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Abstract
BACKGROUND 
The rising detection of branch-duct intraductal papillary mucinous neoplasms 
(BD-IPMN) has led to updated surveillance guidelines, yet the true malignant 
transformation rate and the cost-effectiveness of these strategies remain uncertain. 
Current protocols are based on expert opinion rather than validated data, leading 
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to conflicting recommendations and significant healthcare costs. This study addresses the need for an evidence-
based approach to optimize surveillance by identifying robust risk factors and creating a more efficient protocol.

AIM 
To determine the rate of BD-IPMN malignant progression, identify independent risk factors, and develop a 
surveillance protocol optimized for both diagnostic accuracy and cost-efficiency.

METHODS 
This is a multicentric retrospective cohort study using prospectively collected data from four Italian tertiary care 
centers. A total of 333 patients undergoing surveillance for BD-IPMN between January 2017 and August 2023 were 
included. Multivariate Cox regression and segmentation analysis identified predictors and derived novel size 
thresholds for malignancy risk stratification. We then compared the diagnostic accuracy and 3-year surveillance 
costs of a proposed protocol against the Fukuoka 2017 and Kyoto 2024 guidelines.

RESULTS 
Among 333 patients (median follow-up, 4 years), malignant transformation occurred in 11 (3.3%). Independent risk 
factors for malignancy included high risk stigmata (HRS) [hazard ratio (HR) = 4.4, 95% confidence interval (CI): 
1.1-17.8, P = 0.04], the development of ≥ 2 worrisome features (WFs) (HR = 5.8, 95%CI: 1.5-22.4, P = 0.01), and cyst 
size (HR = 2.0, 95%CI: 1.3-3.0, P < 0.001). Two new cut-offs (1.5 cm and 3.0 cm) defined dimensional categories with 
distinct malignant potential (HR = 6.6, 95%CI: 1.7-25.4, P = 0.007, HR = 9.8, 95%CI: 1.1-89.7, P = 0.04). A proposed 
surveillance protocol preserved diagnostic accuracy while reducing 3-year costs by 11% vs Fukuoka and 21.4% vs 
Kyoto (P < 0.001). Scenario analysis confirmed cost-effectiveness.

CONCLUSION 
IPMN degeneration is rare. HRS and at least two WFs may independently predict malignancy. Our surveillance 
protocol based on data-driven size cut-offs (1.5 cm and 3 cm) may enhance cost-effectiveness over current 
guidelines while maintaining diagnostic precision.

Key Words: Pancreatic cyst neoplasms; Intraductal papillary mucinous neoplasm; Risk stratification; Surveillance strategy; 
Cost-effectiveness; Pancreatic cancer; Evidence-based medicine; Health care costs

Core Tip: Malignant degeneration of branch-duct intraductal papillary mucinous neoplasms is rare. Surveillance strategies 
can be optimized for both safety and cost-effectiveness. This study identifies data-driven cyst size thresholds of 1.5 cm and 
3.0 cm and finds that the presence of at least two worrisome features, not just one, is an independent predictor of 
malignancy. A new surveillance protocol based on these findings maintains diagnostic accuracy while reducing 3-year costs 
by up to 21.4% compared to current international guidelines, particularly by safely extending follow-up intervals for the 
majority of patients with small cysts.
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INTRODUCTION
In recent decades, the diagnosis of pancreatic cystic neoplasms has increased significantly, with branch-duct intraductal 
papillary mucinous neoplasms (BD-IPMN) being the most common type[1,2], largely due to improved imaging and 
longevity[3]. While often asymptomatic, their malignant potential raises clinical concern[4]. Several guidelines 
recommend the surveillance of these lesions, including the recent Kyoto guidelines and the earlier Fukuoka guidelines 
from the International Association of Pancreatology (IAP), as well as those issued by the European Study Group on 
Cystic Tumours of the Pancreas and the American Gastroenterological Association (AGA)[5-8]. These guidelines rely on 
expert opinion and lack evidentiary support, particularly regarding follow-up protocols. This results in conflicting 
surveillance recommendations, both in terms of timing and identification of high-risk patients. Consequently, this has an 
inevitable impact on patients, who are recommended to undergo iterative third-level examinations, as well as healthcare 
systems that should support surveillance strategies already deemed not cost-effective by various authors[9,10]. It is, 
therefore, crucial to provide clinicians with data-driven evidence on how to optimize the surveillance management 
strategy of patients with BD-IPMN. This study aimed to evaluate the natural history of BD-IPMN under primary 
surveillance to identify specific risk categories, which could serve as the basis for proposing a new, more cost-effective 
follow-up strategy.

https://www.wjgnet.com/1007-9327/full/v32/i20/114867.htm
https://dx.doi.org/10.3748/wjg.v32.i20.114867
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MATERIALS AND METHODS
Study design
This multicentric retrospective cohort study used prospectively collected data from the PACMANS database (PAncreatic 
Cysts MANagement and Surveillance), a consortium involving four Italian tertiary care centers.

The STROBE guideline was followed[11]. All data were retrospectively evaluated, preserving patients’ anonymity. 
According to the Italian Medicines Agency det. March 20, 2008 on retrospective observational studies using anonymous 
data, approval by an ethics committee was not mandatory, and informed consent was waived. The study complied with 
the Declaration of Helsinki (2024 revision).

Patient selection and data collection
We included patients under surveillance for BD-IPMN from January 2017 to August 2023. To ensure the inclusion of 
patients with a clear indication for clinical surveillance, we excluded those with follow-up < 6 months, baseline high risk 
stigmata (HRS), previous pancreatic ductal adenocarcinoma or previous pancreatic surgery.

We collected demographic, clinical [including age-adjusted Charlson comorbidity index (ACCI)], imaging, endoscopic, 
surgical and surveillance cost data, along with IPMN features [worrisome features (WF) and HRS] as defined by IAP 
guidelines[12].

Definition of clinicopathological and follow-up criteria
Follow-up intervals and indications, while variable depending on physician/patient preferences, were based on the 2017 
Fukuoka guidelines.

Standard imaging included computed tomography (CT), magnetic resonance imaging (MRI), and endoscopic 
ultrasound (EUS). All examinations were performed across four Italian tertiary referral centres with established 
multidisciplinary teams for pancreatic cysts. MRI followed pancreatic-dedicated protocols (T2-weighted sequences, 
magnetic resonance cholangiopancreatography, and contrast-enhanced phases), with only minor institutional variations. 
EUS was conducted by experienced endosonographers routinely involved in pancreatic cyst evaluation. Despite slight 
differences in equipment, all centres adhered to standard diagnostic criteria and surveillance pathways for BD-IPMN.

A pancreatic cystic lesion was classified as BD-IPMN if typical morphology was present with clear communication 
with main pancreatic duct (MPD) branches. According to Fukuoka guidelines, MRI and CT were first-line, EUS was 
indicated after WFs detection to evaluate mural nodules or cyst wall thickening. Cyst size was the longest diameter. For 
multiple lesions, the largest was the index cyst. Mural nodules were hyperdense nodules on CT/MRI with contrast or 
vascular protrusions on EUS. The MPD was considered dilated when ≥ 5 mm; cyst wall thickening when ≥ 2 mm.

Surveillance time was calculated from baseline to last follow-up, surgery, or death. Malignancy was predefined as 
high-grade dysplasia (HGD) or invasive carcinoma (IC), confirmed histologically [surgery or EUS-fine-needle aspiration/
biopsy (FNA/FNB)], or by metastasis without another primary tumor. Malignancy-free survival was time from baseline 
to HGD/IC/censoring. IPMN size-increase was defined as ≥ 3 mm growth. Surgical indications followed IAP guidelines, 
tailored by institutional experience and patient preference.

Study endpoints
The primary endpoint was the pancreatic malignancy rate and associated risk factors, particularly WF and HRS.

Secondary endpoints included operatively identifying IPMN size thresholds to better stratify surveillance strategies. 
Based on these findings, we aimed to develop an optimized surveillance strategy and perform a simulation of per-patient 
surveillance costs. Cost-effectiveness of the proposed strategy (based on regional fee schedules for healthcare services) 
was compared with Fukuoka 2017 and Kyoto 2024 guidelines.

Statistical analysis
Analyses were performed using R (v4.3.2). Normality was assessed using the Kolmogorov-Smirnov test. Continuous 
variables are presented as mean ± SD or median (interquartile range). Univariate and multivariate Cox regression 
identified predictors of HGD/IC, using Wald-test for non-binary categorical variables. Segmentation analysis derived 
new dimensional thresholds for risk stratification. It was conducted using segmented logistic regression to identify 
potential breakpoints in the association between cyst size and malignant transformation. The breakpoint was selected 
based on model-fit criteria, and subsequently corroborated through Kaplan-Meier analysis. Kaplan-Meier curves 
estimated malignancy-free survival; group differences used the log-rank test. A P value < 0.05 was significant. A post-hoc 
power analysis (Schoenfeld’s approximation) estimated the minimum detectable hazard ratio (HR) at 80% power (α = 
0.05) for predictors with varying prevalence. Post-hoc power analysis (Schoenfeld’s approximation) estimated the 
minimum detectable HR at 80% power (α = 0.05) for predictors by prevalence. Threshold accuracy for malignancy risk 
was evaluated with receiver operating characteristic (ROC) analysis. Threshold stability was assessed via 70/30 split 
validation and bootstrap resampling to derive sensitivity/specificity confidence intervals (CIs).

Economic analysis
Based on the size thresholds identified in our cohort, we defined a proposed surveillance protocol specifying follow-up 
intervals by cyst size and risk features. We then calculated and compared the per-patient 3-year follow-up costs of our 
proposed strategy against the Fukuoka 2017 and Kyoto 2024 guidelines, using regional tariffs for imaging modalities. 
Cost differences between the three strategies were assessed using the Kruskal-Wallis test with post-hoc Bonferroni 
correction. A scenario analysis estimated the incremental cost-effectiveness ratio, expressed as the additional cost per 
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extra malignant case detected, under varying willingness-to-pay (WTP) thresholds. Sensitivity analyses identified break-
even points for cost-equivalence between the strategies.

RESULTS
Study population
Of 367 patients screened, 34 were excluded (< 6 months follow-up, HRS/unfit for surgery, or main duct/mixed type-
IPMN). The final population included was 333 patients (Supplementary Figure 1).

Median age was 67 (58-75) years, 57.1% were female, and median follow-up period was 4 (2-6) years. Median lesion 
diameter at enrollment was 1.2 cm (0.8-1.9), increasing to 1.4 cm (0.9-2.2) at the end of follow-up. Most IPMNs were ≤ 
1.5 cm (216, 64.8%), located in the pancreatic head (52%) or body (35.7%). Baseline characteristics are in Table 1. Patients 
underwent a median of 4 (3-6) imaging assessments, primarily MRI (mean 3.2/patient), then EUS (1.0) and CT (0.65). EUS 
was performed after WFs appeared.

BD-IPMN evolution and malignant degeneration
Malignant degeneration occurred in 11 patients (3.3%). Ten patients (3%) underwent surgery. Seven (70%) had HGD-
IPMN (n = 4, 40%) or IC (n = 3, 30%), while 3 presented low grade dysplasia-IPMN (30%). EUS FNA/FNB detected 
malignancy in 4/7 cases. In 3 patients it failed to detect malignant evolution (57% diagnostic yield). The remaining 
malignant cases were diagnosed clinically from metastases without another identifiable primary tumor, in accordance 
with our predefined definition of malignancy.

At enrollment, 64 patients (19.2%) had ≥ 1 WF, and 15 had two (4.5%). During follow-up, eight (2.4%) developed ≥ 1 
HRS, 139 (41.7%) ≥ 1 WF, and 53 (15.9%) ≥ 2 WFs. All 11 malignant cases had ≥ 1 WF, 8/11 (72.7%) had ≥ 2 WFs, and 4/11 
(36.4%) had HRS.

Malignancy rates were higher in patients with HRS (4/8, 50%) or ≥ 2 WFs (8/53, 15.1%) compared to those with a 
single WF (3/86, 2.4%) (P < 0.001). Among 8 patients with HRS, 6 had ≥ 2 WFs (3/6 malignant) and 2 had 1 WF (1/2 
malignant). Details in Table 2.

Predictors of malignancy, HRS and WFs
HRS, development of ≥ 1 WF, and ≥ 2 WFs demonstrated varying predictive abilities for BD-IPMN malignant 
progression. Their specificity, sensitivity, positive (+LR) and negative likelihood ratio (-LR), positive predictive value and 
negative predictive value in predicting malignancy are in Supplementary Table 1.

Multivariate Cox regression identified three independent predictors of BD-IPMN malignant degeneration: HRS, with a 
4.4-fold increased risk (HR = 4.4, 95%CI: 1.1-17.8, P = 0.04). At least two WFs, with a 5.8-fold increased risk (HR = 5.8, 
95%CI: 1.5-22.4, P = 0.01). Cyst diameter, with a doubling of risk per cm increase (HR = 2.0, 95%CI: 1.3-3.0, P < 0.001).

Forest plots are shown in Figure 1, results of Cox regression and malignancy-free survival curves for HRS and two WFs 
BD-IPMN are in Supplementary Table 2 and Supplementary Figure 2, respectively.

IPMN size and risk of neoplastic progression
The independent predictive role of IPMN size was confirmed by ROC analysis [area under the curve (AUC) = 0.91, 
95%CI: 0.84-0.97]. This curve is presented in Figure 2, reporting sensitivity and specificity for different cyst diameters.

The optimal cutoff for ROC analysis was 3.3 cm (94.6% specificity, 54.5% sensitivity) for predicting degeneration.
In the segmentation analysis, a segmented logistic regression model identified the IPMN size at which the most 

significant change in risk for malignant progression occurs. The analysis identified an estimated breakpoint at 1.5 cm (P = 
0.19), with 100% sensitivity and 53% specificity in predicting degeneration.

The 1.5 cm and 3 cm thresholds (approximated from 3.3 cm) proved complementary. Lesions < 1.5 cm rarely 
progressed (100%, 53% specificity), while those > 3 cm carried a sharply increased risk (73% sensitivity, 88% specificity). 
A 70/30 split validation yielded an AUC of 0.885. Details in Supplementary Table 3.

These thresholds identified two critical inflection points for changes in neoplastic risk, defining three size categories (< 
1.5 cm, 1.5-3 cm, and > 3 cm). Malignancy-free survival analysis confirmed these cutoffs, showing a stepwise increase in 
risk across categories (log-rank trend test, P < 0.001). IPMNs > 3 cm had a 6.6-fold higher risk than those 1.5-3 cm (HR = 
6.6,95%CI: 1.7-25.4, P = 0.007), which had a 9.8-fold higher risk than lesions < 1.5 cm (HR = 9.8, 95%CI: 1.1-89.7, P = 0.04) 
(Figure 3).

Surveillance simulation based on proposed new cutoffs
We conducted a simulation implementing the following recommendations: For IPMNs ≤ 1.5 cm, those provided by IAP 
Fukuoka guidelines for lesions < 1 cm: Initial check at 6 months, then biennial[5]. For IPMNs 1.5-3 cm, those provided by 
IAP Fukuoka guidelines for lesions 1-2 cm: Annual for 2 years, then lengthening intervals[5]. For IPMNs with WF/HRS 
or > 3 cm, those provided by Kyoto IAP guidelines, largely overlapping with the Fukuoka[6]. Figure 4 illustrates the 
recommendations of our proposal for IPMNs without WFs or HRS.

In the simulation, our strategy’s costs were compared to those obtained if patients were managed according to the 
Fukuoka and Kyoto guidelines. Median time to malignant diagnosis was comparable across strategies: Fukuoka 14 (10.5-
38.5) months, our proposal 13 (11-38), Kyoto 13 (11-37) (P = 0.97).
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Table 1 General characteristics of the study population, n (%)

Clinical value n = 333

Sex (female) 190 (57.1)

Age at diagnosis, median (IQR) 67 (58-75)

Total follow-up time, median (IQR) 4 (2-6)

Initial diameter, cm, median (IQR) 1.2 (0.8-1.9)

Final diameter, cm, median (IQR) 1.4 (0.9-2.2)

IPMN size

≤ 1 cm 146 (43.8)

> 1 cm, ≤ 2 cm 121 (36.3)

> 2 cm, ≤ 3 cm 40 (12.0)

> 3 cm 26 (7.9)

IPMN location

Body 119 (35.7)

Head 173 (52.0)

Tail 41 (12.3)

ACCI

0-3, mild 160 (48.0)

4-10, moderate-severe 173 (52.0)

Congestive heart failure 19 (5.7)

Connective tissue disease 2 (0.6)

COPD 21 (6.3)

Dementia 2 (0.6)

Diabetes 56 (16.8)

Leukemia 2 (0.6)

Liver disease 84 (25.2)

Lymphoma 7 (2.1)

Myocardial infarction history 13 (3.9)

Severe chronic kidney disease 12 (3.6)

Solid tumor history 64 (19.2)

Stroke history 9 (2.7)

IQR: Interquartile range; IPMN: Intraductal papillary mucinous neoplasms; ACCI: Age-adjusted Charlson comorbidity index; COPD: Chronic obstructive 
pulmonary disease.

Follow-up costs over 3 years per patient were lower with our proposal [Euro 587.0 (347.1-930.3)] compared to Fukuoka 
[Euro 670.0 (407.3-1130.3)] and Kyoto [Euro 747.3 (547.2-1026.9)] (P < 0.001). Savings reached 11% vs Fukuoka and 21.4% 
vs Kyoto (P < 0.001), with the largest reductions in ≤ 1.5 cm cysts (24.6% and 40.8%, respectively). For 1.5-3 cm lesions 
savings were 19.4% vs Fukuoka and 9% vs Kyoto (P = 0.16), while for > 3 cm, costs were comparable (P = 0.9). Overall cost 
results in Figure 5, per-patient costs in Supplementary Figure 3. In the scenario analysis, the incremental cost-effect-
iveness ratio of each guideline compared with the proposed strategy was calculated as the difference in cost divided by 
the difference in malignant cases detected. With a WTP of Euro 20000 per additional malignancy detected, the break-even 
point corresponded to a missed detection rate exceeding 0.415% for Fukuoka and 0.802% for Kyoto per patient over 
3 years. Scenario analyses’ results are detailed in Supplementary Table 4.
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Table 2 Intraductal papillary mucinous neoplasms characteristics during surveillance, n (%)

IPMN characteristics during FU n = 333

Malignant degeneration 11 (3.3)

At least one WF at enrollment 64 (19.2)

At least two WFs at enrollment 15 (4.5)

At least one WF at the end of FU 139 (41.7)

At least two WFs at the end of FU 53 (15.9)

HRS during FU 8 (2.4)

Surgery histology

Adenocarcinoma 3 (30)

IPMN HGD 4 (40)

IPMN LGD 3 (30)

EUS histology

Adenocarcinoma 4 (16.0)

IPMN HGD 1 (4.0)

IPMN LGD 14 (56.0)

Not diagnostic 6 (24.0)

Death for other reason during FU 10 (3.0)

IPMN: Intraductal papillary mucinous neoplasms; FU: Follow up; WFs: Worrisome features; HRS: High risk stigmata; EUS: Endoscopic ultrasound; HGD: 
High-grade dysplasia; LGD: Low-grade dysplasia.

Figure 1 Statistically significant predictors of malignant degeneration. IPMN: Intraductal papillary mucinous neoplasms; WFs: Worrisome features; 
HRS: High risk stigmata.

DISCUSSION
Our findings underscore that WFs, HRS, and specific dimensional criteria (1.5 cm and 3 cm), derived from operational 
mathematical analyses are crucial for optimizing BD-IPMN surveillance, ensuring diagnostic accuracy while improving 
cost-effectiveness. While malignant transformation remains rare, its poor prognosis and rising BD-IPMN prevalence 
underscore the need for a unified, data-driven management protocol to address discrepancies across international 
guidelines.

Recent studies report malignant transformation rates of 0.94%-3.3% at 5 years, 2.3%-6.6% at 10 years, and 7.6%-15% at 
15 years[6], correcting earlier overestimates from surgical series[12-14]. Our 3.3% rate at 4 years aligns with the upper 
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Figure 2  Receiver operating characteristic curve, intraductal papillary mucinous neoplasms size accuracy in predicting malignancy.

Figure 3  Kaplan-Meier malignancy-free survival curves stratified by intraductal papillary mucinous neoplasms size.

limits, likely reflecting a higher baseline prevalence of WFs (19%) compared to other studies (12% in a study by Han et al
[15] (5.1% at 6.9 years), 0 WFs in the work by Marchegiani et al[16] (1.7% at 4 years).

The presence of WFs/HRS has been central in guidelines since 2012, when their malignant predictive value was first 
acknowledged[13]. However, the relative risk of each WF and HRS in comparison to others has not been exhaustively 
investigated yet[17]. In our cohort a single WF was not predictive of degeneration, while ≥ 2 WFs or any HRS markedly 
increased risk, a result confirmed by multivariate analysis. Similar evidence comes from Zelga et al[18], showing 
diagnostic accuracy rising with WF number. Remarkably, none of the individual WFs alone had significant predictive 
value for HGD/IC, as confirmed by another recent multicenter study[16]. Likewise, Sharib et al[19] reported 90% 
specificity with three WFs, while two were sufficient to predict HGD/IC, with risk increasing for each additional WF.
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Figure 4 Proposed algorithm for the management of suspected branch-duct intraductal papillary mucinous neoplasms without high risk 
stigmata or worrisome features. IAP: International Association of Pancreatology; WFs: Worrisome features; HRS: High risk stigmata.

Figure 5  Total costs per-3 years of follow up by surveillance strategies.

The dimensional criterion is a critical factor in BD-IPMN surveillance, but current guideline cutoffs are empirical rather 
than analytically derived. These thresholds come from single studies that predefined cut-offs without testing alternatives.

For example, most studies set the lower cut-off at 1 cm, 1.5 cm, or 2 cm, without justification, showing that smaller 
cysts degenerate less often than larger ones. Our study documents that this risk doubles with every additional centimeter 
in cyst diameter (HR = 2.0, 95%CI: 1.3-3.0, P < 0.001).

Segmentation and ROC curve analysis (Figure 2) identified 1.5 cm and 3 cm as key thresholds, defining three risk 
categories with corresponding surveillance recommendations (Figure 4). This strategy matched Fukuoka/Kyoto 
guidelines accuracy but significantly reduced costs (Figure 5), mainly by improving small-cyst monitoring. Importantly, 
the upper 3 cm breakpoint is broadly consistent with the Kyoto and European frameworks, which consider cysts ≥ 30-40 
mm as having increased malignant potential and therefore warranting intensified surveillance and, in selected cases, 
surgical consideration. In contrast, our < 1.5 cm category lies entirely within the Kyoto “low-risk” class (< 2 cm) and 
refines this assumption by identifying a very-low-risk subgroup in whom extending surveillance intervals appears safe. 
Optimizing surveillance for small cysts, which form the majority of cases (64.8% were ≤ 1.5 cm and 80.4% ≤ 2 cm in our 
cohort), is crucial for sustainability. Our 1.5 cm and 3 cm thresholds align with prior evidence. For cysts > 3 cm, the odds 
ratio for degeneration in two retrospective studies was 3.9 (95%CI: 0.42-88.45)[19] and 2.35 (95%CI: 0.96-5.76), respectively
[20,21]. A prospective study reported a 16.4 HR (95%CI: 3-304)[22]. Several studies showed, conversely, that cysts < 
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1.5 cm are the lowest-risk category[23-27]. Notably, our 1.5 cm threshold is strongly supported by a recent meta-analysis 
showing very low progression for cysts < 1.5 cm (relative risk = 0.37)[28]. However, Oyama et al[29] showed that cysts < 
1.5 cm confer a higher risk than the general population over short- and long-term follow-up.

Optimizing surveillance also involves refining follow-up timing for lesions without WF/HRS, where guidelines 
diverge. The Fukuoka guidelines recommend intervals based on size, 6-months initially, then biennial for cysts < 1 cm, 
and progressively shorter intervals for larger cysts[5]. The 2018 European guidelines recommend MRI/EUS every 
6 months in year 1, then annually[7]. The AGA guidelines suggest MRI at 1 then biennially for 5 years if < 3 cm[8]. The 
Kyoto guidelines redefined low-risk (< 2 cm), recommending follow-up at 6 then every 18 months[6]. This was based 
primarily on Han et al[15], who reported cyst doubling times of 1.1-2.2 years for cysts < 2 cm, though this cutoff was 
arbitrary and data for < 1.5 cm were lacking. Johansson et al[30] suggested biennial follow-up for < 1.5 cm. Additionally, 
in a cohort of 1369 patients an average doubling time of 2.5 years for cysts < 1 cm was observed, also supporting biennial 
follow-up[31]. Our study supports initial 6-month follow-up, then biennial, not only for its clinical accuracy comparable 
to previous guidelines, but also for its cost-effectiveness, reducing imaging and clinical visits (3 vs 4 in 5 years) and 
cutting costs by 25% for the majority of patients. We maintained the initial 6-month follow-up, consistent with guidelines, 
as an early checkpoint to detect rapidly progressing lesions, thereby prioritizing patient safety.

Our strategy demonstrated consistent cost savings over 3 years vs Fukuoka (-11%) and Kyoto (-21.4%), especially for 
cysts ≤ 1.5 cm (-25% vs Fukuoka, -40% vs Kyoto). Our economic evaluation expressed value as the cost per additional 
malignant case detected rather than quality-adjusted-life-years (QALYs), as no standardized WTP threshold exists for BD-
IPMN, and because formal QALY-based modeling was beyond the scope of this study. Assuming a WTP Euro 20000 per 
extra malignant case detected, break-even analysis indicated that the proposed strategy would become less economically 
favorable only if it missed > 0.415% of cases compared with Fukuoka or > 0.802% compared with Kyoto over 3 years. 
These margins are substantially greater than the differences observed in our cohort, supporting both the robustness and 
economic resilience of our approach under conservative assumptions. To avoid overinterpretation, we note that these 
results represent a cost-minimization comparison under the assumption of comparable short-term diagnostic 
performance, rather than a full cost-effectiveness analysis.

A critical unresolved issue is when to stop surveillance. AGA advises stopping if cysts remain stable for 5 years. Recent 
proposals combine stability, size, and age, suggesting discontinuation in > 75 years with < 3 cm stable for ≥ 5 years, or > 
65 years with ≤ 1.5 cm stable within the first 5 years[16]. Others argue that risk persists and suggest testing shorter 
surveillance[32], while several studies support lifelong monitoring due to ongoing malignant risk[24,29,33].

The Kyoto guidelines propose discontinuing follow-up for cysts < 2 cm stable for 5 years and/or life expectancy < 
10 years, but consider both “stop” and “continue” approaches acceptable[6,16,34]. This reflects current practice: Only 18% 
of physicians would stop surveillance after 5 years, while most cite insufficient evidence that lifetime follow-up reduces 
mortality[35]. In our study, we did not address this issue due to a median follow-up duration of < 5 years. Nonetheless, in 
our cohort, only 6/333 patients had stable cysts < 2 cm and life expectancy < 10 years (per ACCI) and only 6/80 cases 
with follow-up > 5 years (7.5%). It is therefore plausible that few patients qualify for discontinuation, limiting cost-
reduction effects of this strategy. A recent prospective study, however, proposes a third approach, using MPD size to 
guide extension or cessation of surveillance[36].

Strengths and limitations
Limitations include retrospective design, an uncontrolled surveillance protocol and surgical indications, though generally 
IAP-based. However, prospective standardized long-term studies are hardly feasible given IPMN’s indolent course, 
healthcare variability and sociomedical differences. Our cohort was smaller than some studies but excluded tertiary 
centers prone to selection bias, improving generalizability compared with single-center or referral-based cohorts. Given 
few malignant events, effect estimates require caution, as precision in time-to-event analyses depends mainly on event 
count; a post-hoc power assessment confirmed that only relatively large effect sizes could be detected with adequate 
power. This also explains the wide CIs of some HRs. Nevertheless, our findings were consistently supported by ROC 
analysis, segmentation modelling, and Kaplan-Meier stratification. This limitation affects most BD-IPMN studies; 
however, our event numbers matched prior multicenter series, and key associations aligned with sensitivity analyses and 
existing evidence. For this reason, the multivariable Cox model estimates were used only to support the direction of 
associations already observed in univariable analyses, ROC thresholds, segmentation output and Kaplan-Meier curves. 
Another limitation relates to the cost analysis, which was based on tariffs from the Italian National Health Service. As a 
publicly funded system, Italy has lower imaging costs compared with private or insurance-based healthcare models. 
Therefore, while our absolute cost values may not directly apply to all international settings, the proportional cost 
reductions observed (11% compared with Fukuoka and 21.4% compared with Kyoto over 3 years) are likely general-
izable, as they result mainly from differences in resource utilization rather than local pricing structures. Indeed, in higher-
cost systems, these proportional savings may translate into even greater absolute economic benefit.

Notably, this is the first study proposing a surveillance strategy grounded in clinical data while evaluating its 
economic impact. Further validation is needed, but our data offer insights into BD-IPMN history and support the 
development of evidence-based follow-up strategies.

CONCLUSION
Most BD-IPMNs remain benign, but some progress to malignancy with poor outcomes. Our data support personalized, 
size-based surveillance: After an initial 6-month follow-up, biennial surveillance for cysts ≤ 1.5 cm, annual for 2 years 
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then extended for cysts 1.5-3 cm, and IAP-based protocols for cysts with WFs, HRS, or > 3 cm. This approach appears 
more cost-effective than current guidelines but requires validation in larger, longer-term cohorts.
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