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a b s t r a c t

Background: Mucinous Cystic Neoplasms are mucin producing cysts of the pancreas with malignant
potential. The existing literature on treatment outcomes is limited to relatively small surgical series.
Methods: We reviewed the National Cancer Database assessing the outcomes of patients with mucinous
cystic neoplasms between 2004 and 2016. Kaplan-Meier method and log rank test were used to make
survival comparisons.
Results: A total of 707 patients were identified; 492(69.6%) underwent pancreatectomies. The majority of
patients were women (71.4%), with median age 65 years (range: 22e90). Most common operation was
partial pancreatectomy ie distal (48.4%) whereas 21.7% underwent a Whipple. Patients who were not
operated were more frequently stage IV (40%) whereas patients who were operated had more frequently
invasive adenocarcinoma (74.8%). Patients who underwent pancreatectomy had better survival
compared to these who didn’t undergo surgery (81.4 vs 6.6 months; p < 0.001). Comparing patients who
underwent pancreatectomy and had invasive disease versus patients who had in situ disease the former
were older (median age 62 vs 55.5 years p ¼ 0.004) and more frequently men (26.1 vs 16.1%; p ¼ 0.03),
however they had similar tumor size (5.5 vs 7 cm respectively; p ¼ 0.14) and similar tumor differenti-
ation (moderately differentiated 50% vs 38.1%; p ¼ 0.49). Patients with non-invasive (in situ) disease had
prolonged survival compared to these with invasive disease (median OS not reached vs 50.2months;
p < 0.001). After Cox proportional hazard regression nodal positive disease was the most important
factor of decreased survival for invasive adenocarcinoma (HR: 2.2; p < 0.001).
Conclusion: Patients with adenocarcinoma arising from a mucinous cystic neoplasm of the pancreas have
excellent survival when they undergo pancreatectomy especially if the disease is still in situ. However, 3/
4 of patients who undergo resection have already developed invasive adenocarcinoma and nodal status
dominates their prognosis. Advanced age but not the size of the cyst correlate with the presence of
invasive disease.

© 2020 Elsevier Inc. All rights reserved.
Introduction

Pancreatic mucinous cystic neoplasms (MCNs) are mucin pro-
ducing pancreatic cysts with malignant potential, occurring typi-
cally in peri-menopausal women. Their incidence in surgical series
of resected pancreatic cysts varies between 10 and 45%.1e3

Most of the guidelines on the management of pancreatic cystic
lesions recommend resection for MCNs due to their malignant
potential.4e6 The European guidelines recommend a more selective
approach and recommend resection for lesions that are �4 cm, are
, El Paso, TX, 79911, USA,
(I.T. Konstantinidis).
symptomatic or have radiologic risk factors.7 The existing surgical
series reporting treatment outcomes for MCNs have identified
factors associated with malignancy (size �6 cm, presence of nod-
ules, duct dilation, male, pancreatic head and neck location).8,9

However, these studies are coming from tertiary centers, are rela-
tive small and do not reflect the nationwide management of these
tumors.

In an effort to overcome the above limitations, we examined the
National Cancer Database, as it captures approximately 70% of new
cancer patients treated nationwide with detailed clinicopathologic
and treatment data.10 Furthermore, it separates cases of in situ
adenocarcinoma or invasive adenocarcinoma. The aims of the
present study were to determine nationwide outcomes in the
treatment of MCNs, to compare patients with in situ vs invasive
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adenocarcinoma and identify factors associated with survival for
invasive disease.
Materials and methods

The National Cancer Database (NCDB) is a hospital-based cancer
registry sponsored by a joint program between the American Col-
lege of Surgeons Commission on Cancer (CoC) and the American
Cancer Society. It captures data from more than 1500 hospitals.10

For the purpose of this study we used the Participant Use Data
Files (PUF) for Pancreas which are Health Insurance Portability and
Accountability Act (HIPAA)-compliant data files containing de-
identified data. We reviewed patient data of patients 18 years or
Table 1
Clinicopathologic characteristics of 492 patients who underwent pancreatectomy
for Mucinous Cystic Neoplasms of the Pancreas.

Variable n (%)

Median Age (range), y 60 (22e90)
Female gender 376(76.4)
Race
White 410 (83.3)
African American 52 (10.6)
Other 30 (6.1)

Insurance status
Private 241 (49)
Medicare 184 (37.4)
Medicaid 28 (5.7)
Other/Uninsured 39 (7.9)

Charlson-deyo comorbidity index
0 330(67.1)
1 125(25.4)
2 26(5.3)
�3 11(2.2)

Histology/behavior
Invasive 368 (74.8)
In-Situ 124(25.2)
Grade N ¼ 275
Well differentiated 85 (31)
Moderately differentiated 135(49)
Poorly/un-differentiated 55(20)

Primary site
Head 112(22.8)
Body 48(9.8)
Tail 243(49.4)
Other 89 (18)

Type of Pancreatectomy
Partial pancreatectomy (ie distal) 238(48.4)
Pancreaticoduodenectomy (Whipple) 107(21.7)
Total pancreatectomy 32(6.5)
Other 115(23.4)

Surgical Margins N ¼ 457
R0 427(93.4)
R1 27 (5.9)
R2 3 (0.7)

Regional nodes examined N ¼ 431
Positive nodes 68 (15.8)

Hospital Type N ¼ 439
Academic/Research NCI designated 209 (47.6)
Comprehensive community cancer programs 143(32.6)
Integrated network cancer programs 64(14.6)
Community cancer programs 23(5.2)

Hospital Stay, median (range) d 7(0e134)
Readmission within 30 d N ¼ 470 32(6.8)
30 d mortality N ¼ 449

13 (2.9)
90 d mortality N ¼ 447

29 (6.5)
older, from 2004 to 2016, with the histologically confirmed diag-
nosis of mucinous cystic neoplasms. Only patients with the histo-
logic code of 8470 (mucinous cystadenocarcinoma) were included
(International Classification of Diseases for Oncology, 3rd edition
(ICD-O-3)) and we excluded all other codes including mucinous
adenocarcinoma and papillary mucinous adenocarcinoma to pre-
vent contamination from pancreatic ductal adenocarcinoma and
intraductal papillary mucinous adenocarcinoma patients.

Patient demographics including age, gender, race, insurance
status, operative data such as type of surgery, pathology data such
as tumor size and differentiation. Postoperative outcomes exam-
ined included length of stay, readmission within 30 days, mortality
at 30-days, and 90-days. Long term outcome was examined with
overall survival. Patient comorbidity was expressed with the
Charlson Comorbidity Index (CCI). With regards to the surgical
margins we used the following definitions: R0: margins are
microscopically negative, R1: microscopic residual tumor, R2:
macroscopic residual tumor. Cases coded as: residual tumor no
otherwise specified or margins not evaluable were treated as un-
known. With regards to the behavior of the tumor. Benign tumors
or tumors of uncertain behavior are not reported to the NCDB. All
the tumors included in this study had an NCDB code of Carcinoma
In Situ (confined to epithelium) or Invasive (invasive adenocarci-
noma). With regards to tumor size this variable describes the most
accurate measurement of a solid primary tumor, usually measured
on the surgical resection specimen.

Statistical analysis

Continuous variables are presented as median and range. Cat-
egorical variables are presented as proportions. Group differences
were assessed using Fisher exact or Pearson c2 test for categorical
variables. Continuous variables were compared with the student’s
t-test when the distributionwas normal, or theWilcoxon rank-sum
test and Kruskal-Wallis test when the distribution was not normal.

Survival curves were constructed with the Kaplan-Meier
method and differences assessed with the log rank test. Cox pro-
portional hazard regression model was used as appropriate. Sta-
tistical analysis was performed using SPSS Statistics v23 software
(IBM Corp., Armonk, NY).

Results

1 Clinicopathologic characteristics

During the period 2004e2016, we identified 707 patients with
the diagnosis of Mucinous Cystic Adenocarcinoma, 492 (69.6%)
underwent pancreatectomy and represent the focus of this study.
The majority of these patients were women (76.4%) and white
(83.3%) with a median age of 60 years and a Charlson comorbidity
index of 0 for 67.1%. Table 1 illustrates the clinicopathologic data of
the surgical cohort.

Most common pancreatectomies were partial pancreatectomies
(ie distal, 48.4%) and Whipples (21.7%). Surgical margins were
negative in 93.4%. Lymph nodes were evaluated in 431 patients
(88%) and were positive in 15.8%. Lymph node positivity for
resected invasive adenocarcinomas was 18.5%. The majority of tu-
mors were moderately differentiated (49%).

Median length of hospital stay was 7 days; 30-day readmission
and mortality rates were 6.8% and 2.9% respectively, whereas 90-
day mortality rate was 6.5%.

2 Mucinous Cystadenocarcinomas. In Situ versus Invasive

Table 2 illustrates a comparison between the patients who had



Table 2
Comparison of 124 patients with in situ adenocarcinoma versus 368 patients with invasive adenocarcinoma arising from a Mucinous Cystic Neoplasm of the Pancreas.

Factor n(%) In-Situ n ¼ 124 Invasive n ¼ 368 P value

Median Age (yrs) 55.5 62 0.004
Male Gender 20 (16) 96 (26) 0.03
Charlson-deyo comorbidity index 0.5
0 85(68.5) 245(67)
1 27(22) 98(27)
2 9(7) 17(5)
�3 3(2) 8(2)

Median Tumor size (cm) 7 5.5 0.14
Tumor differentiation 0.5
Well differentiated 7(33) 78(31)
Moderately differentiated 8(38) 127(50
Poorly/un-differentiated 6(29) 49(19)

Type of Pancreatectomy 0.1
Partial pancreatectomy (ie distal) 70(56.5) 168(46)
Pancreaticoduodenectomy (Whipple) 18(14.5) 89(24)
Total pancreatectomy Other 9(7) 23(6)

Readmission within 30 d 9(7) 23(7) 0.8
30 d mortality 1(1) 12(3) 0.3
90 d mortality 1(1) 28(8) 0.02
Median Survival -months Not reached 50.2 <0.001
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in situ (n ¼ 124) versus invasive (n ¼ 368) adenocarcinoma. The
invasive group was older (62 vs 55.5 years; p ¼ 0.004) and with
higher proportion of men (26% vs 16%; p ¼ 0.03).

There was no difference in the Charlson comorbidity index, type
of operations performed, tumor differentiation, re-admission and
30 day mortality rates. The 90 day mortality rate was elevated in
the invasive group (8% vs 1%; p ¼ 0.02). Interestingly, tumor size
was larger for the in situ group although this didn’t reach statistical
significance (7 cm vs 5.5 cm; p ¼ 0.14). The medial overall survival
of patients with non-invasive disease was not reached (median
fu ¼ 49.5 months) versus 50.2 months for those with invasive
Fig. 1. Survival Outcomes for 492 patients who underwent pancreatectomy for Mucinous Cys
survival versus patients with invasive disease (n ¼ 356) (Median OS: not reached versus 5
adenocarcinoma (median fu ¼ 33 months) (p < 0.001;Fig. 1).

3 Long term Outcome for Invasive Mucinous
Cystadenocarcinomas

Patients who didn’t undergo surgery had more frequently stage
IV disease (40%) and a median overall survival of 6.6 months,
significantly worse compared to patients with invasive diseasewho
underwent resection (50.2 months; p < 0.001; 5 year overall sur-
vival 35.4%).

Table 3 represents a multivariate logistic regression analysis for
tic Neoplasms. Patients with non-invasive disease (n¼ 96) has a significantly improved
0.2months; p < 0.001).



Table 3
Multivariate Cox Proportional Hazard Regression Model for predictors of overall
survival in patients with MCN who underwent pancreatectomy and were found to
have invasive adenocarcinoma.

Factor HR (95% CI) P value
Age 1.03 (1e1.05) 0.007
Gender
Male (ref)
Female 1.32 (0.88-1.98) 0.17

Race
White (ref)
African American 1.4(0.7-2.7) 0.3
Other 0.6(0.2-1.9) 0.35

Charlson Comorbidity Index
0 (ref)
1 1.2 (0.7-1.8) 0.5
�2 1.1 0.7

Facility Type
Academic/Research NCI designated (ref)
Comprehensive community cancer programs 1.2 (0.8-1.9) 0.4
Integrated network cancer programs 1.6 (0.9e2.8) 0.08
Community cancer programs 0.9 (0.3e2.3) 0.8

Surgical Margin
R0 (ref)
R1 1.3 (0.7-2.4) 0.4

Lymph Node positivity
N0 (ref)
N1 2.2 (1.5-3.3) <0.001

Tumor differentiation
Well differentiated (ref)
Moderately differentiated 1.2 (0.8e1.9) 0.4
Poorly/un-differentiated 1.3 (0.8e2.3) 0.3
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overall survival for patients with invasive adenocarcinoma. The
most powerful predictor for survival was the status of the regional
lymph nodes. The median OS for patients with nodal positive dis-
ease was significantly worse compared to patients with nodal
Fig. 2. Survival Outcomes for 315 patients who underwent pancreatectomy for Mucinous C
negative disease (N ¼ 248) median OS 81.4months vs 16 months for node positive disease
negative disease (16 months (median fu ¼ 16months) vs
81.4months (median fu ¼ 43 months); p < 0.001; Fig. 2).
Discussion

Mucinous cystic neoplasms (MCNs) of the pancreas are rela-
tively rare. Due to their malignant potential surgical resection is
recommended in appropriate candidates.4,5 In this contemporary
large series utilizing the National Cancer Database and reflecting
nationwide outcomes on patients with in situ or invasive adeno-
carcinoma, patients with non-invasive disease had an excellent
outcome with median overall survival not reached whereas pa-
tients with invasive cancer had a 5Y survival of 35.4%. Interestingly,
the pathologic size between in situ and invasive disease was not
different with even large tumors could have only in situ disease.
Patients with invasive disease were 6.5 years older and more
frequently men compared to patients with in situ disease. The most
powerful prognostic factor for invasive adenocarcinoma was the
lymph node status.

The existing series on MCNs are relatively small. In one of the
largest earlier reports combining the experience of Massachusetts
General Hospital and University of Verona with 163 resected pa-
tients factors associated with malignancy were older age and a cyst
size 6 cm or larger.8 In a recent report from the Central Pancreas
consortium spanning 15 years and data on 349 patients from 8
institutions preoperative factors associated with the risk of malig-
nancy were male gender, location at the pancreatic head and neck,
increased radiographic size, presence of a solid component or
mural nodule and pancreatic duct dilation.9 Our patient cohort is
different as patients with benign MCNs are not being reported to
NCDB and the tumor size reported is routinely pathologic tumor
size for resected cases and not radiologic. However, we found a
difference of 6.5 years between in situ and invasive adenocarci-
noma groups which supports an adenoma to carcinoma model.
Interestingly, patients with large tumors could have only in situ
disease underlining the importance of radiologic features (mural
ystic Neoplasm with invasive adenocarcinoma according to lymph node status (node
(n ¼ 67); p < 0.001).
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nodules, pancreatic duct dilation) when evaluating these cysts.9

Adenocarcinoma associated with MCNs appears to be distinct
and biologically less aggressive compared to pancreatic adenocar-
cinoma. In the current series lymph node positivity for invasive
cancers was only 18.5% and dominated the prognosis whereas 5
year overall survival for invasive disease was 35.4%. These numbers
are much more favorable compared to resected pancreatic ductal
adenocarcinoma where lymph node positivity occurs in the ma-
jority of patients and 5 year survival rates are only around 15%.11 It
is likely that some patients with MCNs have indolent disease and
can be followed, however at present we do not have the ability to
select these patients. The European guidelines suggest the option of
surveillance for cysts less than 4 cm without concerning radiologic
features.7

There are several limitations to this study. National Cancer
Database is a population-based database with the highest quality
standards on data collection, validation and reporting. However,
the possibility of reporting errors is always existent and even with
utilization of the specific histologic code for MCNs the possibility
that the database includes some IPMNs is real. There are no
radiologic data available which is a major determinant in decision
making for MCNs. Survival is measured as overall survival rather
than disease-specific survival. Despite these weaknesses, NCDB
provides a substantial amount of clinicopathologic, oncologic, and
treatment data reflecting the nationwide practice patterns in the
United States.

Conclusions

In conclusion, the current study utilizing a very large cohort of
Mucinous Cystic Neoplasms of the pancreas from the National
Cancer Database shows excellent outcomes for adenocarcinoma in
situ and 5Y survival of 35.4% for invasive disease with the lymph
node status dominating prognosis. Patients with invasive adeno-
carcinoma were 6.5 years older and more frequently men
compared to patients with in situ. Interestingly, the pathologic size
between in situ and invasive adenocarcinomawas not different and
even large tumors can have only in situ adenocarcinoma.
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