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symptomatic Pancreatic Cystic Neoplasms: Maximizing Survival and
uality of Life Using Markov-Based Clinical Nomograms
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ACKGROUND & AIMS: The natural history and
anagement of pancreatic cysts, especially for branch

uct intraductal papillary mucinous neoplasms (BD-
PMNs), remain uncertain. We developed evidence-based
omograms to assist with clinical decision making.
ETHODS: We used decision analysis with Markov
odeling to compare competing management strategies

n a patient with a pancreatic head cyst radiographically
uggestive of BD-IPMN, including the following: (1) ini-
ial pancreaticoduodenectomy (PD), (2) yearly noninva-
ive radiographic surveillance, (3) yearly invasive surveil-
ance with endoscopic ultrasound, and (4) “do nothing.”

e derived probability estimates from a systematic liter-
ture review. The primary outcomes were overall and
uality-adjusted survival. We depicted the results in a
eries of nomograms accounting for age, comorbidities,
nd cyst size. RESULTS: Initial PD was the dominant
trategy to maximize overall survival for any cyst greater
han 2 cm, regardless of age or comorbidities. In contrast,
urveillance was the dominant strategy for any lesion less
han 1 cm. However, when measuring quality-adjusted
urvival, the do-nothing approach maximized quality of
ife for all cysts less than 3 cm in patients younger than
ge 75. Once age exceeded 85 years, noninvasive surveil-
ance dominated. Initial PD did not maximize quality of
ife in any age group or cyst size. CONCLUSIONS:

anagement of pancreatic cysts can be guided using
ovel Markov-based clinical nomograms, and de-
ends on age, cyst size, comorbidities, and whether
atients value overall survival vs quality-adjusted sur-
ival. For patients focused on overall survival, regard-
ess of quality of life, surgery is optimal for lesions
reater than 2 cm. For patients focused on quality-
djusted survival, a 3-cm threshold is more appropri-
te for surgery except for the extreme elderly.

he prevalence of pancreatic cysts has increased dra-
matically—a likely consequence of increased use and

mproved quality of abdominal imaging, coupled with
he aging of the population. The management of a single
solated pancreatic cyst in an asymptomatic patient rep-
esents a clinical conundrum. Although intraductal pap-

llary mucinous neoplasms (IPMNs) or mucinous cystic
eoplasms are considered at increased risk for malignant
ransformation, other cysts, including serous adenomas
r pseudocysts, have no known malignant potential.1,2

oreover, it often is difficult to prognosticate and pre-
ict the natural history of individual pancreatic cysts.
his clinical uncertainty is distressing to patients and

heir providers who seek guidance in determining whether
o do nothing, initiate invasive or noninvasive surveil-
ance, or proceed directly to surgical resection—a seem-
ngly draconian maneuver given the oftentimes low pre-
est likelihood for malignancy.3,4 Yet many patients are at
isk for subsequent malignancy; the clinical decision can-
ot be taken lightly.
In particular, the incidence of IPMNs has increased

-fold in the past decade.5,6 Both main duct (MD-IPMN)
nd branch duct (BD-IPMN) types are premalignant le-
ions, recognized histologically along a spectrum ranging
rom benign adenomas to invasive cancers.7–9 The rate of

alignant transformation of MD-IPMN is considerably
igher than BD-IPMNs.1,2,5,10 –18 Because of the unpre-
ictable and potentially less aggressive natural history of
hese BD-IPMN lesions, some argue in favor of surgical
esection of advanced lesions, such as carcinoma in situ
nd invasive cancer, while continuing to survey patients
ith early lesions, such as adenomas.2,19,20

With current imaging techniques, including comput-
rized tomographic (CT) scanning, magnetic resonance
maging (MRI), and endoscopic ultrasound (EUS) com-
ined with pancreatic cyst fluid analysis, MD-IPMN and
D-IPMN can be diagnosed with an accuracy of 80%.21,22

owever, our ability to reliably predict the underlying
istology or rate of malignant transformation remains

mperfect.10,13,21–26

In light of the diagnostic and prognostic uncertainty,
nternational guidelines were developed in 2006 in Sen-
ai, Japan, to guide the clinician in surgical and nonsur-

Abbreviations used in this paper: BD-IPMN, branch duct intraductal
apillary mucinous neoplasms; CT, computerized tomography; EUS,
ndoscopic ultrasound; FNA, fine-needle aspiration; IPMN, intraductal
apillary mucinous neoplasms; MD, main duct; MRI, magnetic reso-
ance imaging; PD, pancreaticoduodenectomy.

© 2010 by the AGA Institute
0016-5085/10/$36.00
doi:10.1053/j.gastro.2009.10.001
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532 WEINBERG ET AL GASTROENTEROLOGY Vol. 138, No. 2
ical management of presumed IPMNs. However, BD-
PMN surgical resection should be considered only if the
ize exceeds 3 cm, the main pancreatic duct exceeds 6

m, there are mural nodules, or if there are related
oregut symptoms. If these criteria are not met, then
urveillance should be undertaken.12

However, these guidelines are imperfect for a variety of
easons. Because there is a paucity of prospective natural
istory data studying pancreatic cysts, these guidelines
ely predominantly on data gleaned from retrospective
urgical data, which carries its own biases.27–29 Similarly,
he guidelines have not been able to account for evolu-
ions in diagnostic technologies or our increased under-
tanding of the natural history of pancreatic cysts. More-
ver, the guidelines do not account for issues relating to
urgical mortality, patient age, functional status, or pa-
ient preference. Given the lack of prospective random-
zed data and the uncertainty about how to evaluate and

anage patients with pancreatic cysts, we sought to bet-
er define the optimal management strategy for pancre-
tic cysts that are believed to be BD-IPMN through a
ecision analysis using currently available data.30

Materials and Methods
Model Overview
By using decision-analysis software (DATA 4.0,

reeAge Software, Inc, Williamstown, MA), we evaluated
hypothetical cohort of patients ranging from 65 to 85

ears with a variety of asymptomatic pancreatic cysts
anging from 0.5 to greater than 3 cm lesions in the head
f the pancreas. This location was chosen because it is the
ost common location for BD-IPMNs and because it

epresents a significant surgical challenge.5,10,19,31 Of
ote, our model does not apply to patients with symp-
oms that can be attributed to the pancreatic cyst. Deci-
ion analysis is less applicable in symptomatic patients
ecause competing noninvasive strategies are generally
ot recommended in the presence of attributable symp-
oms; guidelines recommend surgery over surveillance.

Although the base-case patient was considered to have
ikely BD-IPMN based on typical clinical features, we
nsured that the patient was eligible to have other cystic
esions. This distinction acknowledges the clinical reality
hat the true cyst type is largely unknown with certainty
t the time of diagnostic imaging; instead, physicians
ork with a range of pretest likelihoods.21,22 Diagnostic

ertainty can be established only after surgery, yet the
linical challenge is whether to perform surgery in the
rst place. We explicitly developed our model to mimic
his common yet complex clinical scenario. Patients en-
ered the model with the possibility that at the time of
iagnosis they could have a malignant IPMN, benign
D-IPMN, a benign nonmucinous cyst, or pancreatic
ancer with cystic degeneration. They then entered 1 of 4

ompeting strategies: (1) immediate pancreaticoduode-
ectomy (PD) followed by surveillance, (2) noninvasive
urveillance with either MRI or CT followed by PD if

alignant features develop (ie, cyst �3 cm, main pancre-
tic duct �6 mm, presence of mural nodules),12 (3) in-
asive surveillance with EUS coupled with fine-needle
spiration (FNA) followed by a PD if malignant features
evelop, or (4) the do nothing approach, in which watch-
ul waiting ensued without active surveillance, followed
y PD only if cancer developed.

By using a Bayesian approach, the model incorporated
he sensitivity and specificity of diagnostic testing along
ith the prevalence of underlying disease in the hypo-

hetical cohort. In each strategy, if the type of lesion
as not already malignant at baseline, then the patient
ssumed a probability of subsequent malignant trans-
ormation. The model accounted for false-positive,
alse-negative, true-positive, and true-negative diagnos-
ic pathways. This created a range of clinical scenarios,
ncluding both appropriate and inappropriate PD or sur-
eillance. This Bayesian approach was incorporated into
ll arms of the model except the do nothing approach, in
hich active diagnostic surveillance was not used. In this

trategy, only the development of cancer led to definitive
valuation and potential surgical intervention. To test a
ariety of age ranges, we ran separate models to estimate
utcomes in 65-, 75-, and 85-year-old base-case patients.

Competing Strategies
Our model included 4 competing strategies (de-

cribed later). These strategies incorporated more than 50
robability estimates governing relevant clinical probabil-

ties in the management of IPMN, benign pancreatic cysts,
nd pancreatic cancer (Tables 1 and 2). To derive these
stimates, we performed a systematic search of MEDLINE
rom 1966 to July 2007 using prespecified phrases and
ey words, and limited our data abstractions to English-

anguage articles only. When data were not available, we
elied on expert consensus opinion to inform our base-
ase estimates, and conducted sensitivity analyses over a
ide range of values. All Markov transition probabilities
ere expressed as annual probabilities.

able 1. Probability Estimates for BD-IPMNs of Varying
Sizes

Size,
�1 cm

Size,
1 to

�2 cm

Size,
2 to

�3 cm
Size,

�3 cm

Benign cysts40 9% 9% 9% 9%
Benign
BD-IPMN2,12,15,27,31,39,41,42–47

89% 86% 79% 70%

Malignant
BD-IPMN2,12,15,27,31,39,41,42–47

1% 3% 11% 20%

Pancreatic cancer with
cyst

1% 1% 1% 1%

ate of benign to malignant
transformation per

0.001% 1% 1.7% 3%
year43,48,49
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February 2010 PANCREATIC CYST DECISION ANALYSIS 533
Noninvasive surveillance strategy. Patients in
he noninvasive surveillance strategy entered into a Markov

odel with annual radiographic surveillance with either
bdominal CT scan or MRI. The patients either devel-
ped malignant transformation of their lesion or did not.
n both instances, the images either revealed evidence of

alignant features or did not. This yielded 4 diagnostic
athways: (1) imaging showed a true positive in which a

able 2. Probability Estimates

Variable
Weighted

mean

robability that a benign cyst grows 0.035
robability of chronic complications after a PD 0.194
robability of perioperative complications after a PD 0.412
robability of death with a recurrent malignant IPMN
after surgical resection

0.842

robability of death with a recurrent pancreatic cancer
after surgical resection

0.9

robability of developing symptoms with a benign cyst 0.05
robability of developing symptoms with a benign IPMN 0.05
robability of developing symptoms with unrecognized
malignant IPMN

0.95

robability of dying from adjuvant chemotherapy 0.002
robability of dying from an EUS-FNA 0.0001
robability of dying from a malignant IPMN without
treatment

0.6

robability of dying from pancreatic cancer without
treatment

0.9

robability of dying from a PD 0.064
robability that a malignant IPMN found in the do
nothing strategy is operable

0.15

robability that a malignant IPMN will return after PD 0.17
robability that pancreatic cancer will return after PD 0.24
robability that a pancreatic cancer found in the do
nothing strategy is operable

0.1

robability that a CT of a benign IPMN will show a
true-negative result

0.99

robability that a CT of a malignant IPMN will show a
true-positive result

0.8

robability of a EUS-FNA of a benign IPMN showing a
true-negative result

0.99

robability that a EUS-FNA of a malignant IPMN will
show a true-positive result

0.86

uality of life (utility) of chemotherapy for malignant
IPMN or pancreatic cancer

0.62

uality of life (utility) of chronic complications from a PD 0.65
uality of life (utility) of perioperative complications
from a PD

0.50

uality of life (utility) of developing inoperable malignant
IPMN or pancreatic cancer

0.65

uality of life (utility) of undergoing invasive surveillance 0.98
uality of life (utility) of undergoing noninvasive
surveillance

0.98

uality of life (utility) of having been cured of cancer
without any complications

0.99

uality of life (utility) of developing recurrent malignant
IPMN or pancreatic cancer

0.68

uality of life (utility) of undergoing a PD with no
complications

0.98

Represents probabilities in which a combination of available data an
alignant process is identified appropriately, (2) a false w
egative in which a malignant process is missed, (3) a
alse positive in which a benign process is identified

istakenly as having worrisome features, or (4) a true
egative in which a benign process is identified appro-
riately as benign. Figure 1 depicts an example of one of
he many different Markov states.

Invasive surveillance strategy. Patients in the in-
asive surveillance strategy entered annual surveillance

ange
terature

Range in sensitivity
analysis Source

.035 0–0.1 50
–0.30 0.06–0.30 8,43,51
–0.68 0.3–0.6 2,8,27,44,46,51–57
–1.0 0.3–0.9 19,27,58,59

N/A 0.3–0.9 57,60–64a

N/A 0.01–0.15 50a

N/A 0.01–0.15 Expert opinion
N/A 0.8–1.0 Expert opinion

–0.01 0–0.01 65–68
–0.002 0–0.01 67,69–72
N/A 0.4–0.8 Expert opinion

N/A 0.8–1.0 Expert opinion

–0.07 0.01–0.2 2–4,27,51,52,54,55,57,59,73–75
N/A 0–0.2 Expert opinion

–0.99 0–0.6 10,12,14,15,20,24,25,29,32,33
N/A 0–0.6 Expert opinion
N/A 0.01–0.3 Expert opinion

–0.92 0.5–1.0 44,49,76a

–0.92 0.5–1.0 44,49,76

–1.0 0.5–1.0 14,17,44,48,49,77a

–1.0 0.5–1.0 14,17,44,48,49,77

N/A 0.4–0.9 38a

–1.0 0.4–0.9 34–37
–1.0 0.4–0.9 34–37

N/A 0.4–0.9 38a

N/A 0.5–1.0 78a

N/A 0.5–1.0 78

–1.0 0.5–1.0 34–37

–1.0 0.4–0.8 38a

–1.0 0.5–1.0 34–37,79

pert opinion was used to generate the specific probabilities.
R
in li

0
0.15

0.2
0.80

0
0

0

0.11

0.72

0.72

0.75

0.75

0.42
0.42

0.42

0.42

0.42
ith repeated EUS examinations with or without FNA.
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his arm was identical to the noninvasive surveillance
trategy except in 2 regards: (1) the invasive strategy
ncluded a measureable yet low risk of complications
rom EUS-FNA, including mortality; and (2) EUS-FNA
ad a small yet measurable improvement in sensitivity
nd specificity for detecting malignant features com-
ared with CT or MRI, a consequence of improved diag-
ostic accuracy from cyst fluid analysis and careful eval-
ation of cyst wall characteristics.

Initial PD strategy. In the initial PD strategy all
atients progressed directly to PD regardless of the pres-
nce vs absence of malignant features. The model ac-
ounted for perioperative morbidity and mortality from
D—a function of surgical experience and patient comor-
idities. Patients found to have malignant IPMN or pan-
reatic cancer subsequently received adjuvant chemother-
py, which is associated with morbidity and mortality.

Do nothing strategy. In the do nothing strategy
ll patients had no further active surveillance or work-up
erformed after identification of their lesion. Patients
ere re-evaluated only if cancer developed. Once cancer
eveloped all patients were considered for PD. The per-
entage of those patients who were surgical candidates
as lower than in the surveillance arms because of the
elay in diagnosis. Patients who were resectable then
ntered Markov cycles identical to the original initial PD
trategy.

Conditional Probabilities
We assumed that patients could harbor any of

everal potential underlying diagnoses, including malig-
ant IPMN, benign BD-IPMN, a benign nonmucinous
yst, or pancreatic cancer with cystic degeneration. Be-

igure 1. Example of a Markov state diagram. Patients in the model
ycled between health states according to annual probability estimates.
he model included a wide variety of possible movements across the
ompeting strategies. As an example, the diagram shows the possible
tate paths for patients undergoing noninvasive surveillance in a patient
ith an underlying, unrecognized, malignant IPMN. CA, cancer.
ause the risk of malignancy correlates with cyst size, we y
stablished a series of probabilities conditional on cyst
ize. By using logic nodes, in which probabilities are
onditional on concurrently measured variables (in this
ase cyst size), we conditionally linked size-specific data
ie, rate of malignant transformation, baseline risk of
nderlying prevalent malignancy, and so forth) to cyst
ize (Table 1). In addition, we varied these parameters
ver a wide range in sensitivity analyses.

Outcomes
We performed a decision analysis to evaluate 2

utcomes: unadjusted life years, which tracks overall sur-
ival, independent of quality of life and morbidity; and
uality-adjusted life-years, a standard metric in decision
odels that accounts for both quantity of life (ie, overall

urvival), and quality of life, as measured by utilities. We
id not incorporate costs into the model because our
bjective was to focus solely on effectiveness, not cost
ffectiveness. The purpose of our clinical nomograms,
escribed later, is to assist patients and physicians with
nderstanding how their decisions affect overall survival
nd quality of life, not the economic costs of competing
ecisions.

Utilities
To calculate quality-adjusted life-years, we incor-

orated a range of relevant health state utilities, or
ealth-related quality-of-life estimates, based on previ-
usly published health-related quality-of-life data.32,33

he utilities related to those undergoing PD were based
n 4 studies.34 –37 No studies evaluated utilities for the
hort- and long-term complications of PD, as was re-
uired in our model. Therefore, we extrapolated utilities
rom related data from other surgeries and health states,
nd used sensitivity analysis to test these estimates over a
ide range of values. We were unable to identify validated
tilities for pancreatic cancer or malignant IPMN. There-

ore, we extrapolated data from breast cancer studies to
stimate utilities for undergoing chemotherapy, inoper-
ble cancer, and recurrent cancer.38 Because breast cancer
s a potentially curable disease whereas malignant IPMN
nd pancreatic cancer carry worse survival rates, we low-
red the respective utilities for each variable in our base-
ase model and performed sensitivity analysis over a wide
ange of estimates.

Sensitivity Analyses
Table 2 lists the base-case probability estimates

ith respective ranges. To test the influence of all vari-
bles on the model results, we performed a multivariable
ensitivity analysis (ie, tornado analysis) to help identify
he most influential variables. We then performed 1-way
ensitivity analysis on all variables and 2-way sensitivity
nalyses on the most influential variables. We present the
-way analyses stratified by 3 age groups: 65, 75, and 85

ears old. We present the 2-way analyses visually as age-
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February 2010 PANCREATIC CYST DECISION ANALYSIS 535
tratified nomograms to assist decision makers with
dentifying strategies that optimize outcomes under vary-
ng clinical circumstances.

Monte Carlo Simulations
Although 1-way and 2-way analyses provide infor-

ation regarding the robustness of a model, they are
nadequate to fully simulate real-world conditions. To
cknowledge the reality that each individual carries a
nique composition of clinical probabilities, we con-
ucted a probabilistic (Monte Carlo) simulation under
he assumption that all variables were triangular in dis-
ribution. We evaluated a series of Monte Carlo simula-
ions stratified by age and cyst size, using 1000 trials per
imulation. We report the absolute number of patients
per 1000) for which each competing strategy maximizes
utcomes.

Results
Table 3 displays the results of the base-case anal-

ses, stratified by pancreatic cyst size (1, 2, and 3 cm) and
ge (65, 75, and 85 y). The model revealed that the
ptimal strategy is conditional on several factors, includ-

ng patient age, cyst size, and whether the patient values
verall survival or quality-adjusted survival. In patients
ho value overall survival regardless of quality of life,

urgical resection with initial PD was the dominant strat-
gy for any cyst size 2 cm or greater, even after consider-
ng the perioperative risks and the possibility that the
yst is not malignant. However, in patients who seek to
aximize quality-adjusted survival (not just overall sur-

ival), the do nothing strategy maximized quality-ad-
usted life-years across all age groups for any cyst less

able 3. Results of Base-Case Analyses

Age, y Cyst size, cm

Life-years

Do nothing Noninvasive Invasiv

65 1 12.713 12.760 12.76
2 10.353 11.556 11.57
3 9.713 10.099 10.12

75 1 8.786 8.810 8.81
2 8.005 8.143 8.15
3 4.883 4.960 4.96

85 1 5.256 5.265 5.26
2 4.883 4.960 4.96
3 4.449 4.598 4.61

OTE. The table depicts a visual heuristic to help identify the optima
s quality-adjusted survival. Shading shows the degree of superiorit
iscounted years that a patient will live, on average, with each individ
pancreaticoduodenectomy (Whipple) adds a modest 0.356 years ove
urvival, then the invasive surveillance strategy is superior, although it
ith the next closest competitor.
hading Strength of recommendation

Strong superiority over other strategies (yields �1 additio
Modest superiority over other strategies (yields �0.3 add

Minimal superiority over other strategies (yields �0.3 additiona
han 3 cm. Notably, the absolute differences in quality-
djusted survival were small across all groups with cyst
izes less than 3 cm. However, for cysts greater than 3 cm,
urgical resection dominated in patients 65–75 years
ld— both for overall survival, as described earlier, and
uality-adjusted survival. As the age of the patient ad-
anced to 85 years with cysts greater than 3 cm, surveil-
ance then became the dominate strategy.

Sensitivity Analysis
Table 4 lists the results of the sensitivity analyses

or 65-, 75-, and 85-year-old patients with a less than
-cm suspected IPMN. The most influential variables
ere the annual rate of malignant transformation of a

ubcentimeter IPMN, prevalence of underlying malig-
ant IPMN at baseline, mortality related to untreated
alignant IPMN, and surgical morality related to a PD.

or example, if a 65-year-old patient had a rate of malig-
ant transformation exceeding 1% per year, a pretest

ikelihood of underlying malignancy exceeding 4.5%, or a
erioperative mortality rate below 6.4%, then surgery
ecame the dominant strategy. Noninvasive and invasive
urveillance were nearly equivocal. However, if the mor-
ality rate for EUS-FNA exceeded 0.01%, despite its better
ensitivity and specificity, it became inferior to CT/MRI.

Clinical Nomograms
Figure 2 shows nomograms to assist decision

akers with selecting between competing strategies. The
omograms plot cyst size against perioperative mortality,

tself a function of age and comorbidities. Figure 2A
epicts the data using life-years as the outcome of inter-
st, and Figure 2B depicts the data using quality-adjusted

Quality-adjusted life-years

Whipple Do nothing Noninvasive Invasive Whipple

12.733 12.546 12.180 12.196 11.449
12.090 11.105 10.966 10.992 10.810
12.090 9.361 9.497 9.534 10.810
8.615 8.677 8.469 8.480 7.646
8.284 7.830 7.776 7.794 7.298
4.969 6.814 6.941 6.968 7.298
5.084 5.195 5.092 5.098 4.387
4.969 4.774 4.760 4.770 4.248
4.969 4.278 4.366 4.381 4.248

tegy by patient age, cyst size, and patient preference for unadjusted
r the competing strategies. Each number represents the length of
trategy. For instance, if an 85-year-old patient has a 3-cm cyst, then
other strategies. However, if quality of life is desired over unadjusted

des a minimal benefit of 0.030 years of quality-adjusted life compared

ear of life).
l years of life).
e

3
1
9
3
6
8
7
8
3
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y ove
ual s
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itiona
l years of life).
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ife-years as the outcome. Refer to the figure legends for
urther details regarding nomogram interpretation.

Monte Carlo Simulations
Table 5 displays the results of the Monte Carlo

imulations stratified by patient age, cyst size, and pa-
ient preference for unadjusted survival vs quality-ad-
usted survival. Each analysis lists the results for a hypo-
hetical cohort of 1000 patients, and provides the
bsolute number of patients for which each competing
trategy maximizes outcomes. The preferred strategy mir-
ors the findings in Table 3.

Discussion
The optimal management of pancreatic cysts re-

ains uncertain and challenging. No randomized pro-
pective trials have been performed for this disease. It is
ritical for providers and patients to have evidence-based
uidance when selecting between competing manage-
ent strategies to optimize individualized care. There-

ore, we conducted a comprehensive, evidence-based
arkov model to help inform decision making in this

ncertain area.
Our model has 5 key findings. First, for patients pri-
arily focused on maximizing survival, regardless of

uality of life, a 2-cm size threshold appears optimal for
roceeding to surgery; this is smaller than the 3-cm
hreshold supported by the Sendai guidelines. Second,
or patients focused on optimizing both quantity and
uality of life, either the do nothing or surveillance strat-
gy appears optimal for any patient with a less than 3-cm
esion who is between 65 and 75 years of age. Moreover,
f quality of life is the outcome of interest, then no lesion
n a patient older than 85 years of age should undergo
esection. Third, the optimal strategy for any given pa-
ient varies depending on surgical morbidity, age, cyst
ize, and whether the patient values overall survival or
uality-adjusted survival—factors balanced in our clinical

able 4. Sensitivity Analysis for a 65, 75-, and 85-Year-Old P

Variable
Base-case
estimate

65-year-old
threshold

75-yea
thres

nnual probability of incident cancer
in a �1-cm BD-IPMN

0.1% 1% 2.0

aseline probability of prevalent
cancer in a �1-cm BD-IPMN

1% 4.5% 6.0

nnual death rate from untreated
malignant IPMN

60% 65% 69%

erioperative mortality with PD 6.4% 6% 3.8

eriprocedural mortality with
EUS-FNA

0.01% 0.01% 0.0
omograms. Fourth, our findings emphasize that future y
esearch should evaluate 3 key variables that are pivotal
n the understanding of this disease process: annual rate
f malignant transformation of a benign IPMN, preva-

ence of malignant IPMN in a cystic lesion presumed to
e a BD-IPMN, and natural history of malignant IPMN
hat does not undergo treatment. Last, given the impor-
ance of quality of life in guiding decision making, future
esearch should better define and validate health utilities
elevant to the management of pancreatic cysts.

The Sendai guidelines serve as the template for which
ost providers manage this disease.12 Our model paral-

els these guidelines for cysts less than 1 cm and cysts 3
m or greater. However, despite these similarities, our
odel deviates from the guidelines. For lesions 2 cm or

reater we find that surgery is the dominant strategy for
aximizing overall life expectancy (in contrast to quality-

djusted life expectancy). This suggestion of decreasing
he cut-off size to 2 cm or greater is not a novel one,
aving been suggested by data from a recent retrospective
tudy.39 In addition, our model varies from the guidelines
hen accounting for quality of life, a factor not explicitly
cknowledged by the Sendai document. We find that
urgery remains the superior strategy for maximizing
uality of life in patients who are between 65 and 75
ears of age with 3-cm or larger cysts, but conclude that
atients older than 85 years have improved quality of life
hen managed with surveillance. This is likely because

he poor quality of life experienced postoperatively often
utweighs the minimal benefit derived from surgical re-
ection in this population.

Our nomograms are novel tools that may allow pa-
ients and providers to identify specific strategies that
ptimize outcomes while accounting for cyst size and
redicted surgical risk. For instance, the nomograms

ndicate that a 65-year-old patient with an estimated 8%
urgical mortality who has a 2-cm presumed BD-IPMN in
he head of pancreas should choose surgery to maximize
verall survival. However, if the same patient were 85

t With a Presumed BD-IPMN of Less Than 1 cm

85-year-old
threshold Explanation

3% If the annual rate of malignant transformation of a
benign IPMN exceeds threshold, then surgery is
superior to surveillance.

7.5% Once the prevalent rate of cancer exceeds threshold,
surgery is superior to surveillance.

73% If the annual mortality rate for an untreated
malignant IPMN exceeds threshold, then surgery is
superior to surveillance.

2.0% When the mortality rate of a PD is below threshold,
then a PD is the superior strategy.

0.01% If the mortality rate with EUS-FNA increases above
threshold, then noninvasive surveillance becomes
the superior strategy over invasive surveillance.
atien

r-old
hold

%

%

%

1%
ears old, then the nomogram recommends surveillance
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n lieu of surgery. This is similar to the management of
rostate cancer in the elderly, where “watchful waiting” is
ften more appropriate than radical prostatectomy.5

Our study had limitations. First, as with any decision
odel, it is difficult to accurately capture the complexi-

ies of everyday clinical decision making. Second, our
odel does not examine combinations of both EUS-FNA

nd CT/MRI. Because invasive surveillance with EUS-
NA currently offers the greatest sensitivity and specific-

ty for the detection of radiologically malignant features,
t is not surprising that it always dominates over the
oninvasive strategy with CT or MRI. Third, although
ur model finds that the do nothing strategy maximizes
uality of life for patients with cysts less than 3 cm, this
ust be interpreted with caution. The dominance of do

othing only has minimal superiority over the surveil-
ance strategies. Therefore, because many patients and
hysicians may not be comfortable doing nothing, our
ata show that surveillance is a reasonable approach and

igure 2. Clinical nomograms to guide decision making in a (A) hypot
5-year-old patient with suspected BD-IPMN. (A) Nomogram for a patie

ife. For example, for a 65-year-old patient with a 2-cm cyst and an es
aximizes overall survival, yet doing nothing maximizes quality-adjusted

n both instances (see text for details). (B) Nomogram for a patient focus
atient with a 2-cm cyst and an estimated 8% risk of perioperative mo
othing maximizes quality-adjusted survival. However, if perioperative
atient (see text for details).
till superior to initial surgery. Fourth, this model fo- a
used on pancreatic cysts arising in the head of the
ancreas; it does not apply to cysts arising in the body or
ail, or to patients with multiple cysts or symptomatic
ysts. Because surgical management of isolated pancre-
tic body or tail cysts allows for less morbid surgery,
nitial surgical intervention might become the favored
pproach in these patients. Finally, our model is limited
n its ability to accurately capture all factors that drive
uality of life, including patient willingness to undergo
urgery and fear of underlying malignancy. These factors
re difficult to capture reliably in a computerized deci-
ion analysis. The usual approach to capturing this in-
ormation in decision analysis, where tenable, is to ac-
ount for quality-of-life decrements related to fear and
oncern. Our model does incorporate a wide range of
tilities for both the outcomes and process of care en-
endered by the competing strategies. For example, we
ccount for the quality-of-life decrement of watchful
aiting, keeping in mind that not undergoing surgery

l 65-year-old patient with suspected BD-IPMN and a (B) hypothetical
used primarily on maximizing overall survival, independent of quality of
ed 5% risk of perioperative mortality from a Whipple surgery, surgery
val. However, if the cyst exceeds 3 cm in size, then surgery is warranted

maximizing quality-adjusted survival. For example, for an 85-year-old
from a Whipple surgery, surgery maximizes overall survival, yet doing
ality exceeded 13%, then surgery would never be warranted for this
hetica
nt foc
timat
survi
ed on
rtality
mort
lso leaves some patients with quality-of-life decrements.
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In summary, our model further validates many of the
ecommendations of the Sendai guidelines. However, it
lso deviates from the guidelines by suggesting that a
-cm threshold may be appropriate for surgery in pa-
ients who value overall survival regardless of quality of
ife. For patients focused on both quantity and quality of
ife, the 3-cm threshold appears optimal. In addition, the

odel provides novel insight into decisions based on
uality of life and provides a nomogram for factoring
atient-specific surgical risks and cyst size into the deci-
ion-making process.
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