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Purpose: To establish the effect of incidental pancreatic cysts found 
by using computed tomographic (CT) and magnetic reso-
nance (MR) imaging on the incidence of pancreatic ductal 
adenocarcinoma and overall mortality in patients from an 
inner-city urban U.S. tertiary care medical center.

Materials and 
Methods:

Institutional review board granted approval for the study 
and waived the informed consent requirement. The study 
population comprised cyst and no-cyst cohorts drawn 
from all adults who underwent abdominal CT and/or MR 
November 1, 2001, to November 1, 2011. Cyst cohort in-
cluded patients whose CT or MR imaging showed inci-
dental pancreatic cysts; no-cyst cohort was three-to-one 
frequency matched by age decade, imaging modality, and 
year of initial study from the pool without reported inci-
dental pancreatic cysts. Patients with pancreatic cancer 
diagnosed within 5 years before initial CT or MR were 
excluded. Demographics, study location (outpatient, in-
patient, or emergency department), dates of pancreatic 
adenocarcinoma and death, and modified Charlson scores 
within 3 months before initial CT or MR examination 
were extracted from the hospital database. Cox hazard 
models were constructed; incident pancreatic adenocar-
cinoma and mortality were outcome events. Adenocarci-
nomas diagnosed 6 months or longer after initial CT or 
MR examination were considered incident.

Results: There were 2034 patients in cyst cohort (1326 women 
[65.2%]) and 6018 in no-cyst cohort (3,563 [59.2%] 
women); respective mean ages were 69.9 years 6 
15.1(standard deviation) and 69.3 years 6 15.2, respec-
tively (P = .129). The relationship between mortality and 
incidental pancreatic cysts varied by age: hazard ratios 
were 1.40 (95% confidence interval [CI]: 1.13, 1.73) for 
patients younger than 65 years and 0.97 (95% CI: 0.88, 
1.07), adjusted for sex, race, imaging modality, study loca-
tion, and modified Charlson scores. Incidental pancreatic 
cysts had a hazard ratio of 3.0 (95% CI: 1.32, 6.89) for 
adenocarcinoma, adjusted for age, sex, and race.

Conclusion: Incidental pancreatic cysts found by using CT or MR im-
aging are associated with increased mortality for patients 
younger than 65 years and an overall increased risk of 
pancreatic adenocarcinoma.
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Cohort Selection
The institutional database was surveyed 
by using a decision support tool (DST) 
(Clinical Looking Glass; Streamline 
Health, Atlanta, Ga) that integrates 
information from various hospital da-
tabases, including medical records, 
cancer registry, and radiology records 
(18).

Cyst cohort.—The DST database 
was searched for abdominal CT or MR 
imaging performed between November 
1, 2001, and November 1, 2011, in pa-
tients 18 years and older, for reports 
that contained the terms “pancr*” and 
“cyst*” in the same sentence. Reports 
that contained standardized negations 
(ie, the term “no cystic pancreatic”) 
were excluded. For each patient, the 
date of the earliest study meeting the 
search criteria was the index date. Pa-
tients with a diagnosis of any pancreatic 
neoplasm within 5 years before the in-
dex date were excluded.

All reports extracted from DST by 
the initial search were manually re-
viewed by one of two board-certified fel-
lowship-trained abdominal radiologists  
(V.C. or M.F., with 11 and 9 years of 
experience, respectively). Patients with 
the following were excluded: history or 
signs of acute pancreatitis, autosomal 
dominant polycystic kidney disease or 
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Advances in Knowledge

nn Incidental pancreatic cysts are 
associated with three times 
increased risk of pancreatic 
ductal adenocarcinoma in adult 
population.

nn The effect of an incidental pan-
creatic cyst on overall mortality 
is age-related; all-cause mortality 
is 40% higher in patients older 
than 65 years and unchanged in 
patients 65 years or older.

Implications for Patient Care

nn In patients younger than 65 years 
with a diagnosis of incidental 
pancreatic cysts by using CT or 
MR imaging, there is increased 
risk of both pancreatic adenocar-
cinoma and overall mortality: 
therefore, in this group, surveil-
lance is warranted.

nn In patients 65 years or older with 
incidental pancreatic cysts, there 
is increased risk of pancreatic 
adenocarcinoma, but no change 
in overall mortality compared 
with patients without cysts; 
therefore, aggressive surveillance 
may not be warranted in this age 
group.

Incidental pancreatic cysts are de-
fined as those discovered on imag-
ing studies performed either for 

pathologic evaluation in organs other 
than pancreas or for symptoms not 
specific to pancreatic disease (1). De-
tection of incidental pancreatic cysts 
is increasingly common because of 
ongoing technical improvements and 
increases in imaging utilization. The 
prevalence of pancreatic cysts is re-
ported to be up to 2.6% by using 
computed tomographic (CT) imag-
ing and up to 20% by using magnetic 
resonance (MR) imaging (2–5). The 
majority of the cysts represent mucin-
ous lesions, such as mucinous cystic 
neoplasms and intraductal papillary 
mucinous neoplasms, because pseu-
docysts account for only about 4% of 
asymptomatic pancreatic cysts and 
true epithelial cysts of the pancreas 
are rare in the absence of systemic 
cystic disease, such as von Hippel-
Lindau disease or polycystic kidney 
disease (6,7).

Although mucinous lesions are 
considered to be premalignant, cur-
rent guidelines allow for conservative 
treatment of patients with pancreatic 
cysts, particularly those with cysts 
smaller than 3 cm (8–11). Patients 
deemed appropriate for conserva-
tive treatment undergo repeated fol-
low-up, often without a definable end 
(10,11). The rate of malignancy in pan-
creatic cysts selected for radiographic 
follow-up is reported to be 1%–3% 
(12,13). In addition to the risk of a 
cyst-related malignancy, incidental 
pancreatic cysts have been shown to 
be associated with pancreatic ductal 

adenocarcinoma elsewhere in the pan-
creas among those with familial pan-
creatic cancer and in the Japanese 
population (14–17). Despite a large 
body of literature that assesses the 
relationship between pancreatic cysts 
and the risk of malignancy, to our 
knowledge, no study has evaluated 
the relationship between incidental 
pancreatic cysts and mortality.

The goal of our study was to estab-
lish the effect of incidental pancreatic 
cysts found by using CT and MR imag-
ing on the incidence of pancreatic duc-
tal adenocarcinoma and overall mortal-
ity in patients from an inner-city urban 
U.S. tertiary care medical center.

Materials and Methods

Institutional review board granted ap-
proval for the study and waived the 
informed consent requirement. The 
study was compliant with Health In-
surance Portability and Accountabil-
ity Act regulations. The study was 
supported by National Institutes of 
Health Clinical and Translational 
Science Awards Grant Number 1UL-
1TR001073 from the National Center 
for Advancing Translational Sciences. 
The study was designed as a retro-
spective cohort, with the presence of 
an incidental pancreatic cyst on ab-
dominal CT or MR images defined as 
the exposure.
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von Hippel-Lindau syndrome, reports 
with uncertain origin of the cyst, re-
ports with uncertainty in the cyst de-
scription and lack of follow-up study 
confirming presence of the pancreatic 
cyst, reports with clinical indication of 
pancreatic lesion evaluation, or use of a 
pancreatic protocol.

In patients who had a report that 
referenced a previous imaging study, 
the radiology records were reviewed. 
The index date was changed to the 
earlier date if the earliest report that 
described a pancreatic cyst was per-
formed between November 1, 2001, 
and November 1, 2011, in our institu-
tion. If the earliest study that described 
the pancreatic cyst was performed be-
fore November 1, 2001, or if its report 
was not available in our system, the pa-
tient was excluded. The index date was 
kept as the date of the DST-extracted 
report if the earlier studies did not de-
scribe a pancreatic cyst.

No-cyst cohort.—The pool of pa-
tients without a reported pancreatic 
cyst was established by searching the 
DST database for the reports of ab-
dominal CT or MR imaging performed 
between November 1, 2001, and No-
vember 1, 2011, in patients who were 
18 years or older, where the reports 
did not contain the terms “pancr*” 
and “cyst*” in the same sentence. The 
date of the earliest study was the in-
dex date for each patient. Patients 
with a diagnosis of any pancreatic 
neoplasm within 5 years before the 
index date and patients in the cyst 
cohort were excluded from the pool. 
The no-cyst cohort was then randomly 
selected, with frequency match on 
modality (CT vs MR imaging), age de-
cade, and year of the index date. The 
ratio of the nonexposed (ie, no cyst) 
to exposed (ie, cysts) patients was 
three to one, respectively.

Clinical Data
Demographic data, location of the 
index imaging study (outpatient, in-
patient, or emergency department), 
date of pancreatic cancer diagnosis, 
date of death, tumor location, and 
histologic analysis as recorded in the 
cancer registry were extracted from 

DST. For each patient, the date of the 
most recent encounter, defined as the 
date of the latest laboratory test, im-
aging study, or outpatient, inpatient, 
or emergency department visit was 
obtained. Modified Charlson comor-
bidity index was calculated by DST for 
each patient by using the data from the 
outpatient, inpatient, and emergency 
department encounters within 90 
days before to the index date. Charl-
son comorbidity index is a validated 
tool for prognosis of mortality and for 
comorbidity adjustment (19–21). The 
score combines information about the 
patient regarding age and history of 
the following: myocardial infarction, 
congestive heart failure, peripheral 
vascular disorders, cerebrovascular 
disease, dementia, chronic pulmonary 
disease, rheumatologic disease, peptic 
ulcer disease, mild liver disease, mod-
erate or severe liver disease, diabetes 
without complications, diabetes with 
chronic complications, hemiplegia or 
paraplegia, renal disease, any malig-
nancy, metastatic solid tumor, and 
human immunodeficiency virus or ac-
quired immunodeficiency syndrome.

Data from Imaging Reports
The following imaging characteristics 
of the pancreatic cysts were recorded 
for every patient in the cyst cohort 
from the imaging report: number of 
cysts, location and the largest dimen-
sion of the largest cyst, presence of 
enhanced component, septations, cal-
cifications, main pancreatic ductal dila-
tation, and regional lymphadenopathy. 
The number of the pancreatic cysts 
was recorded as one or greater than 
one. Cases with the largest cyst, de-
scribed as sub-centimeter, were coded 
separately from those with no reported 
size. Pancreatic ductal dilatation was 
present if the report described main 
pancreatic ductal as either dilated or 
prominent, or if the report provided 
main pancreatic ductal measurement 
larger than 3 mm.

Statistical Analysis
Statistical analysis was performed with 
statistical software (Stata version 13.1; 
StataCorp, College Station, Tex). P 

values less than .05 indicated statistical 
significance.

Bivariate associations of the con-
tinuous variables were compared by 
using student t test or Wilcoxon rank-
sum test, as appropriate. Bivariate as-
sociations of the categorical variables 
were compared by using the x2 test or 
Fisher exact test, as appropriate. Cu-
mulative incidences were calculated 
by using the life table and Kaplan-
Meier methods and compared by us-
ing the log-rank test.

Cox proportional hazard model 
with incident pancreatic adenocarci-
noma as the outcome was constructed 
and censored at the date of the latest 
encounter. Incident pancreatic ade-
nocarcinomas were defined as cases 
diagnosed at least 6 months after the 
index date. Cases with pancreatic ad-
enocarcinoma diagnosed less than 6 
months after the index date and any 
with other pancreatic neoplasm histo-
logic results were excluded from this 
analysis. Only one variable (the pres-
ence of a pancreatic cyst) was found 
to have a P value less than .10 at the 
bivariate analysis, and it was included 
in the initial model. Age, sex, and 
race were also included because they 
were to be included in the final model 
a priori. A forward stepwise selection 
approach was used to evaluate other 
covariates (modality, study location, 
and Charlson score), with entry cri-
teria defined as either 10% or greater 
change in the coefficient of the vari-
able of interest (presence of a pancre-
atic cyst) or statistical significance of 
the coefficient for the covariate. First-
order interactions with the variable of 
interest were not evaluated because of 
insufficient power to detect the inter-
actions in this model.

Cox proportional hazard model 
with all-cause mortality as the out-
come was constructed and censored 
either at November 1, 2011, or at 
the date of the most recent encoun-
ter, whichever was most recent. This 
method was used because the DST 
contains full social security death 
data until only November 1, 2011, 
and death data from hospital records 
thereafter. Covariates with P values 
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Table 1

Summary of the 1019 Reports Excluded from the Cyst Cohort

Reason for Exclusion No. of Reports Percentage

Uncertain description of the pancreatic findings 257 25.2
Clinical indication of pancreatic mass evaluation and/or use of  

a pancreatic protocol
161 15.8

Clinical indication or imaging findings of acute pancreatitis or  
its sequela

151 14.8

Single sentence described both pancreas and a nonpancreatic  
cystic process

123 12.1

Initial report describing the pancreatic cyst(s) performed before  
November 1, 2001

61 6.0

Negation of presence of a pancreatic cyst 53 5.2
Diagnosis of autosomal dominant polycystic kidney disease 44 4.3
Uncertain origin of the cystic lesion 41 4.0
Initial description of the pancreatic cyst found by using  

ultrasonographic imaging
39 3.8

Initial description of the pancreatic cyst in the outside institution 37 3.6
Solid pancreatic mass with cystic components 18 1.7
Missing clinical indication 16 1.6
Status after pancreatic surgery 12 1.2
Diagnosis of von Hippel-Lindau disease 5 0.5
Initial description of the pancreatic cyst at ,18 years of age 1 0.1

less than .10 at the bivariate analysis 
were included in the initial model. 
The final model was constructed by 
using a backward stepwise selection 
approach, with exit criteria defined as 
a change in the coefficient of the vari-
able of interest (ie, presence of a pan-
creatic cyst) of 10% or less and lack 
of statistical significance of the coeffi-
cient for the covariate. Age, sex, and 
race were to be included in the model 
a priori. First-order interactions with 
the variable of interest were evalu-
ated, with interaction considered to 
be present if an interaction term had 
P value less than .10.

Proportional hazard assumptions 
were assessed for all models, and ex-
tended Cox model was used where vi-
olation was found.

Results

The initial DST cyst cohort search 
identified 3053 reports. Of these, 
1019 reports (33.4%) were excluded 
after the manual review. The reasons 
for exclusion are summarized in Table 
1. The index date was changed to an 
earlier one upon manual review of the 

reports in 252 (12.4%) of the remain-
ing 2034 cases.

The study population included 
8052 patients: 2034 in the cyst co-
hort and 6018 in the no-cyst cohort. 
Among the 2034 patients in the cyst 
cohort, incidental pancreatic cysts 
were diagnosed by using CT imag-
ing in 1524 patients (74.9%) and 
by using MR imaging in 510 patients 
(25.1%). In the cyst cohort, intrave-
nous contrast material was adminis-
tered in 1156 patients (75.8%) who 
underwent 1524 CT examinations 
and in 405 patients (79.4%) who un-
derwent 510 MR examinations. MR 
cholangiopancreatographic imaging 
sequences were reported to be used 
in 285 (19.7%) of 1161 MR examina-
tions in the no-cyst cohort and in 113 
(22.2%) of 397 MR examinations in 
the cyst cohort (P = .238). The mean 
interval between the index date and 
the date of the most recent encoun-
ter was 3.37 years 6 2.7 (standard 
deviation) in the cyst cohort and 3.23 
years 6 2.8 in the no-cyst cohort (P 
= .04). Table 2 summarizes the demo-
graphic characteristics of the study 
population. There was no statistically 

significant difference between the co-
horts in the mean age, modality, and 
index year between the cyst and no-
cyst cohorts (Table 2). When the cyst 
cohort was compared with the no-cyst 
cohort, the cyst cohort contained a 
higher percentage of women (65.2% 
vs 59.2%, respectively; P , .001) and 
patients who were white (31.2% vs 
25.9%, respectively; P , .001), and 
had a higher interquartile range of 
Charlson score (0–2 vs 0–0, respec-
tively; P , .001).

Table 3 summarizes the imag-
ing characteristics of the incidental 
pancreatic cystic lesions. We found 
that 75.4% of pancreatic cysts were 
solitary with a median cyst diameter 
of 10 mm. The largest cyst was most 
commonly in the pancreatic head or 
uncinate (38.1%). Septations (3.9%), 
enhanced components (2.5%), and 
calcification (2.8%) were uncommon. 
Main pancreatic duct dilatation was 
reported in 5.8% and regional lymph-
adenopathy in 1.2%. Cysts were sim-
ple (no septations, enhanced com-
ponents, or calcifications) in 1070 of 
1156 cases (92.6%) that were dem-
onstrated by using contrast-enhanced 
CT examinations. We found 384 
(94.8%) of 405 cysts that were dem-
onstrated by using contrast-enhanced 
MR examinations were simple (ie, no 
septations or enhanced components).

A pancreatic neoplasm was diag-
nosed after the index date in 72 pa-
tients: 38 (1.9%) of 2034 patients in 
cyst cohort and 34 (0.6%) of 6018 pa-
tients in no-cyst cohort (P , .0001). 
Table 4 summarizes the histologic di-
agnoses of these tumors. In the entire 
study population, ductal adenocarci-
noma was diagnosed in 51 patients, of 
which 23 (45.1%) were diagnosed 6 
months or longer after the index date 
(incident adenocarcinoma). Incident 
adenocarcinoma was diagnosed in 12 
(0.6%) of 2034 patients in the cyst co-
hort and in 11 (0.2%) of 6018 patients 
in the no-cyst cohort (P = .003). Ten-
year cumulative incidences of ductal 
adenocarcinoma were 1.5% (95% 
confidence interval [CI]: 0.79, 2.95) 
and 0.6% (95% CI: 0.29, 1.26) in the 
cyst and no-cyst cohorts, respectively 
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Table 2

Demographic Characteristics of Patients in Cyst and No-Cyst Cohorts

Characteristic Cyst Cohort (n = 2034) No-Cyst Cohort (n = 6018) P Value

No. of women 1326 (65.2) 3563 (59.2) ,.001
Mean age 6 standard deviation (y) 69.9 6 15.1 69.3 6 15.2 .129
No. of white patients 634 (31.2) 1560 (25.9) ,.001
No. of nonwhite patients* .236
  Hispanic 588 (42.0) 1890 (42.4)
  Black 599 (42.8) 1799 (40.4)
  Asian 28 (2.0) 79 (1.8)
  Multiracial or other 96 (6.9) 335 (7.5)
  Missing 89 (6.4) 355 (8.0)
No. of patients imaged by using CT 1524 (74.9) 4572 (76.0) .342
Year of index date† ..99
  2001 10 (0.5) 30 (0.5)
  2002 74 (3.6) 219 (3.6)
  2003 125 (6.2) 372 (6.2)
  2004 152 (7.5) 441 (7.3)
  2005 191 (9.4) 550 (9.1)
  2006 204 (10.0) 600 (10.0)
  2007 236 (11.6) 730 (12.1)
  2008 240 (11.8) 707 (11.8)
  2009 279 (13.7) 812 (13.5)
  2010 232 (11.4) 695 (11.6)
  2011 291 (14.3) 862 (14.3)
Study location† ,.001
  Outpatient 1065 (52.4) 2261 (43.6)
  Inpatient 503 (24.7) 1944 (32.3)
  Emergency department 466 (22.9) 1453 (24.1)
Median Charlson score‡ 0 (0–2) 0 (0–0) ,.001

Note.—Data in parentheses are percentages except where indicated. 

* Percentage is given from a total nonwhite population in each cohort, 1400 patients in cyst cohort, and 4458 in no-cyst cohort.
† Data in parentheses are the number of patients.
‡ Data in parentheses are interquartile range.

(P = .004) (Figure). The incidence 
rates of ductal adenocarcinoma were 
1.8 (95% CI: 1.0, 3.1) and 0.6 (95% 
CI: 0.3, 1.0) per 1000 person-years in 
the cyst and no-cyst cohorts, respec-
tively (P = .004).

Patient-specific and imaging-spe-
cific characteristics of the cyst cohort 
patients who developed an incident 
adenocarcinoma (n = 12) and those 
who did not (n = 1996) are summa-
rized in Table 3. There was no statis-
tically significant difference between 
these two groups based on age, sex, 
race, or modified Charlson score. Sim-
ilarly, there was no statistically signif-
icant difference between the imaging 
characteristics of these two groups, 
including number of cysts, location 

and size of the largest cyst, presence 
of septations, enhanced components, 
calcifications, main pancreatic duct 
dilatation, or regional lymphadenop-
athy. Additionally, the two groups 
did not differ based on a percentage 
of patients with the largest cyst size 
smaller than 30 mm (90.0% in pa-
tients with incident adenocarcinoma 
and 93.3% in patients without inci-
dent adenocarcinoma; P = .500).

In the Cox regression model, the 
presence of an incidental pancreatic 
cyst was associated with a risk of in-
cident adenocarcinoma that is three 
times higher (95% CI: 1.32, 6.89; P 
= .009), adjusted for race (white vs 
nonwhite), age (,65 years vs 65 
years), and sex. Since main pancreatic 

duct dilatation has been shown to be 
a strong predictor of malignancy (14), 
Cox analysis was repeated by exclud-
ing the 119 patients with main pan-
creatic duct dilatation; the adjusted 
hazard ratio for the presence of an in-
cidental pancreatic cyst in this group 
remained similarly elevated at 2.9 
(95% CI: 1.25, 6.72; P = .013).

Among 12 patients with incident 
adenocarcinoma in the cyst cohort, 
the location of the cyst on the initial 
study was documented in 10 patients 
(83.3%). Of these 10 patients, the 
adenocarcinoma arose in a portion 
of the pancreas different from the 
location of the cyst in seven patients 
(70%).

Thirteen (0.64%) of 2034 patients 
in the cyst cohort had a pathologic 
analysis–proven diagnosis of a mucin-
ous lesion. The mean interval between 
the initial imaging study and the proce-
dure to establish the diagnosis was 4.4 
years 6 3.7, and it was longer than 6 
months in 10 (76.9%) of 13 cases. Of 
the 13 mucinous lesions, eight (61.5%) 
were mucinous cysts or mucinous cystic 
neoplasms and five (38.5%) were intra-
ductal papillary mucinous neoplasms. 
Five (38.5%) of 13 mucinous lesions in 
the cyst cohort were malignant, three 
(23.1%) were mucinous cystic neo-
plasms, and two (15.4%) were intra-
ductal papillary mucinous neoplasms. 
There were two cases of mucinous cys-
tic neoplasm in the no-cyst cohort. Ten-
year cumulative incidence of malignant 
mucinous lesions was 1.3% (95% CI: 
0.31, 5.04) and 0.05% (95% CI: 0.01, 
0.21) in the cyst and no-cyst cohorts, 
respectively (P = .006) (Figure). The 
incidence rates of mucinous malignancy 
were 0.7 (95% CI: 0.3, 1.8) and 0.1 
(95% CI: 0.02, 0.4) per 1000 person-
years in the cyst and no-cyst cohorts, 
respectively (P = .006).

Of 2034 patients in the cyst co-
hort, 699 patients (34.4%) died, and 
of the 6018 patients in the no-cyst co-
hort, 1923 (31.2%) died (P = .045). 
The all-cause mortality rates in the 
cyst and no-cyst cohorts were 90.6 
(95% CI: 84.1, 97.6) and 83.3 (95% 
CI: 79.7, 87.2) per 1000 person-years, 
respectively (P = .09).
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Table 3

Comparison of the Patient-specific and Imaging-specific Characteristics between the Patients in the Cyst Cohort Who Developed an 
Incident Pancreatic Ductal Adenocarcinoma and Those Who Did Not

Parameter Entire Cyst Cohort (n = 2034)
With Incident 
Adenocarcinoma (n = 12)

Without Incident  
Adenocarcinoma (n = 1996) P Value

Patient characteristic
  Mean age (y) 69.9 6 15.1 70.0 6 11.7 69.9 6 15.1 .978
  Female sex 1326 (65.2) 9 (75.0) 1303 (65.3) .481
  Race .722
    White 634 (31.2) 6 (50.0) 614 (30.8)
    Hispanic 588 (28.9) 3 (25.0) 579 (29.0)
    Black 599 (29.4) 3 (25.0) 591 (29.6)
    Asian 28 (1.4) 0 (0) 28 (1.4)
    Multiracial/other 89 (4.4) 0 (0) 95 (4.8)
    Missing 96 (4.7) 0 (0) 89 (4.5)
  No. of patients who underwent CT imaging 1524 (74.9) 9 (75.0) 1492 (74.8) .984
  Study location .457
    Outpatient 1065 (52.4) 8 (66.7) 1046 (52.4)
    Inpatient 503 (24.7) 3 (25.0) 494 (24.8)
    Emergency department 466 (22.9) 1 (8.3) 456 (22.8)
  Median Charlson score* 0 (0–2) 0 (0–2.5) 0 (0–2) .986
Cyst characteristic
  Solitary cyst 1534 (75.4) 8 (66.7) 1503 (75.3) .506
  Median largest cyst size (mm)* 10 (6–16.2) 13 (8–22) 10 (6–16) .199
  Number of patients with the largest cyst  

    size ,30 mm†

1689 (92.8) 9 (90.0) 1667 (93.3) .500

  Largest cyst location .503
    Head/uncinate 775 (38.1) 4 (33.3) 763 (38.2)
    Neck 193 (9.5) 1 (8.3) 189 (9.5)
    Body 574 (28.2) 4 (33.3) 565 (28.3)
    Tail 366 (18.0) 1 (8.3) 356 (17.8)
    Not specified 126 (6.2) 2 (16.7) 123 (6.1)
  Septations 80 (3.9) 0 (0) 75 (3.8) ..99
  Enhanced component‡ 39 (2.5) 0 (0) 33 (2.2) ..99
  Calcification§ 43 (2.8) 1 (11.1) 42 (2.8) .231
  Main pancreatic duct dilatation 119 (5.8) 1 (8.3) 110 (5.5) .496
  Regional lymphadenopathy 25 (1.2) 0 (0) 22 (1.1) ..99

Note.—Data are number of patients unless otherwise indicated; data in parentheses are percentages unless otherwise indicated. Twelve patients in the cyst cohort developed an incident pancreatic 

ductal adenocarcinoma and 1996 patients did not. These data exclude patients with pancreatic neoplasms with histologic analysis that revealed lesions that were not adenocarcinoma (n = 10) and 

patients with pancreatic adenocarcinoma diagnosed less than 6 months after the index date (n = 16). The largest cyst size was based on patients with reported exact size of the largest cyst (1748, 10, 

and 1715 patients in total cyst cohort, incident adenocarcinoma, and without incident adenocarcinoma, respectively). 

* Data in parentheses are interquartile ratio.
† Based on patients with either reported exact size of the largest cyst or the largest cyst reported as sub-centimeter: 1819 patients in total cyst cohort, 10 patients with incident adenocarcinoma, and 

1786 patients without incident adenocarcinoma.
‡ Based on studies performed with intravenous contrast administration: 1561 patients in total cyst cohort, eight patients with incident adenocarcinoma, and 1499 patients without incident 

adenocarcinoma.
§ Based on the total number of CT examinations performed: 1524 patients in total cyst cohort, nine patients with incident adenocarcinoma, and 1492 patients without incident adenocarcinoma.

In the initial multivariate Cox 
model with the outcome of all-cause 
mortality, an interaction between the 
presence of a pancreatic cyst and 
age was observed. Stratification of 
the model based on two age groups 

removed the interaction from each 
stratum. The results of the final Cox 
models are summarized in Table 5. 
The presence of a pancreatic cyst was 
associated with 40% increased risk of 
all-cause mortality in patients younger 

than 65 years, and no change in all-
cause mortality in patients 65 years 
or older, adjusted for age, sex, race 
(white vs nonwhite), modified Charl-
son score, study location, and imaging 
modality.
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Table 4

Summary of the Histologic Diagnoses in 72 Patients with Diagnosis of a Pancreatic 
Malignancy after Index Date

Histologic Diagnosis Cyst Cohort (n = 38)* No-Cyst Cohort (n = 34)*

Ductal adenocarcinoma 28 (73.7) 23 (67.6)
Mucinous carcinoma 3 (7.9) 2 (5.9)
IPMN 2 (5.3) 0 (0)
Neuroendocrine neoplasm 1 (2.6) 4 (11.8)
SPEN 2 (5.3) 0 (0)
Signet ring cell carcinoma 0 (0) 1 (2.9)
Malignancy, not specified 2 (5.3) 4 (11.8)

Note.—Data are number of patients; data in parentheses are percentages. P value for cohorts was .341. IMPN = intraductal 

papillary mucinous carcinoma, SPEN = solid pseudopapillary epithelial neoplasm.

Discussion

Our retrospective cohort study dem-
onstrated a threefold increased risk of 
pancreatic ductal adenocarcinoma in 
patients with incidentally discovered 
pancreatic cysts. Despite elevated risk 
of ductal adenocarcinoma and cyst-
related malignancies (mucinous cys-
tic neoplasm and intraductal papillary 
mucinous carcinoma), there was no in-
crease in all-cause mortality in patients 
over 65 years. Incidental pancreatic 
cysts were associated with increased 
all-cause mortality in patients younger 
than 65 years.

In our cohort of patients with 
pancreatic cysts, the incidence rate 
of malignant mucinous neoplasms 
was 0.7 per 1000 person-years. This 
is comparable to the reported prev-
alence rate of mucin-producing ade-
nocarcinoma that arises in patients 
with pancreatic cysts, which is esti-
mated to be 0.33 per 1000 patients 
(22). Pancreatic cysts have malignant 
potential, and several studies (14–16) 
in a Japanese population demonstrated 
an association between the pancreatic 
cysts and pancreatic ductal adenocarci-
noma. Tanaka et al (14) demonstrated 
that in the absence of main pancreatic 
ductal dilatation, presence of a pancre-
atic cyst has a hazard ratio of 3.1 (95% 
CI: 0.19, 49.21; P = .431) for develop-
ment of pancreatic adenocarcinoma. 
Our study demonstrated a similar es-
timate of a hazard ratio despite stark 
differences in study populations with 

respect to race of patients (only about 
2% of our patients were Asian). Ad-
ditionally, our study found the hazard 
ratio to be statistically significant (haz-
ard ratio, 2.9 [95% CI: 1.25, 6.72]; P 
= .013). This disparity can be explained 
by the differences in study power: the 
number of patients with pancreatic 
cysts in our analysis was 12 times as 
many as in Tanaka et al.

In patients who have familial pan-
creatic cancer, small intraductal papil-
lary mucinous neoplasms are associated 
with the presence of high-grade pancre-
atic intraepithelial neoplasia (a precur-
sor to adenocarcinoma) elsewhere in 
the pancreas (17). The results of our 
study indicate that this may be true in 
a general population because the tumor 
is in the part of the pancreas that is dif-
ferent than the location of the original 
cyst in 70% of our patients with inci-
dent pancreatic adenocarcinoma. Simi-
larly, Tada et al (16) found carcinomas 
in regions remote from preexisting cyst 
in two of their seven Japanese patients.

Our study demonstrated that the 
relationship between presence of pan-
creatic cyst and all-cause mortality is 
dependent on age: the patients youn-
ger than 65 years had a 40% higher 
risk of mortality if they had a pan-
creatic cyst, and in the patients 65 
years or older, pancreatic cysts were 
associated with no change in risk of  
death.

The imaging characteristics of 
pancreatic cysts in our study popula-
tion were comparable to those in the 

published literature. In our cohort of 
patients with incidental pancreatic 
cysts, 75% of cysts were solitary, 93% 
were smaller than 3 cm, 93% were sim-
ple, and 94% were not associated with 
pancreatic duct dilatation. In the liter-
ature (2,4,5,23), 60%–85% of pancre-
atic cysts are reported to be solitary, 
89% are reported to be smaller than 3 
cm, and 88%–94% are reported to be 
simple. The pancreatic cysts were most 
commonly seen in the pancreatic head 
(38%), which is similar to the 42% in 
the published literature (23).

Current recommendations of pan-
creatic cyst follow-up take into account 
various imaging characteristics of the 
pancreatic cysts, such as cyst size, pres-
ence of solid components, pancreatic 
ductal dilatation, and various biochem-
ical profiles, but there is no age limit 
at which the follow-up should be less 
aggressive (8,10). As a result, inciden-
tal discovery of the pancreatic cysts 
affects health care costs (24). In part, 
continuous imaging in older patients is 
thought to be warranted because older 
age is associated with presence of pre-
malignant or malignant cysts (23,25). 
Despite increased risk of both mucin-
ous malignancies and ductal adenocar-
cinoma, the 10-year cumulative inci-
dences of these cancers in patients with 
pancreatic cysts are still low at 0.7% 
and 1.5%, respectively. Moreover, our 
data indicate lack of increase in over-
all mortality in patients over 65 years 
with pancreatic cysts, and this indicates 
that it may be safe to avoid aggressive 
imaging follow-up and work-up in this 
population, which relieves some of the 
burden on health care cost. Given the 
large size of our study and the fact that 
our study population of pancreatic cysts 
is comparable to the published data in 
terms of imaging characteristics and 
incidences of cyst-related malignancies 
and pancreatic ductal adenocarcinoma, 
we believe that the observed age-relat-
ed effects of the pancreatic cysts on all-
cause mortality may be generalizable.

Our study has several limitations. 
First, we did not review the images of 
the studies but rather extracted the 
information from the reports. This ap-
proach introduced some bias due to 
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Graph shows Kaplan-Meier analysis of cumulative incidence of (a) pancreatic ductal adenocarcinoma and (b) 
mucinous malignancies.

considerable heterogeneity in reporting 
of the imaging findings attributable to 
multiple readers. Additionally, the re-
ports themselves are associated with 
internal sensitivity and specificity for 
detection of pancreatic cysts. However, 
this design assessed the real-world sit-
uation where a referring physician is 
presented with the radiologic report 
describing a pancreatic cyst, and thus 
helped to establish the implication of 
such a report on the patient outcome.

An additional limitation of our 
study is that the index date in patients 
whose initial report was not picked 
up by the DST search was changed to 
the date of the earliest report that de-
scribed the pancreatic cyst. Thus, the 
patients with the reports that described 
pancreatic cyst in a way that precluded 
their identification by the DST search 
criteria and without a follow-up imaging 
study were excluded. This resulted in 
having a higher proportion of patients 

with at least one follow-up study in the 
cyst cohort, which somewhat biases 
our all-cause mortality results toward 
the null hypothesis. Therefore, the true 
effects of the pancreatic cyst may in fact 
be slightly higher than what we have 
observed. However, the index date was 
changed only in approximately 12% of 
the cyst cohort.

It is important to note that inclu-
sion criteria of our study did not re-
quire pathologic confirmation of ei-
ther presence of the pancreatic cyst 
or lack thereof. Because of our study 
design and imperfect intrinsic sensi-
tivities and specificities of the imaging 
modalities for the detection of pan-
creatic cysts, our cyst cohort included 
a certain number of cases with false-
positive findings and our no-cyst cohort 
included a certain number of cases with 
false-negative findings. This resulted in 
nondifferential misclassification bias, 
which biased the observed results to-
ward the null hypothesis. This study 
design was chosen to reflect the clinical 
reality, where the majority of patients 
do not undergo confirmatory studies 
once they are diagnosed with a pancre-
atic cyst based on cross-sectional imag-
ing, and where patients with pancreatic 
cysts “missed” at imaging remain undi-
agnosed. Thus, our study evaluated the 
effect of incidental pancreatic cysts as 
they were diagnosed by using CT or MR 
imaging, which is the most clinically rel-
evant scenario. Moreover, if the study 
were limited to only the patients in 
whom presence of the pancreatic cysts 
was confirmed by means of endoscopic 
ultrasonographic imaging or surgery, a 
considerable selection bias would have 
been introduced. Additionally, as lack 
of the pancreatic cysts is not generally 
confirmed by pathologic analysis, a dif-
ferential misclassification would have 
also been present, and its effect on 
the observed result would not be easily 
predictable.

In conclusion, our study demon-
strated an increased risk of pancreatic 
adenocarcinoma in patients with an in-
cidental pancreatic cyst found by using 
CT or MR imaging in a heterogeneous 
urban population; the relationship be-
tween an incidental pancreatic cyst and 
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overall mortality was related to age, 
and the all-cause mortality was consid-
erably increased in those younger than 
65 years and unchanged in in those 
65 years or older. Further study is re-
quired to better define the appropriate 
cost-effective imaging follow-up for in-
cidental pancreatic cysts found by using 
CT and MR imaging in patients older 
than 65 years.
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Table 5

Results of Multivariate Cox Analysis with All-Cause Mortality as an Outcome

Group Hazard Ratio 95% CI P Value

Patients ,65 years* 1.40 1.13, 1.73 .002
Patients 65 years† 0.97 0.88, 1.07 .597

* Model adjusted for age, race (white vs nonwhite patients), sex, Charlson score, modality, and time-dependent function of study 

location (outpatient, inpatient, or emergency department).
† Model adjusted for race (white vs nonwhite patients), sex, modality, and time-dependent functions of age, Charlson score, and 

study location (outpatient, inpatient, or emergency department).


