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Abstract
Background  The management of intraductal papillary mucinous neoplasms (IPMNs) has evolved through successive Inter-
national Association of Pancreatology guidelines, aiming to refine surgical indications and improve cancer prevention. With 
broader adoption of surveillance, the oncologic outcomes of patients resected after follow-up—and the effectiveness of cur-
rent strategies in preventing malignancy—remain unclear. This study examined how evolving management has influenced 
surgical selection and cancer prevention, particularly by comparing patients resected at diagnosis versus after surveillance.
Methods  Patients with presumed IPMN across four International Association of Pancreatology guideline periods (pre-2006, 
2006–2012 [Sendai], 2012–2017 [Fukuoka], and 2017–2024 [Fukuoka revisions]) were analysed by clinical trajectory: 
follow-up without surgery, upfront surgery (resection within 12 months of diagnosis), and post-surveillance resection (PR). 
Endpoints included surgical indications and rates of low-grade dysplasia (LGD), high-grade dysplasia (HGD), and invasive 
carcinoma (IC).
Results  Across guideline periods, patients managed with surveillance increased from 172 before 2006 to 828 in 2006–2012, 
1,572 in 2012–2017, and 1,193 after 2017, while PR increased from 11 to 29, 60, and 204, respectively. Overall, among 
3,304 patients, 2,452 (74%) were managed with surveillance, 548 (17%) underwent upfront surgery, and 304 (9%) had PR. 
In the PR group, resections for a single high-risk stigmata (HRS) increased from 9% to 48%, and those with multiple HRS 
up to 20% after 2017. At pathology, LGD decreased from 46% to 17%, whereas HGD and IC increased from 18 to 28% and 
from 36 to 45%, respectively. In the upfront surgery group, LGD decreased from 49% to 26%. Development of HRS during 
follow-up was associated with a higher risk of HGD/IC (odds ratio 2.18, p = 0.008).
Conclusions  While evolving IPMN management has reduced rates of LGD and increased detection of HGD, invasive car-
cinoma remains frequent at resection after surveillance, as surgery is often delayed until HRS emerge. Improved tools are 
needed to optimize timing and define appropriate oncologic outcomes.

Intraductal papillary mucinous neoplasms (IPMNs) are pre-
cursor lesions of pancreatic cancer. While early detection 
and timely resection can improve outcomes, most IPMNs do 

not progress to malignancy, and the majority of patients will 
not require surgery during their lifetime.1,2 Over the years, 
international consensus guidelines, primarily those issued 
by the International Association of Pancreatology (IAP) in 
2006, 2012, 2017, and more recently in 2024, have aimed to 
identify patients at risk for malignant transformation. These 
guidelines rely on clinical criteria, such as worrisome fea-
tures (WF) and high-risk stigmata (HRS),3–6 with the goal 
of identifying lesions harbouring or at risk of evolving into 
cancer, while avoiding unnecessary resections.

They have been predominantly based on surgical series 
and static assessments of risk features, with high-grade dys-
plasia (HGD) and invasive carcinoma (IC) as the main end-
points for detection.7
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As surveillance has become more widely adopted, inter-
national guidelines have gradually refined surgical criteria 
to balance cancer prevention with the risk of overtreatment. 
Yet, limited data are available on how these criteria have 
shaped real-world management and oncological outcomes—
particularly in patients initially selected for surveillance.

This study therefore analysed IPMN management at the 
Pancreas Institute of Verona across successive IAP guide-
line periods, evaluating whether evolving clinical practice 
improved surgical selection and cancer prevention. We com-
pared oncologic outcomes in patients resected at diagnosis 
and those resected after surveillance, under the assumption 
that evolving risk-features may reflect biological progres-
sion. By analysing trends in clinical decision-making and 
pathology over time, we aimed to identify limitations in 
current risk stratification and inform future improvements.

Methods

Patients’ Selection

A prospectively maintained database of patients with pan-
creatic cysts evaluated at the Pancreas Institute of Verona 
between 1993 and 2024 was queried for cases of presumed 
IPMNs, managed either surveillance or surgical intervention.

Clinical management during each period followed the 
International Association of Pancreatology consensus guide-
lines available at the time: Sendai (2006)3; Fukuoka (2012)4; 
their revision (2017)5; and the latest 2024 guidelines6 (Sup-
plementary Fig. S1).

For each patient, the most recent clinical assessment 
within the corresponding guideline period was considered; 
in resected patients, the final preoperative visit was used. As 
a result, each patient could contribute one visit per period 
to the time-trend analysis. This approach was intended to 
reflect the decision-relevant clinical status within each era 
(continued surveillance vs. preoperative assessment) rather 
than to model within-patient disease progression over time.

Data collection included demographic, clinical, radio-
logical, and histopathological information, presumptive 
diagnosis and management decision (surgery or continued 
surveillance). Radiological evaluation was based on imag-
ing modalities, such as computed tomography (CT) scan, 
magnetic resonance imaging (MRI), or endoscopic ultra-
sonography (EUS).

Features assessed included cyst location, size (with 
thresholds: >3 and >4 cm), multifocality, main pancreatic 
duct (MPD) caliber (5–9 mm or >10 mm), septations, mural 
nodules, solid components, wall thickening, Ca 19.9, and 
lymphadenopathy. For multifocal cysts, the largest or most 
concerning lesion was considered.

Histopathology in resected cases was classified as low-
grade dysplasia (LGD), HGD, or IC.8,9 Cases with final 
diagnoses other than IPMN were classified as “other.”10 The 
study complied with Regulation (EU) 2016/679 on data pro-
tection and Italian law (Gazzetta Ufficiale No. 72, March 
26, 2012) on anonymized health data. Formal consent was 
waived due to the retrospective and anonymized design. The 
surgical database was approved by the Verona Ethics Com-
mittee (protocol PAD-R, n.1101CESC).

Time Trend Analysis

Patients with presumptive IPMNs were stratified into three 
groups based on management:

1)	 Follow-up (FU): Patients managed exclusively with 
radiological surveillance.

2)	 Upfront surgery (UF): Patients who underwent surgery 
within 12 months of initial clinical diagnosis. As in 
previous studies, this 12-month threshold was used to 
distinguish immediate surgery from true surveillance.11 
This timeframe accounts for the period typically needed 
for baseline evaluation, including referral from lower-
volume centres and second-level imaging. It also reflects 
surgical waiting times in high-volume centres, making it 
a reliable marker to differentiate upfront surgical man-
agement from surveillance-based decisions.

3)	 Post-surveillance resection (PR): Patients initially under 
surveillance who underwent surgery owing to clinical or 
radiological progression.

Clinical risk features at each visit were categorized into 
four groups:

•	 "None" for the absence of WFs;
•	 "Cumulative WFs" for multiple WFs;
•	 "1 HRS ± WF" for a single HRS regardless of additional 

WFs;
•	 "Cumulative HRS” for more than one HRS.

Upfront Surgery vs. Post‑Surveillance Resections

Patients in the UF group were compared with those in the 
PR group. Risk features from the final preoperative visit 
were analysed to determine whether features present at diag-
nosis (UF) versus those developing during follow-up (PR) 
differed in their predictive value for high-risk lesions (HGD 
and IC) or for IC alone.
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Statistical Analysis

Categorical variables were reported as frequencies and 
percentages; continuous variables as medians with inter-
quartile ranges (IQR). Group comparisons used the chi-
square or Fisher’s exact test for categorical data and the 
Kruskal-Wallis test for continuous variables.

Univariate logistic regression assessed associations 
between clinical features and pathology, using UF patients 
as the reference group. Odds ratios (OR) with 95% confi-
dence intervals (CI) were calculated for WFs and HRS pre-
sent at diagnosis or emerging during follow-up. Statistical 

significance was defined as a two-tailed p < .05. Analyses 
were performed using SPSS version 29.

Results

Study Population Characteristics

Between 1993 and 2024, 3,304 patients underwent clini-
cal evaluation for suspected IPMN (Tables 1 and S1). Of 
these, 2,452 (74.2%) were managed through surveillance, 
304 (9.2%) underwent surgery during surveillance (PR 
group), and 548 (16.6%) had upfront surgery after initial 

Table 1   Study population and comparison between cohorts popu-
lation characteristics pre-guidelines, 2006–2012, 2012–2017, after 
2017. Patients were classified into three groups: under surveillance 
(FU, follow-up without surgery), undergoing upfront surgery (UF, 
resection within 12 months from diagnosis), or undergoing surgery 

after an initial period of surveillance (PR, post-surveillance resec-
tion performed > 12 months after diagnosis). The first column reports 
overall patient characteristics, while subsequent columns reflect data 
based on one clinical visit per patient per time period

a Total of patients enrolled considered in the study
b Total amount of clinical visits within time period considering the limit of one visit per patient per time period
BD-IPMN: branch duct IPMN, MD-IPMN: main duct IPMN, MT-IPMN mixed-type IPMN, EUS: endoscopic ultrasound, UF: upfront, PR post-
surveillance

Overall patients < 2006 2006-2012 2012-2017 2017-2024 p value (across 
guideline peri-
ods)

Gender, male (%) 1,526 (46.2) 144 (45.4) 392 (39.8) 656 (37.1) 684 (44.2) < 0.001
Age, median (IQR) 67 (59–73) 64 (55–70) 67 (59–73) 68 (60–74) 68 (60–-75) < 0.001
Cyst location (%) < 0.001
Head 1,742 (52.7) 192 (60.6) 490 (49.7) 798 (45.2) 628 (40.6)
Body 946 (28.6) 59 (18.6) 261 (26.5) 475 (26.9) 459 (29.7)
Tail 273 (8.3) 46 (14.5) 144 (14.6) 306 (17.3) 296 (19.1)
Entire pancreatic gland 344 (10.4) 20 (6.3) 90 (9.1) 187 (10.6) 165 (10.7)
Jaundice, yes (%) 92 (2.8) 6 (1.9) 20 (2.0) 34 (1.9) 36 (2.3) NS
Acute pancreatitis, yes (%) 235 (7.1) 26 (8.2) 57 (5.8) 108 (6.1) 108 (7.0) NS
Ca 199 elevated 125 (3.8) 17 (5.4) 41 (4.2) 65 (3.7) 48 (3.1) NS
(Normal <37 UI/mL) (%)
Cyst type (suspected) (%) <0.001
BD-IPMN 2,480 (75) 222 (70.0) 839 (85.2) 1,510 (85.5) 1,139 (73.6)
MD-IPMN 198 (6) 39 (12.3) 38 (3.9) 49 (2.8) 84 (5.4)
MT-IPMN 626 (19) 56 (17.7) 108 (11.0) 207 (11.7) 325 (21.0)
Cyst size, > 30 mm (%) 772 (23.4) 91 (28.7) 211 (21.4) 352 (19.9) 339 (21.9) 0.009
Cyst size, median (IQR) 20 (12–30) 18 (10–26) 16.5 (10–25) 18 (10–27) <0.001
Main duct dilatation (>5mm), yes (%) 809 (24.5) 58 (18.3) 91 (9.2) 177 (10.0) 266 (17.2) <0.001
Main duct dilatation (>10mm), yes (%) 227 (6.9) 38 (12.0) 89 (9.0) 109 (6.2) 89 (5.7) <0.001
Mural nodule /Solid component, yes (%) 272 (8.2) 24 (7.6) 53 (5.4) 109 (6.2) 142 (9.2) <0.001
EUS performed, yes (%) 692 (20.9) 7 (2.2) 39 (4.0) 205 (11.6) 352 (22.7) <0.001
Management (%) <0.001
Surveillance 2,452 (74.2) 172 (54.3) 828 (84.1) 1,572 (89.0) 1,193 (77.0)
Surgery UF 548 (16.6) 134 (42.3) 128 (13.0) 134 (7.6) 152 (9.8)
Surgery PR 304 (9.2) 11 (3.5) 29 (2.9) 60 (3.4) 204 (13.2)
Total 3,304a 317b 985b 1,766b 1,549b
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workup (UF group). A total of 8,229 follow-up visits were 
recorded. For temporal trend analysis, 4,617 visits were 
included by selecting one visit per patient per guideline 
period (Table S2). Follow-up visits increased over time, with 
a median annual growth rate of 1.84% (Fig. 1).

Most patients were diagnosed with branch-duct IPMN 
(BD-IPMN, 2,480; 75%), followed by mixed-type (MT-
IPMN, 626; 19%) and main-duct IPMN (MD-IPMN, 198; 
6%). Clinically, 92 patients (2.8%) presented with jaundice, 
235 (7.1%) experienced acute pancreatitis, and 125 (3.8%) 
had elevated Ca1-.9 levels (>37 UI/mL).

The most common high-risk features were cyst size >30 
mm (772; 23.4%), main duct dilation of 5–9 mm (582; 
17.6%), or >10 mm (227; 6.9%). Mural nodules or solid 
components were identified in 272 patients (8.2%).

Patient Characteristics Across Guideline Periods

Patient demographics, radiological findings, and manage-
ment strategies varied significantly across guideline periods 
(Table 1). The number of patients evaluated increased from 
317 pre-2006 to 1,549 in 2017–2024. Median age at pres-
entation rose from 64 years (IQR 55–70) to 68 years (IQR 
60–75) (p < 0.001).

Cysts were predominantly located in the pancreatic head 
in all periods. BD-IPMNs remained the most frequent sub-
type, increasing to 73.6% after 2017, while MT-IPMNs rose 
from 17.7% to 21% (p < 0.001). Median cyst size decreased 
from 20 mm (IQR 12–30) to 18 mm (IQR 10–27) (p < 
0.001), and the rate of cysts >30 mm declined from 28.7% 
to 21.9% (p = 0.009).

Main duct dilatation (>5 mm) was seen in 18.3% of 
patients pre-2006 and 17.2% after 2017 (p < 0.001). Mural 

nodules or solid components were reported in 7.6% pre-2006 
and 9.2% after 2017 (p < 0.001).

Use of EUS increased markedly from 2.2% to 22.7% (p 
< 0.001) (Fig. S3). Surveillance became the predominant 
approach, rising from 54.3% to 77.0% (p < 0.001). The pro-
portion of patients undergoing surgery after surveillance 
increased from 3.5% to 13.2% (p < 0.001).

Clinical Risk Features Across Guideline Periods

The distribution of clinical risk features changed signifi-
cantly across guideline periods (Fig. 2A; Tables S3 and S4). 
Among 2,452 patients under surveillance (FU group), 1,600 
were actively followed at our institution (median follow-up: 
43 months; IQR 20–80). Although the absolute number of 
patients without risk features increased from 135 pre-2006 
to 797 after 2017, their proportion declined from 78% to 
67%. Patients with one WF rose from 33 to 232, remaining 
stable at 19%. Cumulative WFs increased from two (1%) to 
62 (5%), while those with 1 HRS ± WF increased from two 
(1%) to 96 (8%). Cumulative HRS, not seen before 2017, 
were observed in five patients (0.4%).

Among UF patients, resections in those without risk fea-
tures decreased from 14 (10%) pre-2006 to six (4%) after 
2017. Surgeries for patients with one WF and cumulative 
WFs declined from 60 (45%) to 23 (15%) and from 30 (22%) 
to 21 (14%), respectively. In contrast, surgeries in patients 
with one HRS ± WF increased from 28 (21%) to 75 (49%).

In the PR group (median follow-up: 54 months; IQR 
29–84), patients with 1 WF increased from five to 24 (12%), 
and those with cumulative WFs to 41 (20%). Patients with 
one HRS ± WF increased from one (9%) pre-2006 to 98 
(48%) after 2017; cumulative HRS, previously absent, were 
observed in 41 patients (20%).

Fig. 1   Trends in follow-up (FU) 
and first visits for suspected 
IPMN, showing an increase 
in FU visits and a decrease in 
median cyst size over time dur-
ing the study periods
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Fig. 2   A Distribution of clinical risk features across three patient 
cohorts: those managed with surveillance (FU, follow-up), those 
undergoing upfront surgical resection (UF), and those undergoing 
surgery after more than 12 months of surveillance due to progression 
(PR, post-surveillance resection). Risk features are categorized as 
worrisome features (WF) and high-risk stigmata (HRS). B Distribu-

tion of pathological outcomes for IPMN patients in the UF and PR 
groups across different time periods. Pathological diagnoses include 
low-grade dysplasia (LGD), high-grade dysplasia (HGD), invasive 
carcinoma (IC), and other non-IPMN findings. Data for panels A and 
B are detailed in Tables S2 and S4 of supplementary material, respec-
tively
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An increasing number of MD- and MT-IPMN cases 
remained under surveillance over time, with a growing pro-
portion eventually undergoing surgery (Supplementary Fig. 
S2).

Changes in Oncological Outcomes in Surgical 
Patients

In the UF group, LGD at final pathology decreased from 66 
(49%) pre-2006 to 29 (26%) after 2017, while IC increased 
from 44 (33%) to 71 (47%). The proportion of HGD 
remained relatively stable (~18–19%).

In the PR group, the proportion of LGD declined from 
45% (5 cases) to 17% (35 cases). IC cases increased from 4 
(36%) to 91 (45%), and HGD from 2 (18%) to 56 (28%) after 
2017 (Fig. 2B; Table S5).

Impact of Emerging Risk Features on Oncological 
Outcomes

We assessed whether risk features developing during sur-
veillance had different prognostic value than those present 
at diagnosis. Patients who developed one WF had a higher, 
though nonsignificant, risk of HGD/IC compared with UF 
patients with one WF (OR 1.831; p = 0.077). In contrast, 
developing one HRS ± WF was significantly associated 
with increased HGD/IC risk compared to HRS at diagnosis 
(OR 2.18; p = 0.008). The timing of surgery did not signifi-
cantly influence HGD/IC risk in patients with cumulative 
WFs or cumulative HRS. When risk features were analysed 
for IC alone vs. LGD/HGD, no variables were significantly 
associated with IC development (Table 2).

Discussion

This study analyses the evolution of clinical management 
of IPMNs at the Pancreas Institute of Verona, highlighting 
the impact of successive IAP guidelines on patient selection 
for surveillance and surgery and the associated oncological 
outcomes.

Over nearly two decades, the number of patients evalu-
ated for suspected IPMN in Verona increased, driven by 
advancements in cross-sectional imaging12,13 and a better 
understanding of the disease.14,15 This led to an increased 
detection of incidental pancreatic cysts, a progressive annual 
rise in the number of follow-up visits, and a corresponding 
increase in the number of patients undergoing surgery after 
a period of surveillance.

Management of IPMN, as guided by successive IAP rec-
ommendations, has aimed to improve risk stratification, with 
surgical indications focused on targeting high-risk lesions 
(namely HGD and IC) at final pathology.16 Pulvirenti et al. 
previously assessed the impact of guideline implementa-
tion on surgical selection for IPMNs in tertiary centres. 
Despite an increasing prevalence of WFs and HRSs in sur-
gical cohorts, the HGD/IC rate in BD-IPMN remained low 
(<30%) and did not vary significantly between institutions, 
likely reflecting consistent surgical indications despite vari-
ability in radiological interpretation.17 Our study focused 
on radiological characteristics rather than IPMN subtypes, 
thereby reducing classification variability and minimizing 
reporting discrepancies across time periods.

While this and other studies16–18 that have evaluated 
the evolution of IPMN guidelines have reported progres-
sively improved specificity and positive predictive value 
for detecting HGD/IC at final pathology, they are largely 

Table 2   Effect size of clinical 
risk features on the development 
of high-grade dysplasia (HGD) 
/ invasive carcinoma (IC) (A) 
and invasive carcinoma only 
(B) in patients undergoing 
upfront (UF) surgery vs. post-
surveillance resection (PR)

WF: Worrisome feature, HRS: high risk stigmata, UF: surgery upfront, PR: surgery post-surveillance, 
LGD: low-grade dysplasia, HGD: high-grade dysplasia, IC: invasive carcinoma

Clinical Risk Features LGD vs HGD/IC LGD/HGD vs IC

OR (95%CI) P value OR (95%CI) P value

1 WF
UF Ref Ref
PR (>12 months) 1.831 (0.936-3.585) 0.077 1.766 (0.900-3.467) 0.098
Cumulative WFs
UF Ref Ref
PR (>12 months) 1.110 (0.593-2.079) 0.744 1.107 (0.584-2.097) 0.756
1 HRS +/- WFs
UF Ref Ref
PR (>12 months) 2.179 (1.222-3.886) 0.008 1.283 (0.806-2.043) 0.294
Cumulative HRS
UF Ref Ref
PR (>12 months) 0.404 (0.127-1.284) 0.124 0.529 (0.238-1.173) 0.117
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limited to surgical cohorts with histological confirmation. 
Therefore, they do not account for the clinical context that 
prompted resection and fail to distinguish between patients 
resected at diagnosis and those undergoing surgery after a 
period of surveillance.

Key aspects of this study are the inclusion of patients 
managed with surveillance, reflecting current clinical 
practice, along with the separate analysis of oncologi-
cal outcomes in patients undergoing upfront surgery (UF 
group)—typically with clinical risk-features already pre-
sent at diagnosis—versus those resected after a period of 
surveillance (PR group), in whom risk features developed 
over time.

The outcomes of these two groups require distinct 
interpretation: IC in the UF group may reflect appropriate 
surgical indication, while IC in the PR group—following 
a period of surveillance aimed at intercepting malignant 
transformation—may reflect a later stage of intervention. 
Without accounting for these clinical trajectories, evalu-
ations of guidelines performance may lead to overtreat-
ment or underestimate missed cancers, depending on the 
context. However, the observed patterns likely reflect both 
evolving surgical decision thresholds over time and the 
natural history of IPMN progression, rather than a direct 
effect of management strategy alone.

In our surveillance cohort, we observed an increase 
in patients monitored with WFs (one or cumulative, 
24% after 2017) and those with one HRS (8%). In the 
UF group, surgeries for WFs declined, reflecting a shift 
toward initial surveillance for these patients. This likely 
stems from uncertainty about whether these features rep-
resent neoplastic progression or stable morphology. The 
HRS remained consistent across time periods, continuing 
to serve as absolute indicators for surgery.

Patients transitioning from surveillance to surgery (PR 
group) increased in recent years, also reflecting this shift 
in practice. This cohort showed a growing prevalence of 
WFs and HRS (up to 68% after 2017). While this study 
did not assess progression patterns from diagnosis, these 
findings may reflect limitations in earlier literature and 
guidelines in determining the optimal timing for surgery 
in evolving IPMNs,19 as well as a growing tendency to 
delay intervention until high-risk stigmata emerge. In this 
setting, EUS has gained increasing relevance and was per-
formed in 23.3% of all IPMN cases at our institution after 
2017.20,21 Although the 2024 IAP guidelines do not man-
date its use for surgical decision-making,6 in our practice, 
EUS is selectively employed to assess suspected HRS—
particularly mural nodules—and to confirm or delay sur-
gical indications at the time of evaluation. This targeted 
use may have influenced the timing of surgery in patients 
initially managed with surveillance.

Pathological outcomes showed a reduction in LGD resec-
tions in the UF group, indicating improved patient selection 
and fewer unnecessary surgeries, likely also influenced by 
reduced surgical indications for WFs. Conversely, the PR 
group had a significant increase in HGD, representing the 
ideal target, and IC after 2017, suggesting that surveillance 
strategies may not always prompt surgery at an earlier stage 
of disease progression.

Because the onset of WFs present at diagnosis cannot be 
determined—and 23% of patients in our cohort were man-
aged with surveillance—this raises the question of whether 
the predictive value of clinical risk-features for cancer dif-
fers when they emerge during follow-up rather than being 
present at baseline.

Comparing UF and PR groups, only the emergence of 
HRS during surveillance was significantly associated with 
HGD/IC at final pathology, in line with prior studies show-
ing that progressing features—main duct dilation, cyst 
growth, and mural nodules—are associated with increased 
malignancy.11,22,23 In contrast, WFs, whether present at 
diagnosis or developing later, were not clearly associated 
with higher yield, suggesting that WFs—despite indicating 
progression—may still lead to surgery for LGD. Conversely, 
multiple HRS, whether present at diagnosis or emerging dur-
ing follow-up, were associated with similarly high cancer 
rates.

Our data underscore the difficulty in distinguishing HGD 
from IC, as no clinical features were uniquely associated 
with cancer—potentially limiting the window for interven-
tion to target HGD.9 This supports the need for dynamic 
risk models and highlights the challenge of determining the 
optimal surgical timing in patients under surveillance—bal-
ancing early intervention for LGD against delaying surgery 
until HRS emerge, when the likelihood of detecting high-
risk lesions, including cancer, is higher.

In this context, the definition of appropriate oncological 
outcomes must align with the patient’s clinical trajectory. 
For those undergoing upfront surgery, HGD or IC represents 
the intended surgical target. Conversely, for patients man-
aged initially with surveillance, a resection yielding LGD 
may reflect timely intervention and successful prevention 
of malignant transformation.

These findings underscore the need for reliable biologi-
cal markers24–26 to support surgical decision-making and 
highlight the substantial radiological overlap between HGD 
and IC, which complicates risk stratification. Prospective 
models integrating lesion kinetics, molecular profiling, and 
AI-based imaging may enhance early identification of malig-
nant progression and optimise surgical timing. Molecular 
analysis of cyst fluid has emerged as a promising adjunct 
in the management of pancreatic cystic lesions.27,28 Recent 
molecular panels have demonstrated high diagnostic accu-
racy in classifying pancreatic cysts; however, their ability 



8436	 A. Pea et al.

to predict early biological progression and guide the timing 
of intervention during surveillance remains not completely 
defined. In our healthcare system, routine implementation 
is currently limited by heterogeneous access to validated 
assays and the absence of reimbursement within publicly 
funded frameworks. Our findings support the development 
of dynamic models integrating imaging and molecular tools 
to better define the window for cancer prevention.

This study has several limitations, primarily owing to its 
retrospective nature, which may have led to missing data, 
particularly in earlier time periods. Advancements in imag-
ing and evolving interpretation of radiological features 
over time may have influenced risk classification. While 
preoperative imaging was consistently available in recent 
years, earlier cases often relied on clinical or radiological 
reports. Similarly, shifts in pathological terminology may 
have affected histological classification, potentially under-
estimating cancers arising from IPMNs. Patterns of clini-
cal progression during surveillance and the role of EUS in 
confirming or delaying surgery were not analysed in detail. 
Adherence to surveillance protocols and follow-up intensity 
were not systematically evaluated, possibly influencing the 
timing of risk-feature detection.

Another limitation relates to differences in surveillance 
duration across patients and guideline periods. Because 
time-trend analyses were based on one visit per patient per 
period (the most recent), later eras may include patients 
with longer follow-up, allowing greater opportunity for risk 
features or invasive carcinoma to emerge. Consequently, 
increases in high-risk features and malignancy over time 
may partially reflect differences in time-at-risk in addition 
to evolving management strategies.

Additionally, this study does not account for minimally-
invasive cancers, which are associated with better prognosis 
following resection,29 while concomitant PDAC and recur-
rences in the pancreatic remnant were excluded, possibly 
underestimating the overall oncologic burden of IPMNs.30–32

Conclusions

This study highlights the evolving management of IPMNs 
under successive IAP guidelines, demonstrating improved 
surgical selection and increased reliance on surveillance. 
However, challenges persist in determining the optimal tim-
ing for surgery, as a substantial rate of IC at final pathology 
remains, particularly among patients initially selected for 
surveillance. While HRSs remain key surgical indicators, 
WFs alone—even when emerging during follow-up—have 
limited predictive value for high-risk lesions. These findings 
emphasise the need for improved risk stratification tools, 
including refined dynamic criteria to better predict malig-
nant progression and optimise surveillance strategies.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1245/​s10434-​026-​19898-2.

Acknowledgments  This study was partially supported by Associazione 
Italiana Ricerca sul Cancro [grant number: 30284], Fondazione Italiana 
Malattie Pancreas (FIMP- Ministero Salute, CUP_J33G13000210001), 
Fondazione Alessandro Zabbialini and Zanin family.

Author contributions  Study conception and design: AP, TDO, DS, RS; 
Acquisition of data: all authors; Data analysis: AP, TDO, DS; Discus-
sion and interpretation of data: all authors; Article drafting, critical 
revision, and final approval: All authors.

Funding  Open access funding provided by Università degli Studi di 
Verona within the CRUI-CARE Agreement.

Disclosure  Claudio Luchini—honoraria from Astellas (consulting, 
steering committee), and from Bayer, Gilead sciences, MSD, and 
Medica s.r.l. (consulting and speaker bureau).

Open Access   This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Kromrey ML, Bulow R, Hubner J, et al. Prospective study on 
the incidence, prevalence and 5-year pancreatic-related mor-
tality of pancreatic cysts in a population-based study. Gut. 
2018;67(1):138–45.

	 2.	 Chang YR, Park JK, Jang JY, Kwon W, Yoon JH, Kim SW. Inci-
dental pancreatic cystic neoplasms in an asymptomatic healthy 
population of 21,745 individuals: Large-scale, single-center 
cohort study. Medicine (Baltimore). 2016;95(51):e5535.

	 3.	 Tanaka M, Chari S, Adsay V, et al. International consensus guide-
lines for management of intraductal papillary mucinous neoplasms 
and mucinous cystic neoplasms of the pancreas. Pancreatology. 
2006;6(1–2):17–32.

	 4.	 Tanaka M, Fernandez-del Castillo C, Adsay V, et al. International 
consensus guidelines 2012 for the management of IPMN and 
MCN of the pancreas. Pancreatology. 2012;12(3):183–97.

	 5.	 Tanaka M, Fernandez-Del Castillo C, Kamisawa T, et  al. 
Revisions of international consensus Fukuoka guidelines for 
the management of IPMN of the pancreas. Pancreatology. 
2017;17(5):738–53.

	 6.	 Ohtsuka T, Fernandez-Del Castillo C, Furukawa T, et al. Inter-
national evidence-based Kyoto guidelines for the management of 
intraductal papillary mucinous neoplasm of the pancreas. Pan-
creatology. 2024;24(2):255–70.

	 7.	 Tanaka M. Intraductal papillary mucinous neoplasm of the pan-
creas as the main focus for early detection of pancreatic adeno-
carcinoma. Pancreas. 2018;47(5):544–50.

	 8.	 Adsay V, Mino-Kenudson M, Furukawa T, et al. Pathologic evalu-
ation and reporting of intraductal papillary mucinous neoplasms 

https://doi.org/10.1245/s10434-026-19898-2
http://creativecommons.org/licenses/by/4.0/


8437Cancer Risk After Initial Surveillance …            	

of the pancreas and other tumoral intraepithelial neoplasms of 
pancreatobiliary tract: Recommendations of Verona consensus 
meeting. Ann Surg. 2016;263(1):162–77.

	 9.	 Basturk O, Hong SM, Wood LD, et al. A revised classification sys-
tem and recommendations from the baltimore consensus meeting 
for neoplastic precursor lesions in the pancreas. Am J Surg Pathol. 
2015;39(12):1730–41.

	10.	 Salvia R, Malleo G, Marchegiani G, et al. Pancreatic resections for 
cystic neoplasms: from the surgeon’s presumption to the patholo-
gist’s reality. Surgery. 2012;152(3 Suppl 1):S135–42.

	11.	 Marchegiani G, Pollini T, Burelli A, et  al. Surveillance for 
presumed BD-IPMN of the pancreas: stability, size, and 
age identify targets for discontinuation. Gastroenterology. 
2023;165(4):1016–24.

	12.	 Moris M, Bridges MD, Pooley RA, et al. Association between 
advances in high-resolution cross-section imaging technologies 
and increase in prevalence of pancreatic cysts from 2005 to 2014. 
Clin Gastroenterol Hepatol. 2016;14(4):585–93.

	13.	 Ricci C, Migliori M, Imbrogno A, et al. Prevalence of asympto-
matic intraductal papillary mucinous neoplasms in healthy and ill 
populations detected by ultrasonography: a single-center study of 
6353 outpatients. Pancreas. 2019;48(1):113–20.

	14.	 Noe M, Niknafs N, Fischer CG, et al. Genomic characterization 
of malignant progression in neoplastic pancreatic cysts. Nat Com-
mun. 2020;11(1):4085.

	15.	 Fischer CG, Beleva Guthrie V, Braxton AM, et al. Intraductal 
papillary mucinous neoplasms arise from multiple independ-
ent clones, each with distinct mutations. Gastroenterology. 
2019;157(4):1123–37.

	16.	 Jung HS, Han Y, Chae YS, Yun WG, Cho YJ, Seo Y, Choi GW, 
Kim H, Lee KB, Lee DH, Kwon W. Diagnostic performance of 
surgical indications for branch-duct or mixed-type intraductal pap-
illary mucinous neoplasms of the revised International Associa-
tion of Pancreatology (IAP) 2023 guidelines. Annals of Surgery. 
2026;283(6):1044–50.

	17.	 Pulvirenti A, Margonis GA, Morales-Oyarvide V, et al. Intraductal 
papillary mucinous neoplasms: have IAP Consensus Guidelines 
changed our approach? Results from a multi-institutional study. 
Ann Surg. 2021;274(6):e980–7.

	18.	 van Huijgevoort NCM, Hoogenboom SAM, Lekkerkerker SJ, et al. 
Diagnostic accuracy of the AGA, IAP, and European guidelines 
for detecting advanced neoplasia in intraductal papillary mucinous 
neoplasm/neoplasia. Pancreatology. 2023;23(3):251–7.

	19.	 Ohno E, Balduzzi A, Hijioka S, et al. Association of high-risk 
stigmata and worrisome features with advanced neoplasia in 
intraductal papillary mucinous neoplasms (IPMN): a systematic 
review. Pancreatology. 2024;24(1):48–61.

	20.	 Dong W, Zhen D, Xiaoyan W, et al. The effectiveness of endo-
scopic ultrasonography findings to distinguish benign and malig-
nant intraductal papillary mucinous neoplasm. Surg Endosc. 
2023;37(6):4681–8.

	21.	 Correa-Gallego C, Miyasaka Y, Hozaka Y, et al. Surveillance 
after resection of non-invasive intraductal papillary muci-
nous neoplasms (IPMN). A systematic review Pancreatology. 
2023;23(3):258–65.

	22.	 Pergolini I, Sahora K, Ferrone CR, et al. Long-term risk of pan-
creatic malignancy in patients with branch duct intraductal papil-
lary mucinous neoplasm in a referral center. Gastroenterology. 
2017;153(5):1284–94.

	23.	 Ciprani D, Weniger M, Qadan M, et  al. Risk of malignancy 
in small pancreatic cysts decreases over time. Pancreatology. 
2020;20(6):1213–7.

	24.	 Paniccia A, Polanco PM, Boone BA, et al. Prospective, multi-
institutional, real-time next-generation sequencing of pancre-
atic cyst fluid reveals diverse genomic alterations that improve 
the clinical management of pancreatic cysts. Gastroenterology. 
2023;164(1):117–33.

	25.	 Al Efishat MA, Attiyeh MA, Eaton AA, et al. Multi-institutional 
validation study of pancreatic cyst fluid protein analysis for pre-
diction of high-risk intraductal papillary mucinous neoplasms of 
the pancreas. Ann Surg. 2018;268(2):340–7.

	26.	 Hata T, Dal Molin M, Suenaga M, et al. Cyst fluid telomerase 
activity predicts the histologic grade of cystic neoplasms of the 
pancreas. Clin Cancer Res. 2016;22(20):5141–51.

	27.	 Singhi AD, Wald AI, Smith K, et al. PancreaSeq Genomic Classi-
fier (PancreaSeq GC) improves pancreatic cyst classification and 
detection of advanced neoplasia: a multi-institutional validation 
study. Ann Surg Oncol. 2026;33(4):2865–75.

	28.	 Wang Y, Lih TM, Lee JW, et al. Multi-omic profiling of intra-
ductal papillary neoplasms of the pancreas reveals distinct 
patterns and potential markers of progression. Cancer Cell. 
2025;43(11):2156–70.

	29.	 Habib JR, Rompen IF, Campbell BA, et al. An international multi-
institutional validation of T1 sub-staging of intraductal papillary 
mucinous neoplasm-derived pancreatic cancer. J Natl Cancer Inst. 
2024;116(11):1791–7.

	30.	 Pea A, Yu J, Rezaee N, et al. Targeted DNA sequencing reveals 
patterns of local progression in the pancreatic remnant following 
resection of intraductal papillary mucinous neoplasm (IPMN) of 
the pancreas. Ann Surg. 2017;266(1):133–41.

	31.	 Felsenstein M, Noe M, Masica DL, et al. IPMNs with co-occur-
ring invasive cancers: neighbours but not always relatives. Gut. 
2018;67(9):1652–62.

	32.	 Omori Y, Furukawa T, Scarpa A, Luchini C. Co-occurring 
IPMN and pancreatic cancer: the same or different? An over-
view from histology to molecular pathology. J Clin Pathol. 
2023;76(11):734–9.

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Cancer Risk After Initial Surveillance of Intraductal Papillary Mucinous Neoplasms (IPMNs): Are We Missing the Window for Prevention?
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 

	Methods
	Patients’ Selection
	Time Trend Analysis
	Upfront Surgery vs. Post-Surveillance Resections
	Statistical Analysis

	Results
	Study Population Characteristics
	Patient Characteristics Across Guideline Periods
	Clinical Risk Features Across Guideline Periods
	Changes in Oncological Outcomes in Surgical Patients
	Impact of Emerging Risk Features on Oncological Outcomes

	Discussion
	Conclusions
	Acknowledgments 
	References




