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ABSTRACT

Background: It is unclear whether patients with intraductal papillary mucinous neoplasia harbor a
higher risk of developing extrapancreatic malignancies.
Aims: We performed a pooled estimate of the incidence of extrapancreatic malignancies in patients with
intraductal papillary mucinous neoplasia, with a particular focus on the comparison to the general
population.
Methods: Computerized bibliographic search of main databases was performed through February 2021.
The primary endpoint was the pooled incidence of extrapancreatic malignancies in patients with
intraductal papillary mucinous neoplasms. Additional outcome was the comparison between intraductal
papillary mucinous neoplasia patients and the general population, expressed in terms of standardized
incidence ratio along with 95% confidence intervals.
Results: Eighteen studies with 8709 patients were included. The pooled rate of metachronous extrap-
ancreatic malignancies was 10 (6—13)/1000 persons-year. No difference was observed according to

intraductal papillary mucinous neoplasia histology and sex, whereas a significantly superior incidence of

extrapancreatic malignancies was observed in patients with main-duct (36.7%, 25.4%—48%) as compared
to branch-duct intraductal papillary mucinous neoplasia (26.2%, 17.6%—34.8%; p = 0.03). Pooled stan-
dardized incidence ratio comparing expected rates in the general population was 1.01 (0.79—1.29); no
difference was observed concerning rates of metachronous gastric cancer (standardized incidence ratio
1.60, 0.72—3.54) and colorectal cancer (1.29, 0.92—1.18), whereas biliary cancer was observed more
frequently in intraductal papillary mucinous neoplasia patients (2.29, 1.07—4.93).
Conclusion: Patients with intraductal papillary mucinous neoplasia harbor an overall rate of extrap-

ancreatic malignancies as high as 27.3%. The rate of metachronous extrapancreatic malignancies is not

superior to the general population.
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1. Introduction

The incidence of intraductal papillary mucinous neoplasms
(IPMNs) is increasing due to availability and improvements in
diagnostic imaging as well as growing awareness among clinicians
[1,2]. While the risk of developing pancreatic cancer is well-known
in these patients, there is great debate on whether patients with
IPMNs have a greater risk of harboring extrapancreatic malig-
nancies (EPMs). Furthermore, it is unclear if the risk of EPMs is
higher compared to patients with other pancreatic cystic lesions
(PCLs) and the general population [3].

In fact, the reported risk of developing EPM in IPMN patients
ranges from 10% to 52% depending on several factors including
follow-up length, study design, and timing of diagnostic assess-
ment of EPM (whether previous, synchronous or metachronous)
[3,4]. Serious concerns were raised in previous retrospective re-
ports that assessed only the prevalence of previous or synchronous
malignancies as IPMN patients are subjected to intensive diagnostic
work-up [5,6]. Another potential issue is recruitment bias, which
can be observed in several studies, where only or mostly IPMN
patients after pancreatic surgery were recruited [7—11]. To this end,
resected IPMN patients usually are at higher risk for malignancy
and thus undergo stricter surveillance. Therefore, these patients are
more likely to be diagnosed with EPM during follow-up [3].

Interestingly enough, prospective series focused on the inci-
dence of metachronous EPM (i.e. cancers detected during follow-up
after IPMN diagnosis) failed to confirm the aforementioned
increased risk of EPM in these patients [12—14].

Given these premises, there is a pressing need to systematically
assess the risk of EPM in patients with IPMN. Previous reviews
concluded that the available data on this clinically relevant ques-
tion remained inconclusive [3]; however, the recent publication of
several large series assessing rates of metachronous EPMs calls for a
reappraisal of this important issue through a rigorous meta-
analytic approach.

Aim of this meta-analysis is to provide a pooled estimate of the
incidence of EPM in patients with IPMN, with a particular focus on
the comparative risk of developing extrapancreatic cancer as
compared to the general population.

2. Materials and methods
2.1. Inclusion and exclusion criteria

Only studies meeting the following criteria were included: 1)
cohort or observational studies recruiting >10 patients diagnosed
with IPMN and reporting incidence of EPM; 2) studies published in
English. Case reports, non-clinical studies, review articles, and an-
imal models were excluded. Studies reporting incidence of
pancreatic adenocarcinoma in IPMN patients were also excluded.

2.2. Search strategy

Fig. 1 reports the search strategy followed in the meta-analysis.

As detailed in the Supplementary Table 1, bibliographic research
was conducted on PubMed, EMBASE, Cochrane Library and Web of
Science including all studies fulfilling inclusion criteria published
until February 2021 with the aid of an expert librarian (JL). The
search was conducted by 2 study investigators (AF and DR) inde-
pendently and keywords used were “extrapancreatic”, “non
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pancreatic”, “additional pancreatic”, “additional primary” associ-
ated with “IPMN/intra-ductal papillary mucinous neoplasm” and
alternatively matched with “neoplasm/tumor/cancer/malignancy/
lesion”.

Relevant reviews and meta-analyses on the risk of EPM in IPMN
patients were examined for potential suitable studies. Authors of
included studies were contacted to obtain full text or further in-
formation when needed.

The quality of included studies was assessed by two authors
independently (AF, DR) according to the Newcastle-Ottawa scale
[15]. Disagreements were solved by discussion and following a
third opinion (SFC).

Since this manuscript represents a meta-analysis of the current
literature, it did not require institutional ethics committee
approval.

2.3. Statistical analysis

Primary endpoint of the current meta-analysis was the pooled
incidence of EPM in patients with IPMN. Additional outcome was
the comparison of EPM incidence between IPMN patients and
general population.

In order to overcome the aforementioned bias due to the
different timing of EPM assessment (whether before or after IPMN
diagnosis), a sensitivity analysis was performed according to the
timing of EPM occurrence (previous versus synchronous [i.e. within
6 months from IPMN diagnosis] versus metachronous). When
comparing EPM incidence of IPMN patients to the general popu-
lation, the standardized incidence ratio (SIR) was pooled from the
individual studies through a random-effects model based on Der-
Simonian and Laird test, and summary estimates were expressed in
terms of SIR with their relevant 95% Confidence Interval (CI). In
individual studies, SIR was calculated as the ratio of the observed to
the expected number of patients developing EPM during follow-up
evaluation using sex-specific, age-standardized data from national
cancer registries. Again, in order to obviate to the bias due to the
supposedly increased detection of EPMs occurred before IPMN
diagnosis, comparative analysis included only metachronous
cancers.

Furthermore, as the included studies presented different follow
up length thus leading to the risk of a further detection bias, pro-
spective data concerning synchronous and metachronous EPM
were expressed as rates/1000 persons-year.

Additional sensitivity analyses were performed based on IPMN
histology (malignant versus others), IPMN type (main-duct versus
branch-duct), sex (male versus female), and study location (East
versus West).

Multiple subgroup analyses according to different cancer types
were performed, namely concerning gastric, colorectal and biliary
cancer.

Finally, overall mortality rate and mortality rate/1000 persons-
year were pooled and expressed along with relevant 95% Cls.

Chi-square and I [2] tests were used for across studies com-
parison of the percentage of variability attributable to heteroge-
neity beyond chance. P < 0.10 for chi-square test and I [2]<20% were
interpreted as low-level heterogeneity.

Probability of publication bias was assessed using funnel plots
and with Begg and Mazumdar's test.

Meta-regression analysis assessing the relation between median
baseline age and proportion of patients undergoing surgery with
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Fig. 1. Flow chart of included studies.

both EPM incidence rate and EPM rate/1000 persons/year was
calculated. P < 0.05 in meta-regression analysis was suggestive of
the grouping variable being a significant source of heterogeneity.

All statistical analyses were conducted using RevMan 5.3 soft-
ware (the Cochrane Collaboration, Oxford, UK) and R package
metafor (Foundation for Statistical Computing, Vienna, Austria).

For all calculations a two-tailed p value of less than 0.05 was
considered statistically significant.

3. Results
3.1. Characteristics of included studies

Out of 720 studies initially identified, after exclusion of manu-
scripts not fulfilling inclusion criteria, 18 studies [5—13,16—24]
recruiting 8709 patients were included in the meta-analysis, see
Fig. 1. Main characteristics of the included studies are reported in
Table 1.

Four studies [8,9,16,22] were retrospective case-control, of
which two studies used a matched cohort drawn from general
population [8,22] and other two studies used patients with other
kinds of PCLs [9,16] as control group, whereas 7 studies reported
observed/expected rates of EPM based on data from cancer regis-
tries [5,6,10,12,13,20,21]. Follow-up length ranged from 13 months
to 10 years, with a median of 38.5 months (interquartile range:
30-50). Median age was around 67 years and 7 series enrolled only
patients treated with surgery [6—11,18]. Eight studies were con-
ducted in Eastern Asia [6,7,9,10,12,16—18] and 10 studies in Western
countries [5,8,11,13,19—24].

Quality was deemed mainly moderate to high whereas 3 studies
were assessed as low-quality articles [9,11,19] due to incomplete
outcome reporting. Details on methodological characteristics and

quality of included articles are shown in Supplementary Table 2.

3.2. Incidence of EPM

As depicted in Supplementary Fig. 1, pooled rate of EPM in pa-
tients with IPMN was 27.3% (95% CI: 20.5%—34.1%).

Sensitivity analysis according to timing of EPM diagnosis
showed a pooled rate of 14.7% (9.4%—20.1%) of EPM detected pre-
vious to IPMN diagnosis and 6.6% (4.5%—8.7%) of synchronous EPM;
heterogeneity was moderate (I [2] = 45.46% and 48.43%, respec-
tively; Table 2). Based on 13 studies enrolling 39025 persons-year,
pooled rate of metachronous EPM was 10 (95% Cl: 6—13)/1000
persons-year, with moderate evidence of heterogeneity (I
[2] = 30.67%).

Table 2reports also other sensitivity analyses performed ac-
cording to IPMN histology, type, sex and study location.

Pooled rate of EPM was 30% (20.9%—39.1%) in patients with
malignant IPMN and 28.9% (19.3%—38.4%) in the case of benign
IPMN (p = 0.54). A significantly superior incidence of EPM was
observed in patients with main-duct IPMN (36.7%, 25.4%—48%) as
compared to branch-duct type (26.2%, 17.6%—34.8%; p = 0.03). On
the other hand, no difference was observed based on sex (male:
24%, 15.7%—32.2% versus female: 20.8%, 11.1%—30.6%; p = 0.64).
Higher rates of EPM were observed in Eastern studies (36.1%,
31.1%—41.1% versus 20.8%, 12.7%—28.9% in Western series;
p = 0.02).

Heterogeneity was mainly moderate in all of the aforemen-
tioned comparisons.

Meta-regression analysis did not find any significant correla-
tions between age nor proportion of surgical patients and overall
incidence rate (Supplementary Figs. 2A and 3A). Likewise, no cor-
relation was observed between age and proportion of patients



Table 1

Characteristics of included studies.

Study Country Sample size; Recruitment Control group (sample Age (years) Gender IPMN Size (mm)/Location Malignant
Follow-up length period; size) (male) type (head-uncinated) IPMN/
Design Surgery
Yoon 2008 Korea 210; 364 1993—-2007; Other pancreatic cysts 63.4 + 8.6 125 MD: 25 NR 57 (27.1%)
[16]* months + 31.8 Retrospective (175) (59.5%) (11.9%) NR NR
BD: 165
(78.5%)
Choi 2006 [9]* Korea 61; 28.8 months 1993—2004/ Mucinous cysts (38) 624 +74 38 MD: 18 NR 17 (28%)
Retrospective (62%)  (30%) 28 (46%) 61 (100%)
BD: 37
(61%)

Lubezky 2012 Israel 82; NR 1995—-2009; No 68.2 (32—86) Ratio: MD: 56% NR 39 (48%)
[11] Retrospective 0.75 BD: 19% NR 82 (100%)

Kamisawa Japan 79; 3.3 years + 0.5 1980—-2004; No 68.5 +9.2 54 MD: 30 NR 11 (13.9%)
2005 [17] Retrospective (68.3%) (37.9%) NR 23 (29.1%)

BD: 49
(62%)

Ishida 2008  Japan 61; 38 months (1 1988—2006; No 65+ 8 45 MD: 24 NR 36 (59%)

[18] -179) Retrospective (73.7%) (39.3%) NR 61 (100%)
37
(60.7%)

Calculli 2010 Italy 152; NR 2005—-2007; No 69.5 (37—98) 56 MD:6 19+19 NR

[19] Retrospective (36.8%) (4.2%) 43 (30.3%) NR
BD: 103
(72.5%)

Sugyiama Japan 42; 4.2 years (2 1984—1997; No 64 (46—78) 27 MD: 12 NR 26 (46.9%)

1999 [7] months-13 years) Retrospective (64.2%) (28.5%) NR 42 (100%)
BD: 17
(40.4%)

Baumgaertner France 178; NR 1991—-2006; Matched general 66 (23—-83) 86 MD: 4% NR 87 (49%)
2008 [8] Retrospective population (356) (48.3%) BD:31% 84% 178 (100%)

Eguchi 2006  Japan 69; 2.6 years + 3.5 1964—2004; Expected rate in 65+ 8 50 NR NR NR
[10]* Retrospective matched general (72%) NR 69 (100%)

population

Huang 2019  USA (SEER 2850; 76.7 2000—-2015; Expected rate in NR NR NR NR NR
[20] database) months (5—-188) Retrospective matched general NR NR

population

Kato 2016 [6] Japan 51; 63.7 mon 1991-2012; Expected rate in 68 + 7.2 NR NR NR 14 (27.4%)

ths+47.8 Retrospective matched general NR 51 (100%)
population

Kawakubo Japan 642; 50 months 1995—2008; Expected rate in 67.7 £+ 9.4 361 MD: 28 16 (2—80) NR
2011 [12] (12—189) Retrospective matched general (56%) (4%) 268 (42%) 45 (7%)

population

Larghi 2013 Italy 390; 13 months (5 2010—2011; Expected rate in NR 166 MD: 20 NR NR
[5] -31) Retrospective matched general (42.6%) (5.1%) NR 63 (16.2%)

population BD: 310
(79.5%)

Marchegiani  Italy, Germany, 1340; 46 months 2000—2013; Expected rate in 67 (16—94) 545 MD: 73 18 (5—140) NR

2015 [13]  Turkey, Sweden (13—170) Retrospective matched general (40.7%) (5.4%) 649 (48.4%) 189 (14%)
population BD: 1108
(82.7%)

Panic 2018 Italy 198; from 1to 7 2009-2015; Expected rate in 93 pts (47.2%) 81 MD: 27 NR NR

[21] years Retrospective matched general between 70 and 79  (40.9%) (13.7%) NR 20 (10.1%)
population years BD: 156
(79.2%)

Reid- USA 471; 1.2 years (1 1994—2006; Matched general 68 + 11 202 MD: 68 20 97 (40%)
Lombardo day-12.6 years)  Retrospective population (1413) (43%) (14%) 229 (49%) 239 (49%)
2010 [22]* BD: 233

(50%)
Roch 2016 USA 841; NR 1996-2013; No 68 + 12 333 MD: 270 NR 86 (10.2%)
[23] Retrospective (39.6%) (32.1%) NR NR
BD: 571
(67.9%)
Riall 2007 [24] USA 992; 10 years 1983—-1991; No 67.7 +11.2 48% NR NR 992 (100%)
Retrospective 49% NR

* Patients with pancreatic adenocarcinoma were excluded.
Abbreviations: BD, Branch-duct; IPMN, Intraductal Papillary Mucinous Neoplasia; MD, Main Duct; NR, Not Reported.

treated with surgery and rate/1000 persons-year of metachronous
EPMs (Supplementary Figs. 2B and 3B).
There was no evidence of publication bias (Supplementary

Fig. 4).

3.3. Comparison with general population and mortality

As reported in Fig. 2, based on 7 cohorts from 6 studies
[6,10,12,13,20,21], pooled SIR of comparison with expected rates in



Table 2

Sensitivity analysis concerning the incidence of extrapancreatic malignancies. Sensitivity analysis was performed based on a) timing of tumor occurrence (previous versus
synchronous versus metachronous), b) IPMN histology (malignant versus others), c) IPMN type (main duct versus branch duct), d) sex (male versus female), e) study location

(East versus West). Metachronous tumors were analyzed as rate/1000 persons/year.

Variable Subgroup No. of Cohorts

No. of patients

Pooled rate (95% CI) Within-group heterogeneity (I [2])

Extrapancreatic malignancy pooled rate

Timing Previous 14 4465 14.7% (9.4%—20.1%) 45.46%
Synchronous 14 6323 6.6% (4.5%—8.7%) 48.43%
Metachronous* 13 39025 PJY 10 (6—13) 30.67%
Histology Malignant 7 310 30% (20.9%—39.1%) 18.94%
Others 7 1038 28.9% (19.3%—38.4%) 25.7%
Type Main Duct 6 382 36.7% (25.4%—48%) 27.84%
Branch Duct 9 1034 26.2% (17.6%—34.8%) 29.22%
Sex Male 11 752 24% (15.7%—32.2%) 38.73%
Female 9 737 20.8% (11.1%—30.6%) 23.77%
Location East 8 1215 36.1% (31.1%—41.1%) 41.5%
West 10 7494 20.8% (12.7%—28.9%) 38.98%
* Results expressed as N/1000 persons/year.
SIR SIR
Study or Subgroup log[' SIR ] SE Weight 1V, Random, 95% CI 1V, Random, 95% ClI
Eguchi 2006 0.0862 0.1034 15.5% 1.09[0.89, 1.33] il
Huang 2019 0.1989 0.0964 15.7% 1.22 [1.01, 1.47] =
Kato 2016 -0.4463 0.1158 15.1% 0.64 [0.51, 0.80] -
Kawakubo 2011 -0.0619 0.1728 12.9% 0.94 [0.67, 1.32] =
Marchegiani 2015 0.392 0.2316 10.7% 1.48 [0.94, 2.33] —
Marchegiani 2015 (1) 0.3293 0.2218 11.1% 1.39[0.90, 2.15] T
Panic 2018 -0.3567 0.0702 16.5% 0.70 [0.61, 0.80] -
Total (95% Cl) 100.0% 1.01 [0.79, 1.29]

Heterogeneity: |2 = 22%
Test for overall ettect: Z = 0.08 (P = 0.93)

0.1 1 10 100
Favours IPMN Favours Control

0.01

Fig. 2. Forest plot comparing observed/expected incidence of metachronous extrapancreatic malignancies in patients with intraductal papillary mucinous neoplasia. Standardized
incidence ratio was 1.01 (0.79—1.29), with moderate evidence of heterogeneity (I [2] = 22%).

general population was 1.01 (0.79—1.29), with moderate evidence
of heterogeneity (I [2] = 22%).

Overall rates of gastric, colorectal and biliary cancer in IPMN
patients were 1.1% (0.6%—1.6%), 4.5% (3%—6.1%), and 0.5% (0.2%—
0.8%), with rates/1000 persons-year of metachronous cancers of 1
(0—-2), 2 (1-3), and 0.2 (0—0.4), respectively (Table 2).

In particular, as described in Table 2 and in Fig. 3A and B, no
difference was observed concerning rates of metachronous gastric
cancer (SIR 1.60, 0.72—3.54) and colorectal cancer (SIR 1.29,
0.92—1.18), with moderate evidence of heterogeneity. On the other

hand, based on 4 studies [12,13,20,22], biliary cancer was observed
more frequently in IPMN patients as compared to expected rates in
the general population (SIR 2.29, 1.07—4.93; I> = 0%, Table 3 and
Supplementary Fig. 5).

EPM-related and IPMN-related mortality rates were 6% (3%—
9.1%) and 6.3% (4.2%—8.5%), respectively, with rates/1000 persons-
year of EPM- and IPMN-related mortality of 20 (9—30) and 21
(14—28).

Heterogeneity in these comparisons was low to moderate
(Table 3).

A B

SIR SIR SIR SIR
Study or Subgroup log[ SIR ] SE Weight IV, Random, 95% CI 1V, Random, 95% CI Study or Subgroup log[ SIR ] SEWeight 1V, Random, 95% CI 1V, Random, 95% CI
Equchi 2006 03988 0.801 17.1%  1.49(0.31,7.16) i Equchi 2006 -0.1165 0.1449 28.7%  0.89(0.67,1.18] *
Huang 2019 01133 1061 114%  1.12(0.14, 8.96] e — Huang 2019 -0.0943 03945 12.6%  0.91(0.42,1.97) .
Kawakubo 2011 -0.2744 0.5095 28.5%  0.76(0.28, 2.06) —— Kawakubo 2011 0.0198 0.5174  8.6%  1.02(0.37,2.81) -
Marchegiani 2015 1.6467 0.8202 16.6% 5.19(1.04, 25.90) e —— Larghi 2013 0.8154 03359 153%  2.26(1.17,4.37) -
Reid-Lombardo 2010 1335 0.6811 21.0% 3.80(1.00, 14.44] ——— Marchegiani 2015 0.9083 0.6677  5.7%  2.48(0.67,9.18) N

Panic 2018 1.2782 0.6624  5.8% 3.59(0.98,13.19) —

Total (95% CI) 100.0%  1.60(0.72, 3.54] ? Reid-Lombardo 2010 0.2624 0.2477 20.7%  1.30(0.80, 2.11) ™
Heterogeneity: Tau’ = 0.31; Chi? = 7.48, df = 5 (P = 0.19); I* = 33% 5001 051 ] 150 100’
Test for overall effect: Z = 116 (P = 0.24) Favours IPMN  Favours Control o 1000% 120082, 181]

Heterogeneity: Tau? = 0.08; Chi® = 12,90, df = 8 (P = 0.12); I* = 38% b + -P 4 {
Test for overal effect: 2 = 1.46 (P = 0.15 L ! 100
estfor overall efct: 2:=:1.46 P = 0.15) Favours IPMN Favours Control

Fig. 3. Forest plots comparing observed/expected incidence of (a) gastric cancer and (b) colorectal cancer in patients with intraductal papillary mucinous neoplasia. No difference
was observed concerning rates of metachronous gastric cancer (SIR 1.60, 0.72—3.54) and colorectal cancer (SIR 1.29, 0.92—1.18), with moderate evidence of heterogeneity.



Table 3
Analysis concerning gastric, colorectal, biliary cancer, and mortality.

Tumor Endpoint No. of Studies No. of patients Summary measure (95% CI) Within-group heterogeneity (I [2])
Gastric cancer Overall rate 17 7478 1.1% (0.6%—1.6%) 45.56%
Metachronous* 11 10889 P/Y 1(0-2) 14.87%
Comparison with general population+ 5 1038 1.60 (0.72—3.54) 33%
Colorectal cancer Overall rate 17 7868 4.5% (3%—6.1%) 41.97%
Metachronous* 7 9211 P)Y 2(1-3) 0%
Comparison with general population+ 7 1034 1.29 (0.92—-1.18) 38%
Biliary cancer Overall rate 12 6214 0.5% (0.2%—0.8%) 33.9%
Metachronous* 9 28233 PJY 0.2 (0-0.4) 0%
Comparison with general population+ 4 745 2.29 (1.07—4.93) 0%
EPM-related mortality  Overall rate 6 522 6% (3%—9.1%) 54.28%
Rate/1000 persons/Y 6 1592 PJY 20 (9-30) 39%
IPMN-related mortality Overall rate 7 573 6.3% (4.2%—8.5%) 13.06%
Rate/1000 persons/Y 6 1684 P|Y 21 (14-28) 0%

* Results expressed as N/1000 persons/year.

+ Results expressed as standardized incidence ratio. Previous cancers were excluded from the comparative analysis.
Abbreviations: EPM, Extra-pancreatic malignancy; IPMN, Intraductal Papillary Mucinous Neoplasm.

4. Discussion

IPMNs are thought to be associated with other neoplasms, both
pancreatic and extra-pancreatic, as suggested in several studies
[9,16]. However, this statement has been recently questioned in
both Eastern and European prospective series assessing rates of
EPM detected during follow-up after IPMN diagnosis [12—14]. As a
consequence, current guidelines do not recommend additional
screening for EPMs in IPMN patients based on low quality of evi-
dence [25].

As this issue would have several implications in clinical practice,
particularly concerning the follow-up algorithm and the prognosis
of these patients, there is a pressing need to draw definitive con-
clusions based on a systematic review of the current literature,
analyzed through a meta-analytic approach.

Through a meta-analysis of 18 studies, we made several key
observations. Firstly, the overall pooled rate of EPM in patients with
IPMN was 27.3% (95% Cl: 20.5%—34.1%), with no difference between
malignant and benign IPMNs (p = 0.54). On the other hand, a sig-
nificant incidence of EPM was observed in patients with main-duct
IPMN (36.7%, 25.4%—48%) as compared to branch-duct type (26.2%,
17.6%—34.8%; p = 0.03). The overall rate observed in our study is in
line with previous systematic reviews [3,4].

Secondly, the pooled rate of metachronous EPM was 10 (95% CI:
6—13)/1000 persons-year, a finding not influenced by baseline age
nor proportion of surgical patients. Whether EPMs are detected
more frequently in patients after surgical resection of IPMN is still a
matter of debate. In fact, some authors claim a close association
between surgery and strict surveillance, thus increasing the
detection of EPMs whereas other experts attribute a possible sur-
veillance bias in favor of patients who are just followed-up and not
operated. In our analysis, surgery did not represent a predictor of
higher risk of EPM detection neither overall nor of metachronous
cancers, although the relatively low number of studies included in
the meta-regression analysis requires further studies to confirm
these findings.

Thirdly, IPMN patients did not appear to harbor a higher risk of
EPM detected during follow-up as compared to the general popu-
lation (SIR 1.01, 0.79—1.29). This finding was confirmed in subgroup
analysis concerning gastric and colorectal cancer (SIR 1.60,
0.72—3.54 and SIR 1.29, 0.92—1.18, respectively), whereas biliary
cancer was observed more frequently in IPMN patients as
compared to expected rates in the general population (SIR 2.29,
1.07—4.93). This finding should be interpreted with caution due to
the limited number of studies. To this end, more data is needed to
correctly identify which kinds of EPMs are more frequently

observed in IPMN patients as compared to the general population.

According to current literature, IPMN and the vast majority of
gastrointestinal neoplasms share the common adenoma-carcinoma
sequence [26,27]. For this reason, the gastrointestinal system was
the most investigated site for EPM detection. Therefore, EPM inci-
dence in the studies included for meta-analysis is likely to reflect
the respective geographic distribution of tumors in each country
with gastrointestinal cancers being more frequent in Eastern pa-
tients. This aspect could explain the higher EPM incidence found in
Eastern patients (36.1% vs 20.8%).

IPMN patients are usually under better medical observation
than general population according to current guidelines [28]. This is
particularly true in the case of resected IPMNs where a stricter
follow-up with clinical examinations and imaging tests is per-
formed. Therefore, while the initial diagnosis of IPMN is commonly
incidental, metachronous EPMs could be detected during imaging
follow-up, thus explaining the detection rates of EPM reported in
the included studies.

There is an increasing body of evidence suggesting that
pancreatic neoplasms (including IPMNs) and other GI tumors (such
as biliary cancer) originate from the same progenitor cells [29].
Additionally, several risk factors such as diabetes seem to be shared
by IPMN, pancreatic adenocarcinoma, and other gastrointestinal
cancers [30—32]. However, in spite of these common biological
pathways, association between IPMN and EPM was not higher than
in the general population; therefore, the results of our meta-
analysis could be explained also in light of environmental factors
(for example life-style) that are likely to play an important role in
the incidence of EPM. This aspect represents an important topic
that should be explored in future studies.

Finally, mortality due to EPM was not superior to mortality due
to IPMN, with similar rates of 6% (3%—9.1%) and 6.3% (4.2%—8.5%),
respectively.

Since resected IPMN patients have higher malignancy's suspi-
cion, they usually undergo stricter surveillance. However, meta-
regression analysis did not find a significant association between
proportion of surgical patients and EPM incidence. This implies that
several other factors could influence EPM incidence rates in IPMN
patients, most of them not fully identified.

There are some limitations to our study. First, the limited
number of studies in many subgroups does not allow a strong
comparison between IPMN patients and general population.
However, we decided to restrict the analysis to observed/expected
ratios, thus excluding studies reporting odds ratios in comparison
to matched patients with other cysts or pancreatic adenocarci-
noma. In fact, other pancreatic neoplasms do not seem to be



optimal candidates as control groups, since they show noticeable
differences in epidemiology, genetics and patients' outcome.
Therefore, ideal comparison is with a general population whose
sex- and age-matched data is taken from national or regional
registers.

Second, several comparisons were weakened by moderate
heterogeneity. We performed different sensitivity and meta-
regression analyses that confirmed the main results and note-
worthy, the heterogeneity decreased when several subgroups were
considered separately. Third, different follow-up length and diag-
nostic workup for tumor detection across the included studies
might represent a further bias. However, in order to obviate the
influence of length time bias on crude incidence rates, we analyzed
metachronous data in terms of rates/1000 persons-year, a measure
less prone to be biased. Finally, information on tumor stage at the
time of EPM detection was not available, thus preventing the
assessment of this important issue.

In conclusion, despite these weaknesses, our meta-analysis
demonstrates that IPMN patients harbor an overall rate of EPM as
high as 27.3%, but rate of metachronous extrapancreatic malig-
nancies is not superior to the general population.

Further prospective studies with adequate follow-up length are
warranted to confirm these results and to identify the exact setting
where stricter follow-up protocols are required.
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