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ABSTRACT

Introduction: Resection of intraductal papillary mucinous neoplasm (IPMN) aims to prevent progression to invasive
pancreatic cancer. However, the risks of pancreatic surgery and frequent findings of low-grade dysplasia (LGD) raise concerns
about overtreatment. This EAHPBA-endorsed multinational study evaluated short- and long-term overall survival (OS)
following preventive resection for IPMN (without pre-operative signs of cancer).

Methods: Adult patients with resected IPMN showing LGD, high grade dysplasia (HGD) or T1-staged invasive carcinoma from
2008-2023 were identified from the OPTIMAL-IPMN database. Estimated OS rates at one, five and 10 years in patients un-
dergoing preventive pancreatic resection were assessed using Kaplan-Meier analyses and predictors for mortality were evaluated
using parametric survival regressions.

Results: Among 2275 patients in the OPTIMAL-IPMN database, 1728 (77%) had undergone preventive pancreatic resection for
IPMN. Of those were 61% resected without prior surveillance. Final pathology revealed LGD in 63%, HGD in 27% and Tla-c-
staged invasive cancer in 10% (7.3% Tla-b, 2.8% T1c). Estimated 1-year OS rate was 97%. Estimated 5-year OS rates (landmark
analysis at 1 year) for LGD, HGD, T1a-b, and T1c was 97%, 99%, 96% and 91% respectively. Independent predictors for long-term
mortality included age > 75 versus < 75 years (HR 1.97) and Tlc versus LGD (HR 8.12).

Conclusion: This multinational study confirms excellent survival after preventive IPMN resection but reveals many upfront
resections yielding LGD with unknown survival benefit. Future studies should aim to determine which patients can be followed

safely with monitoring to avoid unnecessary immediate resection.

1 | Introduction

Intraductal papillary mucinous neoplasm (IPMN) is a prema-
lignant pancreatic cystic lesion that accounts for 5%-15% of
pancreatic ductal adenocarcinoma (PDAC) [1, 2]. Improved
imaging [3, 4], heightened awareness [5], and possibly rising
incidence [6] have increased diagnosis and resections [5, 7, 8].

Current guidelines recommend resection in a subgroup of IPMN
to prevent invasive progression while advocating surveillance
for low-risk lesions. However, two thirds of resected IPMN
display low grade dysplasia (LGD) [9, 10], and pancreatic sur-
gery carries risks, including up to 5% 1-year mortality in LGD
patients [8], raising concerns about overtreatment. Enhancing
patient selection is needed.

Balancing the surgical risks against the inherent risk of invasive
transformation during surveillance remains a challenge for le-
sions without invasive traits. The main goal with preventive
resection is to avoid too late surgery and evolution to invasive
carcinoma, and to aim for high-grade dysplasia (HGD) in final
pathology [11]. Resections yielding LGD have hitherto been
accepted but may be considered overtreatment. However, recent
evidence suggests that outcomes for early invasive lesions
< 1 cm may be comparable to LGD lesions [10]. A definite
histological upper threshold for intervention has not yet been
established or validated.

This retrospective multi-center OPTIMAL-IPMN study evalu-
ates short-term and long-term overall survival (OS) of a low-risk
group following preventive IPMN resection.

2 | Material and Methods

2.1 | Study Setting

This was a retrospective cohort study including all adult patients
(age > 18 years) who had undergone preventive (i.e., without pre-

operative signs of cancer) pancreatic resection between January 1,
2008, and December 31, 2023, with a final pathology revealing
IPMN, classified as LGD, HGD or T1 invasive carcinoma.

Patients were identified through the OPTIMAL-IPMN database,
an E-AHPBA-endorsed multi-center project designed to optimize
the timing of resection for IPMN lesions that do not require im-
mediate surgery, currently including data from 23 European and
one American pancreatic center. Lesions were classified accord-
ing to the WHO-classification (5th ed.) [12] and invasiveness was
assessed using the AJCC TNM-classification (8th ed.) [13, 14].
Lesions that previously had been classified under earlier editions
were re-defined. Postoperative complications within 90 days were
graded using to the Clavien-Dindo classification [15].

2.2 | Endpoints

The primary endpoint was overall survival (OS), defined as the
time from surgery to death or last follow-up whichever came
first, and assessed at one, five and 10 years according to
dysplasia grade and invasive tumor stage. The secondary
endpoint was predictors for short- and long-term mortality.

2.3 | Preoperative Imaging

All patients underwent preoperative magnetic resonance imaging
(MRI), contrast-enhanced computer tomography scans (CT) and/
or endoscopic ultrasound (EUS) with or without fine needle
aspiration/biopsy. Pre-operative multi-disciplinary team discus-
sions were notrequired, although we assumed that they had taken
place.

2.4 | Guideline Adherence

During the study period, radiologic interpretation and surgical
decision-making was influenced by various guidelines and
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Key Summary

o Summarise the established knowledge on this subject:

o IPMNs are precursor lesions for invasive pancreatic
cancer.

o Current guidelines recommend resection when
certain radiologic features emerge.

o Pancreatic resection carries significant risk for
morbidity and mortality.

o A substantial proportion of resected IPMNs ulti-
mately show only LGD.

e What are the significant and/or new findings of this
study?

o Large cohort (n = 1728) showed excellent 1- and 5-
year overall survival after preventive IPMN resec-
tion, from LGD to early invasive (T1a-b) lesions.

o Only Tlc cancer and age > 75 independently pre-
dicted worse long-term survival.

o 63% of resections yielded LGD and 61% were per-
formed without prior surveillance, indicating
frequent overtreatment and need for better patient
selection or safe monitoring.

consensus statements, including Sendai (2006) [16], Fukuoka
(2012,2017) [7,17] European (2013, 2018) [18, 19] and American
Gastroenterological Association (2015) [20]. Although the upda-
ted Kyoto (2024) guidelines [21] were published after the end of
the study period for this cohort study, their definitions were
considered to enhance alignment with current standards. For
instance, the terms “enhancing mural nodule” and “solid
component”, which varied across earlier guidelines, were jointly
analyzed according to Kyoto 2024 [21]. Patients with solid masses
or tumors were excluded, as this typically indicate invasive
disease.

Radiological features were primarily defined according to
European 2018 guidelines, in which surgical indications are
classified as absolute (solid mass, positive cytology for malig-
nancy, IPMN-related jaundice, enhancing mural nodule
> 5 mm and main pancreatic duct [MPD] diameter > 10 mm)
and relative (cyst diameter > 40 mm, cystic growth > 5 mm/
year, MPD dilatation between 5 and 9.9 mm, enhancing
mural nodule < 5 mm and acute pancreatitis caused by
IPMN) [19].

Additional radiological features highlighted in AGA and
Fukuoka guidelines (e.g., abrupt MPD caliber change, lymph-
adenopathy, or thickened/enhancing cyst walls) were occa-
sionally found to have triggered surgery. Further, it is plausible
that some resections may have been performed without strict
indications for surgery according to current guidelines (e.
g., double-duct sign, stenosis/stricture of MPD, pain, weight
loss).

2.5 | Surveillance Strategies

Surveillance was guided by abovementioned guidelines with the
discretion of each center's routine and clinical expertise in
pancreatic disease management. We acknowledge that practices
varied.

2.6 | Pre- and Postoperative Decision-Making

Surgical decisions were also guided by abovementioned guide-
lines and each center's clinical expertise and judgment. IPMN
lesions with features suggestive of invasive cancer (visible/sus-
pected tumor or solid mass) that naturally require immediate
resection were excluded from this study. Lesions without such
features are managed by either surveillance or preventive resec-
tion. This study focused on the latter group, who thus underwent
surgery for a suspected premalignant lesion in order to mitigate
the risk of invasive progression. We acknowledge that these re-
sections were often driven by a combination of guideline adher-
ence and clinical judgment that may have varied between centers,
and that some resections—in retrospect—may have been un-
necessary. Procedures included pancreatoduodenectomy, left
pancreatectomy, total pancreatectomy, or other. Resected pa-
tients returned to surveillance program. For the 174 patients with
invasive disease (10%), data on chemotherapy was lacking.

2.7 | Data Collection

Demographic, radiological, peri-operative, pathology and sur-
vival data were collected via the Research Electronic Data
Capture (REDCap) system by each centra. No identifiable in-
formation was uploaded. Follow-up followed local protocols.
Ethical approval was obtained from Stockholm ethical com-
mittee, with local approvals on each site. The study followed the
Declaration of Helsinki and STROBE guidelines [22]. Informed
consent was not required.

2.8 | Covariates

Collected covariates included: demographical, radiologic, labo-
ratory and clinical variables. Pancreatic cancer < 1 cm was in
some centers occasionally not subcategorized into Tla or T1b,
and were grouped to Tla-b to avoid exclusion. As Tla and T1b
lesions showed similar short- and long-term outcomes, they
were jointly analyzed to increase statistical power.

2.9 | Statistical Analyses

Clinical and radiologic variables were compared across LGD,
HGD and T1-lesions using Wilcoxon rank-sum test for contin-
uous covariates and Chi-square or Fisher's exact test (when
appropriate) for categorical variables. Results are presented as
medians and interquartile ranges (IQR) or frequencies (n) and
percentages (%).

2.9.1 | Parametric Survival Regression

Covariates associated with short- and long-term mortality were
initially identified using univariable and multivariable Cox
proportional hazard regression. However, as Schoenfeld resid-
ual tests revealed violation of the proportional hazards
assumption (p < 0.05 for three variables), we instead employed
parametric survival regression using the Gompertz distribution,
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which accommodates non-proportional hazards through its
time-varying baseline hazard. Model selection was based on
Akaike Information Criterion (AIC) corrected for sample size.

Two separate models were developed for short term (1-year) and
long-term (10-year) mortality. Covariates were selected a priori
based on clinical relevance. The 1-year model assessed periop-
erative mortality and included age (< 75 vs > 75 years), co-
morbidity (ASA class 1-2 vs 3-4), and surgical procedure type
(pancreatoduodenectomy vs left and total pancreatectomy). The
10-year model included a landmark analysis at 12 months to
minimize confounding from perioperative mortality, excluding
patients who died within 12 months. The remaining 1557 pa-
tients (79 events) were initially assessed with age (< 75
vs > 75 years), comorbidity (ASA class 1-2 vs 3-4), pre-operative
CA19-9 levels (< 37 vs > 37 U/mL) and pathologic grade (LGD,
HGD, Tla-b, T1lc). CA19-9 was not significant (p = 0.459) and
excluded from final model. Hazard ratios (HR) with 95% con-
fidence intervals (CI) were reported; p < 0.05 indicated statis-
tical significance.

All tests were two-sided, with statistical significance set at
p < 0.05. Analyses were performed in R version 4.5.0 (GUI 1.81
Big Sur ARM build). SuperGrok by xAI and Claude Sonnet 4.5
by Anthropic were used to refine R-code, as well as to enhance
flow, grammar and spelling of this manuscript.

2.9.2 | Kaplan-Meier Analyses and Sensitivity Analyses
Short- and long-term survival outcomes were depicted using
Kaplan-Meier analyses. As for in the regression, the long-term
model also included a landmark analysis at 12 months
excluding patients who died within 12 months. OS rates at one,
five and 10 years were estimated using the Kaplan Meier
methods, with pairwise comparisons conducted using Z-tests to
focus on fixed time point differences, rather than log rank tests
for entire survival curve differences.

Based on predictors retrieved from the two models, sensitivity
analyses were performed to assess OS in high-risk individuals.
To minimize confounding from perioperative mortality,
the long-term model also included a landmark analysis at
12 months.

3 | Results

The 24 OPTIMAL-IPMN centers contributed 2275 patients
(median of 58, IQR 28-114; range 4-360) over al6-year period,
with median center participation of 10 years, IQR 8-13.

3.1 | Baseline Characteristics

Out of the 2275 included patients from the OPTIMAL-IPMN
cohort, three quarters (n = 1728) underwent preventive resec-
tion and included in this study. Half (n = 917) were of male sex
and median age was 70 (IQR 63-74) years. One-third (n = 521)
were critically comorbid (ASA 3-4). Overall, 61% (n = 1059)

underwent resection at discovery without prior surveillance,
while an additional 15% underwent resection within 1 year of
initial diagnosis (Table 1). Resections upon discovery decreased
over study cohort periods: 68% in 2008-2015%, to 65% in
2016-2019%, and 48% in 2020-2023 (p < 0.001).

3.2 | Indications for Surgery

Radiologic diagnosis was branch-duct (35%), main-duct (25%)
and mixed-type (40%). The most common surgical indications
were main duct (61%) and branch duct (55%), whereas the
presence of tissue proliferation (i.e., enhancing mural nodule
and/or solid component) was not as common (16%). Presenta-
tion with symptoms and increased CA19-9 > 37 U/mL occurred
in 21% and 17% respectively. With the exception of branch-duct
involvement (57%), all indications were more frequent in inva-
sive lesions: main duct involvement (73%), solid part (34%),
symptoms (39%) and CA19-9 > 37 (25%) (p < 0.005 for all).
Almost half (n = 787) underwent pancreatoduodenectomy, 38%
(n = 634) left pancreatectomy and 16% (n = 269) total pancre-
atectomy. Surgical indications (absolute, high-risk features/
stigmata) according to AGA, European and Kyoto guidelines
respectively were present in a third of the resections, and final
pathology revealed LGD in 44%-48%, HGD 33.5%-40% and T1
in 16%-17%.

3.3 | Clinical Outcome

Major morbidity (Clavien-Dindo > 3a) within 90-day occurred
in a quarter (n = 507) for non-invasive lesions, but in 15% for
invasive lesions (p = 0.004). Major morbidity was mainly due to
grade 3a/3b complications (20% vs 12%, p = 0.013). Post-
operative 90-day mortality occurred in 2.0%, with no significant
group differences. Major morbidity remained stable over time
periods. Of the 46 patients (2.7%) that died within the first year
and excluded from Landmark analysis, 24 (52%) were LGD, 17
(37%) HGD and 5 (11%) T1-disease. Information on cause of
death was lacking.

3.4 | Postoperative Pathology

Pathology revealed LGD in 63% (n = 1085), HGD in 27%
(n = 469) and invasive T1-carcinoma in 10% (n = 174). In the
study period 2020-2023, LGD, HGD and T1 were found in 58%,
29% and 13%, respectively. T1lc frequency was 1.7%, 3.3% and
3.2% across study periods. Among lesions resected at discovery,
62% were LGD, and 9% T1 (6.5% Tla-b and 2.6% T1c).

3.5 | Follow Up and Overall Survival

Median follow-up was 156 months (IQR 79.1-237), with 949
patients (54.9%) followed beyond 10 years. Overall, 284 deaths
(16.4%) occurred during follow-up. Estimated five- and 10-year
OS rates were 94.3% and 87.9%, respectively.
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TABLE 1 | Descriptive statistics of the resected cohort.

Variables Overall N = 1728 LGD, n = 1085* HGD, n = 469" T1, n = 174* p-value®
History of IPMN 0.139
Not previously known 1059 (61) 661 (61) 301 (64) 97 (56)
Under surveillance 668 (39) 423 (39) 168 (36) 77 (44)
Time 0.044
<1 year 263 (40) 159 (38) 62 (37) 42 (55)
1-2 years 148 (22) 102 (25) 34 (20) 12 (16)
2-5 years 155 (23) 90 (22) 49 (29) 16 (21)
> 5 years 94 (14) 65 (16) 22 (13) 7(9.1)
Radiologic diagnosis < 0.001
BD-IPMN 609 (35) 463 (43) 104 (22) 42 (24)
MD-IPMN 430 (25) 230 (21) 140 (30) 60 (35)
MT-IPMN 681 (40) 385 (36) 225 (48) 71 (41)
IPMN-Uns 8 (0) 7 (0) 0 (0) 1(0)
Surgical indication®
Absolute indication 542 (31) 238 (22) 218 (46) 86 (49) < 0.001
High risk features 499 (29) 241 (22) 173 (37) 85 (49) < 0.001
High risk stigmata 580 (34) 263 (24) 225 (48) 92 (53) < 0.001
Surgical indication
Related to main duct 1066 (62) 603 (56) 337 (72) 126 (73) < 0.001
Dilatation 1061 (61) 599 (55) 337 (72) 125 (72) < 0.001
Abrupt change of duct 26 (1.5) 18 (1.7) 4 (0.9) 4 (2.3) 0.313
Related branch duct 947 (55) 602 (56) 245 (53) 100 (57) 0.575
Size > 4 cm 806 (47) 508 (47) 212 (45) 86 (49) 0.623
Size progression 203 (12) 151 (14) 44 (9.4) 8 (4.6) < 0.001
Thickened walls 108 (6.3) 46 (4.2) 36 (7.8) 26 (15) < 0.001
Related to solid part 270 (16) 122 (11) 89 (19) 59 (34) < 0.001
Enhancing nodulus 207 (12) 84 (7.7) 74 (16) 49 (28) < 0.001
Solid component 79 (4.6) 46 (4.2) 20 (4.3) 13 (7.5) 0.155
Symptoms 360 (21) 160 (15) 133 (28) 67 (39) < 0.001
CA19-9 > 37 (U/mL) 210 (17) 110 (14) 65 (19) 35 (25) 0.005
Operation year 0.039
2008-2015¢ 541 (31) 347 (32) 139 (30) 55 (32)
2016-2019 724 (42) 470 (43) 195 (42) 59 (34)
2020-2023 463 (27) 268 (25) 135 (29) 60 (34)
Procedure < 0.001
PD 787 (47) 481 (46) 228 (49) 78 (46)
Left P 634 (38) 468 (44) 127 (27) 39 (23)
Total P 269 (16) 108 (10) 109 (23) 52 (31)
Clavien-Dindo 90 days 0.016
0-2 1182 (75) 695 (73) 349 (75) 138 (84)
3 303 (19) 202 (21) 82 (18) 19 (12)
4 67 (4.2) 39 (4.1) 24 (5.2) 4(2.4)
5 32 (2.0) 18 (1.9) 11 (2.4) 3(1.8)
(Continues)
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TABLE 1 | (Continued)

Variables Overall N = 1728 LGD, n = 1085* HGD, n = 469* T1, n = 174* p-value®
Histopathology < 0.001

LGD 1085 (63) 1085 (100) 0 (0) 0 (0)

HGD 469 (27) 0 (0) 469 (100) 0 (0)

Tla 89 (5.2) 0 (0) 0 (0) 89 (51)

T1b 26 (1.5) 0 (0) 0 (0) 26 (15)

Tla-b 11 (0.6) 0 (0) 0 (0) 11 (6.3)

Tlc 48 (2.8) 0 (0) 0 (0) 48 (28)

Abbreviations: BD, branch duct; CA, Cancer Antigen; HGD, high grade dysplasia; LGD, low grade dysplasia; MD, main duct; MT, mixed type; PD,

Pancreatoduodenectomy; PE, Pancreatectomy; T1, T1-stage; Uns, unspecified.
n (%).
Pearson’s Chi-squared test; Fisher's exact test.

“According to American Gastroenterological Association, European and Kyoto guidelines.

432 patients (1.4%) were resected prior to 2010.

Estimated 1-year OS rate for the entire cohort was 97.2% (CI
96.5-98.0) (Figure la): LGD 97.7% (CI 96.8-98.6), HGD 96.3%
(CI 94.6-98.0), T1a-b 97.5% (CI 94.8-100), and for T1c 95.8% (CI
90.2-100), with no significant differences in pairwise compari-
sons between groups (p > 0.1 for all).

Estimated 5-year OS rate (with landmark analysis at 1 year) was
97.1% (CI 96.3-98.0) across LGD to Tlb: LGD 96.6% (CI
95.4-97.8), HGD 98.6% (CI 97.4-99.7), Tla-b 96.2% (CI
92.6-99.9), and for T1lc 90.9% (CI 82.9-99.8) (Figure 1b). Sig-
nificant difference was only found between LGD versus HGD
(p = 0.021), borderline for HGD versus T1c (p = 0.081) but not
between other groups (p > 0.1 for all).

Estimated 10-year OS rate (with landmark analysis at 1 year)
was 91.4% (CI 89.8-93.0) across LGD to Tla-b: LGD 91.9% (CI
90.0-93.8), HGD 90.9% (CI 87.9-94.1), Tla-b 88.5% (CI
82.3-95.2) and T1c 57.1% (CI 43.0-75.8) (Figure 1b). In pairwise
comparisons, LGD versus Tlc, HGD versus Tlc and Tla-b
versus Tlc were statistically significant (p < 0.001), not be-
tween other comparisons (p > 0.2).

3.6 | Parametric Survival Regression

Among 1728 patients, 46 deaths occurred within the first year.
Independent predictors of 1-year mortality included: age > 75
versus < 75 years (HR 2.62, CI 1.40-4.89, p = 0.003), ASA 3-4
versus ASA 1-2 (HR 2.95, CI 1.61-5.40, p < 0.001), pan-
creatoduodenectomy versus left pancreatectomy (HR 5.51, 95%
CI 2.30-13.2, p < 0.001) (Table 2).

Among 1557 non-censored patients surviving beyond one year,
45 and 79 deaths occurred within 5 and 10 years respectively.
Independent predictors of 10-year mortality included age
> 75 years versus < 75 years (HR 1.97, 95% CI 1.21-3.23,
p = 0.009) and Tlc invasive carcinoma (HR 8.12, 95% CI
4.34-15.2, p < 0.001). T1b invasive carcinoma did not reach
statistical significance for mortality (HR 3.00, 95% CI 0.91-9.86,
p = 0.071) (Table 2).

3.7 | Sensitivity Analyses

Individuals > 75 years and/or ASA 3-4 undergoing pan-
creatoduodenectomy demonstrated an estimated OS-rate at one-
year of 91.5% with no significant differences between groups
(p > 0.3). Individuals > 75 years demonstrated conditional
estimated OS-rate (landmark at one year) at five year of 95.4%
for entire cohort with no differences within groups, and at 10
year of 87.2%, 92.3% 72.4% and 60% for LGD, HGD, Tla-b and
Tlc respectively. Pairwise comparisons between LGD, HGD,
Tla-b and Tlc at 10 year showed only significant differences
between HGD and Tla-b (p = 0.03) and HGD and Tlc
(p = 0.009).

4 | Discussion

Managing IPMN remains a clinical challenge that requires a
careful balance between the potential for invasive trans-
formation during surveillance [23] and the risk for complica-
tions of preventive surgery [24]. Despite advances in imaging
and updates of guidelines, pre-operative assessment still is
imprecise and may lead to premature surgery.

This multinational retrospective study of a Western cohort
demonstrated that short-term and landmark adjusted long-term
survival after preventive resections for IPMN (without preoper-
ative signs of cancer) were excellent and comparable between
patients with non-invasive and small invasive lesions. It also
demonstrated a high rate of resections performed without prior
surveillance and more than half revealing LGD on final pathol-
ogy. Although the proportion of resected patients at diagnosis
notably decreased in later years (from 68% to 48% across the study
periods), resected T1c lesions remained low (~3%) and LGD rates
declined only modestly. Consequently, most of the patients with
IPMN who underwent upfront preventive resection thus lacked a
risk assessment based on longitudinal observation. These findings
underscore the need to re-evaluate surgical timing and thresh-
olds, while also emphasizing the importance of involving the
patients in the decision-making process.
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FIGURE1 |

Kaplan Meier overall survival (OS) analysis, short- and long-term (a, b) and sensitivity analyses of high-risk individuals (c, d). (a) One-

year OS in all patients stratified by pathology (n = 1728). Estimated short-term OS rate at 1 year was 97.2% without significant differences in pairwise
comparisons. (b) Ten-year conditional OS with 1-year landmark analysis stratified by pathology (n = 1557). Estimated 5-year OS rate for LGD to
Tla-b and Tlc was 97.1% and 90.9% respectively (p < 0.001). Estimated 10-year OS rate for LGD to Tla-b was 91.4% and for Tlc 57.1%
(p < 0.001). (c) Sensitivity analyses of individuals > 75 years and/or ASA 3-4 undergoing pancreatoduodenectomy demonstrated an estimated
OS-rate at 1-year of 91.5% with no significant differences between groups (p > 0.3). (d) Sensitivity analyses of individuals > 75 years
demonstrated conditional estimated OS-rate (landmark at 1 year) at 5 year of 95.4% for LGD to T1c with no differences within groups, and at 10

year of 87.2%, 92.3% 72.4% and 60% for LGD, HGD, Tla-b and T1lc respectively.

Whether LGD on final pathology should be considered a failure
or rather viewed in the context of preventing cancer-related
death, remains a subject of debate. There is limited knowledge
about which LGD lesions progress to invasive cancer, and which
remain indolent over time. The prevailing strategy, supported by
current guidelines, favors early surgery to prevent progression to
invasive carcinoma [25] but are largely driven by expert
consensus rather than prospective data on natural history [25,
26] and are designed to prioritize high sensitivity in detecting
HGD and early invasive carcinoma, with lesser focus on speci-
ficity [27]. This may result in premature surgeries and exposing
the patients to risks of major short-term morbidity and possibly
even long-term effects [28, 29].

Ideally, surgery should be reserved for highly selected cases,
targeting HGD [11] prior to progression to invasive carcinoma
[25]. While adherence to guidelines and a more restrictive
approach have led to a reduction in the proportion of resected
LGD lesions in later years [30], recent studies still indicate that
many resections may be premature [26, 27, 31-34] and that
many of these lesions could be safely managed through sur-
veillance [10, 35] and additional work-up [34].

In the present study, 1-year mortality and landmark-adjusted 5-
year mortality were comparable at around 3% between non-
invasive and Tla-b lesions. Although parametric regression
further identified T1c stage as the most important independent
predictor of long-term mortality, it constituted less than 3% of the
cohort—similar to 1-year mortality—and demonstrated a 5-year
OS rate of around 90%. Regression also demonstrated similar
outcomes between LGD, HGD and T1a-b-lesions. These findings
align with recent single-center studies of long-term outcomes for
T1-staged invasive carcinomas [10, 36] and a Swedish national
cohort (2010-2019), which reported a non-reached median OS for
T1, including T1c [37]. Notably, the Swedish study also demon-
strated an approximate 10-percentage-point improvement in five-
year OS during 2016-2019 versus earlier periods. Japanese studies
have reported even more favorable outcomes for Tla invasive
IPMN, with 0% 5-year mortality rates [38, 39]; both Japanese
studies analyzed T1b lesions alongside more advanced tumor
stages.

These exceptional outcomes contrast with a recent multi-center
Western cohort study, which reported median OS (rather than
5-year OS rates): 159 months for T1a (n = 69), 129 months for T1b
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TABLE 2 | Parametric Regression of short- and long-term mortality.
1-year model 10-year model
Variables HR (95% CI) p-value HR (95% CI) p-value
Age
< 75 years Ref Ref
> 75 years 2.62 (1.40-4.89) 0.003 1.97 (1.21-3.23) 0.009
ASA
1-2 Ref Ref
3-4 2.95 (1.61-5.40) < 0.001 1.41 (0.89-2.23) 0.144
Procedure
Left pancreatectomy Ref — —
Total pancreatectomy 1.27 (0.32-5.08) 0.737 — —
Pancreatoduodenectomy 5.51 (2.30-13.2) < 0.001 — —
Pathology
LGD — — Ref
HGD — — 0.96 (0.55-1.67) 0.885
T1la invasive — — 1.15 (0.41-3.23) 0.786
T1b invasive — — 3.00 (0.91-9.86) 0.071
Tlc invasive — — 8.12 (4.34-15.2) < 0.001

Note: Gompertz parametric regressions on short- and long-term mortality. The 1-year model included all patients from surgery and assessed perioperative mortality using
age, ASA-class, and surgical procedure as predictors (n = 1,717, 46 events). The 10-year model used a landmark analysis at 12 months to assess long-term mortality using
age, ASA class, and pathologic grade as predictors (n = 1,557, 79 events). CA19-9 > 37 U/mL was tested in the 10-year model but was not significant (p = 0.459) and
excluded from presentation. Hazard ratios (HR) with 95% confidence intervals (CI) shown.

Abbreviations: “—”, variable not included in model; ASA, American Society of Anesthesiologists physical status classification; CI, confidence interval; HGD, high-grade

dysplasia; HR, hazard ratio; LGD, low-grade dysplasia; Ref, reference category.

(n =50) and 78 months for T1c [40]. Spanning 2000 to 2020, this
study cohort may have experienced evolving standards in peri-
operative care, with the later decade possibly characterized by
more refined patient selection, peri-operative management, and
follow-up practices. These factors may have influenced both
short- and long-term outcomes, independent of tumor biology. It
also classified 1 cm lesions as T1b according to the Recommen-
dations of the Verona Consensus Meeting on Pathologic Evalu-
ation and Reporting of IPMN [41] whereas the present study
defined Tlc according to AJCC TNM-classification, 8th edi-
tion [13].

The present study, including 126 T1a-b invasive IPMN-patients,
focused on tumor-related survival outcomes in relation to clinical
presentation among patients considered for preventive resection.
We thus specifically focused on lesions resected without malig-
nant signs (which seems to confer better outcomes than lesions
resected with malignant signs, regardless of final tumor-stage
[10]). One-year landmark analyses were performed to exclude
deaths related to the post-operative period. Overall, adjusting for
year, preventive indication and early mortality may explain
similar survival. These findings indicate a low tumor-related
death in early-stage cancer. In this context, accepting to miss a
very few, small invasive lesions in order to reduce the large
number of resected LGD-lesions may be justifiable, particularly
since three-quarters of patients undergo resection within a year of
lesion detection and that the 5-year incidence rate of pancreatic
malignancy for selected IPMN is just 3.3% [42]. For lesions
without apparent malignant features at discovery, these findings
support safe surveillance until high-risk progression emerges, or

at least a period of monitoring and a proper preoperative work-up
before deciding on surgical intervention.

However, the decision to proceed with complication-prone
surgery to prevent invasive transformation must be carefully
weighed against both patient- and procedure-related risks. Our
study identifies several factors where ongoing surveillance could
be undertaken as the long-term mortality with surgery may be
greater. Age > 75 years was independently associated with
increased short- and long-term mortality. These findings align
with a modeling study suggesting that preventive resection in
low-risk IPMN yields a net survival benefit only up to age 60,
and up to age 75 in high-risk IPMN [25]. The substantial pro-
portion of critically comorbid patients (ASA 3-4, n = 521; one-
third of our cohort) who underwent resection warrants partic-
ular consideration. While this reflects real-world practice pat-
terns, it raises questions about patient selection for major
preventive surgery in those with significant medical burden.

Indeed, comorbidity emerged as an independent risk factor for
short-term mortality in our study. This is further supported by a
retrospective single-center study of 115 patients with IPMN and
high-risk stigmata which found that in the presence of impor-
tant comorbidity, surgical resection was recommended for only
those with a solid component, whereas conservative manage-
ment may be preferable in the absence of such features [43].

Moreover, pancreatoduodenectomy conferred substantially
higher 1-year mortality compared to left pancreatectomy,
consistent with the procedure's greater complexity and impact on

8 of 11

United European Gastroenterology Journal, 2026



complications. This finding emphasizes the importance of
tailoring surgical approach to patient risk profile and disease
location. Thus, high-risk individuals are exposed to important
short-term surgical burden and long-term life expectancy is also
affected (Figure 1). Preventive surgery thus seems unjustified in
older, comorbid persons, especially if pancreatoduodenectomy is
considered.

While current guidelines recommend considering comorbidity
and surgical fitness, they may underemphasize age, comorbidity
and procedure as standalone factors. Incorporating age, ASA-
class and tumor locale more explicitly into surgical decision-
making could help avoid unnecessary resections in older and
comorbid patients [25], particularly when absolute indications
or high-risk features/stigmata are absent.

The principal strength of this study is the large, multinational
Western cohort of preventively resected IPMN (without preop-
erative suspicion of malignancy), one of the largest reported to
date, allowing robust stage-stratified and landmark-adjusted
survival analyses in a real-world setting. The study also has
several limitations. First, variation in practice may have intro-
duced bias. Second, differences in surgical techniques, peri-
operative management and follow-up protocols over the study
periods across centers may have influenced outcomes. Third,
pathological assessment was not centralized, which may have
introduced interobserver variability. Fourth, patients with dis-
ease beyond T1 are not included in the database, which limits
our ability to assess the full spectrum of IPMN progression.
Nonetheless, we find it implausible that a preventively resected
lesion would represent an invasive carcinoma larger than 2 cm.
Fifth, the retrospective nature of the study limits causal infer-
ence and may be subject to incomplete or inconsistent data
capture. Unmeasured confounders, such as endocrine and
exocrine insufficiency, could also have impacted long-term
survival outcomes. Sixth, Surgical morbidity was assessed us-
ing broad Clavien-Dindo categories within 90 days, but detailed
data on specific postoperative complications were lacking and
were not collected in the original registry form. Finally, our
predominantly Western cohort may limit generalizability to
other populations.

This multinational study shows that preventive resection of
IPMN (i.e., without preoperative signs of malignancy) confers
excellent survival, even in early, unexpectedly invasive lesions.
It also revealed many resections performed without prior sur-
veillance yielding LGD. Considering the substantial risks of
pancreatic surgery, surveillance may be the preferable strategy
for many patients. Our findings highlight the need for more
individualized operative criteria and improved preoperative risk
stratification.
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