specific survival of the validation cohort; E: 5-year cancer-specific survival of the validation cohort; F: 10-year cancer-specific survival of the validation
cohort.

proved their superiority to the traditional AJCC TNM classification.
Although the  SEER database  provides  a  large  population  sample,  there  were

several limitations. First, retrospective analyses of secondary data were inevitably
influenced by selection bias. Second, because determining the subtype preoperatively
was not possible, data regarding classification of MD-IPMN, BD-IPMN, and MT-
IPMN were unavailable in the SEER dataset but potentially influenced the prognosis.
Moreover, we could not conduct this study by following the newest classification and
concept of the classification of IPMN. Third, the detailed information on radiotherapy,
chemotherapy, the side effects of the operation, and the long-term complications,
which may also affect patients’ prognosis, were not available in the SEER database.
Fourth, recurrence is the primary cause of death of invasive IPMN, but we could not
evaluate  it  as  one of  the  endpoints  due to  the  lack of  relevant  data  in  the  SEER
database. Fifth, the diagnostic criteria and therapeutic approach for invasive IPMN
have been significantly changed during the recruitment time of this study (1996-2016).
However, we could not explore the impact of these changes on prognosis due to
insufficient information. Finally, due to the retrospective nature of our study, the
nomograms were developed and validated in the same database. Thus, it is more
reliable to validate them prospectively or at least in another dataset.

In conclusion, we constructed nomograms to estimate the probability of OS and
CSS in patients with invasive IPMNs who underwent surgical resection using a large,
population-based dataset with long-term follow-up. These nomograms outperformed
the 7th  edition of the AJCC staging system in predictive accuracy, discrimination
capability, and clinical applicability. These predictive tools effectively help clinicians
identify patients who are at high risk of postoperative death at different timepoints,
and  in  making  more  precise  clinical  decisions  on  secondary  surgery,  adjuvant
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Table 3  The net reclassification improvement and integrated discrimination improvement of the
nomogram compared to the American Joint Committee on Cancer 7th staging system

Category NRI (95%CI) P value IDI (95%CI) P value

OS

Training set

3-yr OS 0.564 (0.413-0.731) < 0.001 0.106 < 0.001

5-yr OS 0.467 (0.292-0.653) < 0.001 0.104 < 0.001

10-yr OS 0.458 (0.323-0.715) < 0.001 0.091 < 0.001

Validation set

3-yr OS 0.526 (0.344-0.714) < 0.001 0.095 < 0.001

5-yr OS 0.455 (0.225-0.697) < 0.001 0.092 < 0.001

10-yr OS 0.529 (0.234-0.764) < 0.001 0.076 < 0.001

CSS

Training set

3-yr OS 0.570 (0.293-0.763) < 0.001 0.076 < 0.001

5-yr OS 0.376 (0.225-0.673) < 0.001 0.072 < 0.001

10-yr OS 0.421 (0.174-0.662) < 0.001 0.068 < 0.001

Validation set

3-yr OS 0.461 (0.246-0.752) < 0.001 0.065 < 0.001

5-yr OS 0.368 (0.197-0.680) < 0.001 0.060 < 0.001

10-yr OS 0.436 (0.188-0.711) < 0.001 0.059 < 0.001

OS: Overall survival; CSS: Cancer-specific survival; NRI: Net reclassification improvement; IDI: Integrated
discrimination improvement; CI: Confidence interval.

therapy, and follow-up strategies.
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Figure 4

Figure 4  Decision curve analyses of the nomogram and the American Joint Committee on Cancer staging system. A: 3-year overall survival of the training
cohort; B: 5-year overall survival of the training cohort; C: 10-year overall survival of the training cohort; D: 3-year overall survival of the validation cohort; E: 5-year
overall survival of the validation cohort; F: 10-year overall survival of the validation cohort; G: 3-year cancer-specific survival of the training cohort; H: 5-year cancer-
specific survival of the training cohort; I: 10-year cancer-specific survival of the training cohort; J: 3-year cancer-specific survival of the validation cohort; K: 5-year
cancer-specific survival of the validation cohort; L: 10-year cancer-specific survival of the validation cohort.

ARTICLE HIGHLIGHTS
Research background
Patients with invasive intraductal papillary mucinous neoplasms (IPMNs) of the pancreas after
resection have a distinct unfavorable prognosis. Clinicians need an effective prognostic tool to
predict the survival probability of individual patients and to plan further clinical management.
To date, no previous study has focused on a predictive model for the prognosis of IPMNs.

Research motivation
Considering the rarity and the indolent course of IPMNs, it is difficult to develop a prognostic
nomogram for IPMNs in a single institution. Thus, a prognostic nomogram should be performed
based on a population-based cohort with long-term follow-up to achieve the best conclusion. The
Surveillance, Epidemiology, and End Results database has provided useful data on prognosis in
patients with IPMNs.

Research objectives
We aimed to develop and validate comprehensive nomograms to estimate the probability of
long-term overall survival and cancer-specific survival in individual patients with invasive
IPMNs of the pancreas who underwent surgical resection.
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Research methods
The  information  on  patients  with  invasive  IPMNs after  resection  was  extracted  from the
Surveillance, Epidemiology, and End Results database, and then randomly divided into the
training  and  the  validation  cohorts  (roughly  7:3).  Based  on  the  Cox  regression  model,
nomograms were constructed to predict the probability of overall survival and cancer-specific
survival at different time points for an individual patient. The performance of the nomogram
was measured with respect to discrimination, calibration, and clinical utility. Moreover, we
compared the predictive accuracy of the nomograms with that of the traditional staging system.

Research results
In the training cohort,  age,  marital  status,  histological type, T stage,  N stage,  M stage,  and
chemotherapy  were  selected  to  construct  nomograms.  Compared  to  the  American  Joint
Committee on Cancer 7th  staging system, the formulated nomograms in this study showed
perfect performance with respect to discrimination, calibration, reclassification, and clinical
usefulness.

Research conclusions
The nomograms showed improved predictive accuracy, discrimination capability, and clinical
utility.

Research perspectives
These new predictive models need to be validated by a prospective study or at least in another
dataset.
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