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Abstract
BACKGROUND
Branch duct-intraductal papillary mucinous neoplasms (BD-IPMNs) are the most common pancreatic cystic tumours and have a low risk of malignant transformation. Current guidelines only evaluate cyst diameter as an important risk factor but it is not always easy to measure, especially when comparing different methods. On the other side, cyst volume is a new parameter with low inter-observer variability and is highly reproducible over time.

AIM
To assess both diameter and volume growth rate of BD-IPMNs and evaluate their correlation with the development of malignant characteristics.

METHODS
Computed tomography scans and magnetic resonance imaging exams were retrospectively reviewed. The diameter was measured on three planes, while the volume was calculated by segmentation: the volume of the entire cyst was determined by manually drawing a region of interest along the edge of the neoplasm on each consecutive slice covering the whole lesion; therefore, a three-dimensional volume of interest was finally obtained with the calculated value expressed in cm3. Changes in size over time were measured. The development of worrisome features was evaluated.

RESULTS
We evaluated exams of 98 patients across a 40.5-mo median follow-up time. Ten patients developed worrisome features. Cysts at baseline were significantly larger in patients who developed worrisome features (diameters P = 0.0035, P = 0.00652, P = 0.00424; volume P = 0.00222). Volume growth rate was significantly higher in patients who developed worrisome features (1.12 cm3/year vs 0 cm3/year, P = 0.0001); diameter growth rate was higher as well, but the difference did not always reach statistical significance. Volume but not diameter growth rate in the first year of follow-up was higher in patients who developed worrisome features (0.46 cm3/year vs 0 cm3/year, P = 0.00634).

CONCLUSION
The measurement of baseline volume and its variation over time is a reliable tool for the follow-up of BD-IPMNs. Volume measurement could be a better tool than diameter measurement to predict the development of worrisome features.
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Core Tip: Branch duct-intraductal papillary mucinous neoplasms (BD-IPMNs) are the most common pancreatic cystic tumours. Size is the most important risk factor in patients with BD-IPMNs. A high diameter growth-rate is associated with malignancy as well. In our study, we demonstrated that volume is associated with the development of worrisome features and that a higher volume growth-rate can lead to a higher risk of worrisome features. Moreover, in our cohort, volume growth-rate in the first year of follow-up predicted the development of worrisome features. Based on these data, measuring volume could be a better tool than the diameter to predict early BD-IPMNs malignant transformation.

INTRODUCTION
Pancreatic intraductal papillary mucinous neoplasms (IPMN), in their branch-duct form (BD-IPMN) are the most frequent cystic tumours of the exocrine pancreas and harbour a low risk of malignant transformation[1,2]. For this reason, it is essential to stratify the risk of malignancy in order to plan the most appropriate follow-up for each patient.
The current guidelines suggest an individual risk-based screening with computed tomography (CT) scan, magnetic resonance imaging (MRI) or endoscopic ultrasound (EUS)[3-5]. Cyst diameter growth rate is one of the parameters that is associated with the development of malignant features in patients with BD-IPMN[6,7]. However, only the International Guidelines by Tanaka et al[4] consider the cyst diameter growth rate as a worrisome feature. Recently, a nomogram based on cyst size, pancreatic duct size, presence of mural nodule, serum carbohydrate antigen (CA) 19.9 and carcinoembryonic antigen (CEA) was constructed to predict malignancy in BD-IPMNs[8]. However, none of the current guidelines take into account the volume of the cysts and its evolution over time, although it has recently been shown that this is a highly reproducible parameter with low inter-observer variability[9]. To date, there are no studies investigating the correlation between cyst volume growth rate and the risk of malignant degeneration in patients with BD-IPMN.
In light of the lack of agreement between current guidelines, we believe it would be useful to implement the available evidence regarding the risk factors for malignancy of pancreatic BD-IPMN. Moreover, assessing cyst volume growth rate may enable the identification of patients who would benefit from a close follow-up, distinguishing them from those for whom it would be more useful to delay check-ups over time or even interrupt them for cost-effective reasons.
In this study, we assess the growth rate (both diameter and volume) of low-risk BD-IPMNs and evaluate its correlation with the development of malignant characteristics. Moreover, we aim to evaluate the possible superiority of measuring cyst volume instead of cyst diameters in predicting poor outcomes.

MATERIALS AND METHODS
Study design and patient enrolment
We designed a single-centre, retrospective study at our tertiary referral centre. In accordance with the ethical standards as laid down in the 1964 Declaration of Helsinki and its later amendments, we evaluated data of 148 patients who were referred to our pancreatic disease outpatient clinic (Gastroenterology Unit, Careggi University Hospital, Florence, Italy) for regular IPMN follow-up. We searched in the digital clinical records using a free text entry (“IPMN” or “intraductal papillary mucinous neoplasms” or “pancreatic cyst” and “branch-duct” or “BD”) into a 10-years-period (between July 2011 and July 2021). The study was approved by the local Ethical Committee of Careggi University Hospital on July 13th 2021 (protocol number: 20256_oss).
We included all adult patients with a known BD-IPMN who had at least two contrast-enhanced MRI studies or CT scans at our centre and a 12-mo minimum follow-up time. For patients who had multifocal BD-IPMN, the largest cyst was considered. Exclusion criteria were paediatric age (< 18 years), prior history of pancreatic cancer or surgery, history of acute or chronic pancreatitis, patients with worrisome features or high-risk stigmata (mentioned later) at first imaging study and patients who had their imaging studies in other clinical centres or for whom radiological study images were unavailable.
IPMN were defined as a grape-like cluster of small cysts originating from a branch of the pancreatic duct, a multilocular cyst with finger-like projections or a single, lobulated cyst communicating with the main pancreatic duct (MPD)[6,10]. Mucinous fluid at fine-needle aspiration and cyst fluid cytology consistent with IPMN were additional criteria.
Worrisome features and high-risk stigmata were defined as in the 2017 Fukuoka guidelines (Figure 1). Worrisome features include cyst of ≥ 3 cm, enhancing mural nodule < 5 mm, thickened enhanced cyst walls, MPD size of 5-9 mm, abrupt change in the MPD calibre with distal pancreatic atrophy, lymphadenopathy, an elevated serum level of CA19.9 and a rapid rate of cyst growth > 5 mm/2 years. High-risk stigmata include obstructive jaundice in a patient with a cystic lesion of the pancreatic head, enhanced mural nodule ≥ 5 mm and MPD size ≥ 10 mm[4].
For each patient we collected demographic and clinical data including sex, age at start of follow-up, smoking habits, familial history, diabetes history and follow-up duration (in months). When possible, we collected biochemical data including serum CA19.9 and CEA. Serum CA19.9 was considered high if > 37 IU/L, as reported in a recent update by Ciprani et al[11]. When available, we also collected data regarding EUS examination including cyst dimension (two largest diameters) and (if FNA was performed) cyst fluid CEA, amylases and cytology characteristics.

Radiological protocol
All CT investigations were carried out on a 128-slice CT scanner (Brilliance iCT, Philips Medical Systems, Netherlands). Patients were scanned in the supine position with cranio-caudal breath-hold scans. All patients underwent non-contrast and contrast-enhanced CT scanning with a slice thickness of 2-3 mm. Iodinated contrast medium (iopromide 370 mg I/mL - Ultravist®, Bayer Schering, Berlin) was injected into the antecubital vein at a flow rate of 3-4 mL/s using an automatic injector, immediately followed by a saline flush. The dose of the contrast medium was administered according to the patient’s body weight [mL/kg body weight: 80-100 mL (< 80 kg) or 100-120 mL (> 80 kg)]. Contrast-enhanced CT images were acquired during the arterial (30-35 s), portal venous (80-90 s) and late phase (> 180 s).
All MRI examinations were carried out on a 1.5 Tesla MRI scanner (MAGNETOM Aera, Siemens, Germany). MRI protocol for IPMN included: T2-weighted Turbo Spin Echo (TSE) or Single Shot TSE sequence acquired in axial and coronal planes; T1-weighted gradient echo (GRE) in-phase and out-of-phase sequence acquired in the axial plane; diffusion weighted imaging (DWI) (b value = 0; 100; 500; 800) acquired in the axial plane and ADC map; cholangiographic sequences, that is T2-weighted Single Shot TSE 2D (radial) fat-sat sequences and T2-weighted volume (3D) TSE fat-sat sequences (with maximum intensity projection reconstructions). The dynamic study was obtained during the intravenous administration of gadolinium chelates contrast agents (gadoteridol 279.3 mg/mL - Prohance®, Bracco Diagnostics Inc., Germany; 0.2 mL/kg of body weight) at a rate of 2-3 mL/s followed by saline injection with a triphasic technique: pancreatic (35-45 s), portal venous (80-90 s), and late phase (> 180 s). The dynamic study was performed with T1-weighted volume GRE sequences (3D), with selective fat saturation acquired in the axial plane. The slice thickness necessarily included the entire biliary tree and pancreatic ductal system. Figure 2 and Figure 3 report examples of our patients’ CT and MRI images.
Lesions were measured on both CT and MRI images along the three major diameters (antero-posterior, latero-lateral, cranio-caudal). Volume measurement was obtained by manual segmentation with 3D Slicer software version 4.10.2 (available at https://slicer.org). Manual segmentation is a widely validated and reliable method for volume measurement in both abdominal radiology and in other fields of research[12-15]. The volume of the entire cyst was determined by manually drawing a region of interest along the edge of the neoplasm on each consecutive slice covering the whole lesion. Therefore, a three-dimensional (3D) volume of interest was finally obtained with the calculated value expressed in cm3. More particularly, the tumour contours were individually outlined slice-by-slice by two radiologists (at least 5 years of experience) and then reviewed by a senior radiologist (more than 10 years of experience). Any disagreement between the readers was discussed until a final consensus was generated. An example of segmentation is reported in Figure 4.

Statistical analysis
All statistical analyses were performed using SPSS Statistics version 26.0 (IBM, Armonk, NY, United States). Continuous variables were expressed as medians and interquartile ranges (IQR) while categorical variables were presented as percentages. Descriptive statistics was used to compare the characteristics of patients who developed worrisome features or high-risk stigmata with that of patients who did not: continuous variables were compared using the Mann-Whitney U-test while categorical variables were compared with a Yate’s χ2 test or a Fisher’s exact test (depending on the sample size). A two-sided P value < 0.05 was considered as significant. 

Outcomes
The primary outcomes of our study were to assess the volume growth rate of BD-IPMNs without worrisome features or high-risk stigmata at baseline and to evaluate if a higher volume growth rate correlates with the development of worrisome features or high-risk stigmata. The secondary outcomes were the following: (1) to evaluate the impact of measuring volume dimension vs flat dimension (axial, coronal and longitudinal diameters); (2) to evaluate the impact of measuring volume growth rate vs diameter growth rate; and (3) to test the ability of first-year volume growth rate to predict the development of worrisome features or high-risk stigmata.

RESULTS
Study population
Overall, 148 patients were identified. Five patients had worrisome features or high-risk stigmata at baseline and were excluded from the study. An additional 45 patients were excluded as they had unsatisfactory or incomplete follow-up information. Therefore, a total of 98 patients were included in our study. Baseline and demographic characteristics of the patients and cysts are reported in Table 1. 
After a 40.5-mo median follow-up (IQR 24-72), 10 patients (10.2%) developed worrisome features: 6 patients had cysts larger diameter > 3 cm; 3 patients had increased serum CA19.9 (> 37 IU/L); 1 patient had MPD ≥ 5 mm. No patients developed high-risk stigmata. Baseline cyst dimensions, both diameter and volume, were the only patient baseline characteristics which were significantly associated with the development of worrisome features (Table 2). Two of the patients who developed worrisome features underwent surgical resection. They both had a pancreaticoduodenectomy and their main characteristics are resumed in Table 3.

Cyst dimension and growth rate
Baseline median cyst sizes were 9 mm (IQR 6-15) × 10 mm (IQR 6.75-16) × 10 mm (IQR 6-16). Measurements are intended to be sagittal (antero-posterior) × transversal (latero-lateral) × coronal (cranio-caudal). Baseline cyst volume was 0.54 cm3 (IQR 0.17-1.65). Cysts at baseline were significantly larger in patients who developed worrisome features, as reported in Table 4. Cyst sizes and growth after follow-up are resumed in Tables 5-7. Particularly, at the end of the follow-up, patients who developed worrisome features had a median cyst volume of 10.17 cm3 (IQR 2.72-19.36), with a median growth of 4.01 cm3 (IQR 0.83-13.87). Both volume and cyst volume growth were significantly higher in patients who developed worrisome features (P = 0.0005 and P < 0.00001, respectively). Indeed, in patients who developed worrisome features, cyst volume grew faster than in patients who did not (1.12 cm3/year, IQR 0.28-2.65 vs 0 cm3/year, IQR -0.02-0.17, P = 0.0001). Diameter size also grew more in patients who developed worrisome features but this growth was not always significant across all three measurement planes.

First-year prediction of worrisome features
Seventy-four patients had at least 3 follow-up timepoints, of which at least two were 12 mo apart and another one later in time. In this subgroup of patients, followed for a median time of 56.5 mo (IQR 30-80.25), 10 developed worrisome features. The first-year volume growth rate was higher in patients who developed worrisome features (P = 0.00634). The first-year diameter growth rate was also higher in patients with worrisome features at the end of follow-up but differences with patients who did not end up with worrisome features were not always significant. Data regarding this group of patients are reported in Table 8.

DISCUSSION
Pancreatic cystic neoplasms are often detected incidentally in patients who undergo abdomen CT scans or MRI for various indications[16-18]. IPMNs are the most frequently diagnosed pancreatic cystic neoplasms[1] and they come in several variants: main duct IPMN or type 1 (MD-IPMN), branch duct IPMN or type 2 (BD-IPMN), and mixed type[19]. IPMNs have a malignancy progression cumulative risk of 7%-24% in 10 years and percentages vary on an individual risk basis[2]. In particular, MD-IPMN may reach a malignancy risk of 60%, while in BD-IPMN the risk remains lower than 25% in both surgical and non-surgical series[20-22].
Current guidelines agree on surgically treating MD-IPMN and MT-IPMN and monitoring most BD-IPMN (CT scan, MRI, EUS)[3-5]. BD-IPMN follow-up may vary on the basis of some radiological characteristics of the cysts and on clinical and biochemical parameters. In particular, International Guidelines outlined some “high-risk stigmata” and “worrisome features”[4]. The former guide the physician to a surgical approach, while the latter require a tighter follow-up.
As already mentioned, the baseline characteristic which is considered most important by the scientific community is the dimension of the cyst of larger diameter and only the International Guidelines by Tanaka et al[4] include the cyst diameter growth rate as a worrisome feature. What is more, it is not always easy to identify which is the larger diameter especially when comparing different methods such as CT scan, MRI and EUS. In this study, we tried to find a new parameter that is easy to use and that brings more information about the evolutionary potential of BD-IPMNs: we identified it in the volume of the cysts. Cyst volume is a parameter with high reproducibility and low inter-observer variability[9] and in our opinion may allow the diagnostician to overcome some issues related to the flat measurement of the cyst.
In this study, we assess the diameter and volume growth rate of BD-IPMNs and evaluate its correlation with the development of worrisome features. We reviewed both CT and MRI images: many previous studies confirmed that diagnostic performance of contrast-enhanced CT and MRI is comparable without significant differences[23-25]. We retrospectively analysed the evolution of BD-IPMNs of 98 patients, who were referred to our tertiary referral centre for pancreatic diseases. Worrisome features appeared in 10.8% of patients, while no-one had high-risk stigmata, over a median 40.5-mo follow-up time. These data are in line with the current literature[26,27]. 
In our cohort, patients who developed worrisome features had larger cysts at baseline. In this group, cysts were significantly larger if we considered both diameters (for all diameters, P = 0.0035, P = 0.00652, P = 0.00424, respectively) and volume (P = 0.00222). Patients who developed worrisome features had a median baseline cyst volume of 5.8 cm3 and a final cyst volume of 10.17 cm3. These findings are in line with a previous study in which CT and MRI techniques were used to measure IPMNs volume: a volume > 10 cm3 was associated with malignancy[28]. However, this study did not assess volume changes over time but only a spot volume measurement.
In the group of patients who developed worrisome features, diameter growth rate was significantly higher if we considered latero-lateral and cranio-caudal diameters (1.55 mm/year vs 0.0 mm/year, P = 0.0394, and 1.96 mm/year vs 0.0 mm/year, P = 0.00152, respectively), but not antero-posterior diameters (0.63 mm/year vs 0.0 mm/year, P = 0.14156). In a recent study by Kolb et al[7], 188 patients were followed-up for a median 55-mo period and 12 out of all patients developed worrisome features. They measured cysts diameter on both the axial and coronal plans on X and Y axis and cyst growth rate was higher in patients who developed worrisome features (axial X 2.84 mm/year vs 0.23 mm/year, P < 0.001; axial Y 1.02 mm/year vs 0.02 mm/year, P = 0.033; coronal X 1.21 mm/year vs 0.19 mm/year, P = 0.001, coronal Y 1.56 mm/year vs 0.00 mm/year, P < 0.001). The larger population and the longer median follow-up period may have contributed to improving statistical significance in their work. A similar result was obtained in a previous surgical cohort (4.1 mm/year vs 1.0 mm/year, P = 0.001)[6].
The peculiarity of our work was the measurement of cyst volume over time. In our cohort, total growth and growth rate were significantly higher in patients who developed worrisome features if compared to patients who did not (P < 0.00001 and P = 0.0001, respectively). To our knowledge, this is the first study in which baseline volume and particularly volume total growth and growth rate are correlated with development of worrisome features in patients with BD-IPMN. 
Beyond the raw data of annual growth, we set out to identify a parameter that allows the early prediction of development of worrisome features in the medium-long term: we found out that patients who developed worrisome features had a higher first-year cyst volume growth if compared with patients who did not (0.46 cm3/year vs 0.0 cm3/year, P = 0.00634). These data are notable if we consider that the diameter growth rate was not significantly different between the two groups, except for the cranio-caudal one (P = 0.22628, P = 0.64552, P = 0.00932). To our knowledge, this is a unique result as this is the first study to prove that cyst volume growth in the first year predicts development of worrisome features in patients with BD-IPMN without worrisome features at baseline. This could be an important tool to add to the current knowledge to improve the management of low-risk IPMNs.
In summary, as opposed to diameter growth, the cyst volume growth (total, annual and first-year growth) was consistently greater in patients who developed worrisome features. The diameter growth rate was also significantly correlated in some cases, but not of all diameters at once, and not always of the largest diameter. Therefore, the flat growth rate could be misinterpreted if it is not the largest diameter that grows, or when the cysts have an irregular shape which is hard to measure in a reproducible way. The volume measurement could overcome these issues. In fact, the volume has a unique size instead of diameters that are virtually endless. For these reasons, volume measurement could be more comparable than diameters. Recently, Pandey et al[9] demonstrated that measurement of volume is feasible and reproducible and can be considered as an alternative to diameter measurement. In their work, they used both a manual and a semiautomatic technique of measurement while we used a manual technique. 
This study has some limitations. First, the retrospective design could not allow us to set pre-determined timepoints of imaging follow-up. We solved this problem by assessing growth rate rather than the total growth. Moreover, we could not assess the presence of atypia or dysplasia as histology was not available for our patients unless they underwent surgery. Third, we could not carry out a proper statistical analysis involving the characteristics of the cyst fluid as FNA was not routinely performed in our patients. However, our study was meant to search for characteristics that predict the development of worrisome features so clinical, radiological and biochemical parameters were sufficient for our purposes. Finally, since BD-IPMNs grow very slowly[29,30], a possible criticism could be addressed to the length of our cohort follow-up median time (40.5 mo vs 55 mo in the study by Kolb et al[7]). It must be said that small increases in diameter can result in bigger volume variations so a shorter follow-up is justified. Indeed, the first-year volume growth was superior to diameter growth in predicting the development of worrisome features in our cohort. Anyway, a prospective extension of our study is ongoing to confirm our results.

CONCLUSION
Our study confirms that BD-IPMN higher cyst growth rate is associated with a higher risk of developing worrisome features. Moreover, we proved that cyst volume growth rate is also related to the emergence of worrisome features and that the cyst volume increase in the first year of follow-up is an early predictor of the development of worrisome features. More specifically, our data show that in the first year of follow-up, volume measurement is more accurate than diameter alone for risk stratification. This suggests that measuring cyst volume routinely could be a useful tool to monitor low-risk IPMNs. Further studies, comprehensive of a larger pool of patients and a longer follow-up time are needed to corroborate these data and to understand whether our findings could influence routine clinical practice.

ARTICLE HIGHLIGHTS
Research background
Branch duct-intraductal papillary mucinous neoplasms (BD-IPMNs) are the most common pancreatic cystic tumours. Cyst diameter growth rate is one of the parameters that current guidelines take into account to predict the development of malignant features in patients with BD-IPMN. However, to date, there are no studies investigating the correlation between cyst volume growth rate and the risk of BD-IPMNs malignant degeneration.

Research motivation
The optimal surveillance protocol for BD-IPMNs has not been established as there is lack of agreement on when follow-up should be intensified or interrupted mainly due to the slow growth rate of BD-IPMNs. We propose a more precise tool for the measurement of BD-IPMNs which allows an early prediction of the development of worrisome features.

Research objectives
The primary objective of our research was to assess the volume growth rate of BD-IPMNs without worrisome features or high-risk stigmata at baseline and to evaluate its correlation with the development of worrisome features or high-risk stigmata during follow-up. We also aimed to evaluate the impact of measuring volume vs diameter growth rate and to test the ability of first-year volume growth rate to predict the development of worrisome features or high-risk stigmata.

Research methods
We measured diameter in CT-scans and MRI on three planes, while we calculated the volume by manual segmentation: the volume of the cyst was determined by drawing a region of interest along the edge of the neoplasm on each consecutive slice covering the whole lesion; therefore, a three-dimensional volume of interest was finally obtained with the calculated value expressed in cm3. Changes in size over time and development of worrisome features or high-risk stigmata were measured.

Research results
Ninety-eight patients were evaluated across a 40.5-mo median follow-up time, of which 10 developed worrisome features, while none developed high-risk stigmata. Baseline volume was larger, and volume and first-year volume growth rate were higher in patients who developed worrisome features than in patients who did not. Baseline diameter was larger in patients who developed worrisome features. Diameter growth rate was higher as well but the difference did not always reach statistical significance.

Research conclusions
The measurement of baseline volume and of its variation over time is a reliable tool for the follow-up of BD-IPMNs. Particularly, in the first year of BD-IPMNs follow-up, volume measurement is more accurate than diameter alone for risk stratification.

Research perspectives
We suggest that measuring cyst volume routinely could be a useful tool to monitor low-risk IPMNs. Larger cohorts of patients and a longer follow-up time are needed to corroborate these data and to understand whether our findings could influence routine clinical practice.
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Figure Legends
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Figure 1 Worrisome features and high-risk stigmata.
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Figure 2 Contrast-enhanced computed tomography images (Brilliance iCT, Philips Medical Systems) of intraductal papillary mucinous neoplasms of the pancreatic head in the three planes of space. A: Axial view; B: Coronal view; and C: Sagittal view. The arrows indicate the location of the cyst.
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Figure 3 Non-contrast-enhanced magnetic resonance images of intraductal papillary mucinous neoplasms. A: T2-weighted Turbo Spin Echo (TSE) axial image; B: T2-weighted TSE coronal image; C: T2-weighted TSE fat-sat axial image; and D: T2-weighted TSE volume (3D) TSE fat-sat sequences (with MIP reconstructions). The arrows indicate the location of the cyst.
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Figure 4 Segmentation of intraductal papillary mucinous neoplasms in a portal venous phase contrast-enhanced computed tomography images using the 3D Slicer software. The volume of the entire cyst was determined by manually drawing a region of interest along the edge of the neoplasm on each consecutive slice covering the whole lesion.

Table 1 Baseline and demographic characteristics of patients and cysts
	Characteristics
	n = 98

	Males (%)
	33 (33.7)

	Females (%)
	65 (66.3)

	Median age at diagnosis (IQR)
	69 (63-75)

	Familial history (%)
	9 (9.2)

	History of diabetes (%)
	16 (16.3)

	Diabetes onset during follow-up (%)
	0 (0.0)

	Median follow-up [mo (IQR)]
	40.5 (24-72)

	Former smokers (%)
	14 (14.3)

	Active smokers (%)
	8 (8.1)

	Never smoked (%)
	76 (77.6)

	Multifocal
	57 (58.2)

	Largest cyst localization
	Head (%)
	44 (44.9)

	
	Isthmus/body (%)
	40 (40.8)

	
	Tail (%)
	14 (14.3)

	Median cyst size
	a [mm (IQR)]
	9 (6-15)

	
	b [mm (IQR)]
	10 (6.75-16)

	
	c [mm (IQR)]
	10 (6-16)

	
	Volume [cm3 (IQR)]
	0.54 (0.17-1.65)

	EUS
	19 (19.4)

	Median time to EUS (IQR)
	6 (0-31.5)

	FNA (%)
	9 (47.4)

	Cyst fluid amylases [IU/L (IQR)], n = 5
	289 (69.25-1725.25)

	Cyst fluid CEA [IU/L (IQR)], n = 6
	166 (8.55-24062.75)

	Serum CA19.9 [IU/L (IQR)], n = 25
	25.2 (6.1-58.7)

	Serum CEA [IU/L (IQR)], n = 22
	2.15 (1.27-2.92)


CA19.9: Carbohydrate antigen 19.9; CEA: Carcinoembriogenic antigen; EUS: Endoscopic ultrasound; FNA: Fine needle aspiration; IQR: Interquartile range; IU: International units; a: Sagittal (antero-posterior); b: Transversal (latero-lateral); c: Coronal (cranio-caudal).


Table 2 Baseline and demographic characteristics of patients and cysts: subgroups
	
	Non-worrisome features (n = 88)
	Worrisome features (n = 10)
	P value

	Males (%)
	31 (35.2)
	2 (20.0)
	0.540234

	Females (%)
	57 (64.8)
	8 (80.0)
	0.540234

	Median age at diagnosis (IQR)
	70 (63.5-74.75)
	67 (59.75-76.25)
	0.58232

	Familial history (%)
	8 (9.1)
	1 (10.0)
	0.628786

	History of diabetes (%)
	14 (15.9)
	2 (20.0)
	0.904665

	Diabetes onset during follow-up (%)
	0 (0.0)
	0 (0.0)
	-

	Median follow-up [mo (IQR)]
	37.5 (23.25-71)
	69.5 (46.5-94)
	0.01828

	Former smokers (%)
	11 (12.5)
	3 (30.0)
	0.306885

	Active smokers (%)
	8 (9.1)
	0 (0.0)
	0.738111

	Never smoked (%)
	69 (78.4)
	7 (70.0)
	0.83833

	Multifocal
	52 (59.1)
	5 (50.0)
	0.830551

	Largest cyst localization
	Head (%)
	39 (44.3)
	5 (50.0)
	0.994538

	
	Isthmus/body (%)
	35 (39.8)
	5 (50.0)
	0.776364

	
	Tail (%)
	14 (15.9)
	0 (0.0)
	0.746616

	Median cyst size
	a [mm (IQR)]
	9 (6-13)
	19 (11.25-21.25)
	0.0035

	
	b [mm (IQR)]
	10 (6-15)
	18 (10.75-20.75)
	0.00652

	
	c [mm (IQR)]
	9.5 (6-15)
	22.5 (12-27.65)
	0.00424

	EUS
	14 (15.9)
	5 (50.0)
	0.030618

	Median time to EUS (IQR)
	3 (0-18.25)
	29 (5.5-69.5)
	0.22628

	Serum CA19.9 [IU/L (IQR)], n = 25
	6.2 (5.6-24.2)
	23.8 (6.2-37.9)
	0.1556

	Serum CEA [IU/L (IQR)], n = 22
	2.15 (1.28-2.93)
	2.15 (1.55-2.75)
	0.93624


IQR: Interquartile range; a: Sagittal (antero-posterior); b: Transversal (latero-lateral); c: Coronal (cranio-caudal).

Table 3 Patients who underwent surgery
	
	Sex, age
	Final cyst volume (cm3)
	Growth rate (cm3/yr)
	MPD (mm)
	Location
	CA19.9 (IU/L)
	Time to surgery (mo)
	Histopathology

	Patient A
	F, 68
	28.73
	33.91
	< 5
	Isthmus
	33.2
	85
	LGD

	Patient B
	F, 74
	14.70
	24.27
	< 5
	Head
	22.5
	65
	LGD


CA19.9: Carbohydrate antigen 19.9; F: Female; LGD: Low-grade dysplasia; MPD: Main pancreatic duct.

Table 4 Baseline cysts size
	
	All (n = 98)
	Non-worrisome features (n = 88)
	Worrisome features (n = 10)
	P value

	a [mm (IQR)]
	9 (6-15)
	9 (6-13)
	19 (11.25-21.25)
	0.0035

	b [mm (IQR)]
	10 (6.75-16)
	10 (6-15)
	18 (10.75-20.75)
	0.00652

	c [mm (IQR)]
	10 (6-16)
	9.5 (6-15)
	22.5 (12-27.65)
	0.00424

	volume [cm3 (IQR)]
	0.54 (0.17-1.65)
	0.45 (0.15-1.28)
	5.28 (1.10-6.30)
	0.00222


IQR: Interquartile range; a: Sagittal (antero-posterior); b: Transversal (latero-lateral); c: Coronal (cranio-caudal).

Table 5 Final cysts size
	
	All (n = 98)
	Non-worrisome features (n = 88)
	Worrisome features (n = 10)
	P value

	a [mm (IQR)]
	9 (6-16)
	9 (6-13.75)
	23 (13.5-27.5)
	0.00288

	b [mm (IQR)]
	12 (7-18)
	11 (7-16.75)
	28 (19.25-37.5)
	0.00054

	c [mm (IQR)]
	11 (7-18)
	10.5 (6.25-16)
	29 (15.75-38.75)
	0.0003

	volume [cm3 (IQR)]
	0.58 (1.76-2.02)
	0.52 (0.17-1.63)
	10.17 (2.72-19.36)
	0.0005


IQR: Interquartile range; a: Sagittal (antero-posterior); b: Transversal (latero-lateral); c: Coronal (cranio-caudal).

Table 6 Total cysts growth
	
	All (n = 98)
	Non-worrisome features (n = 88)
	Worrisome features (n = 10)
	P value

	a [mm (IQR)]
	0 (-0.25-2)
	0 (-0.75-1.75)
	2 (-0.5-8.75)
	0.0601

	b [mm (IQR)]
	0 (0-3)
	0 (0-2)
	10 (-0.25-14.25)
	0.01016

	c [mm (IQR)]
	0 (0-3)
	0 (-1-2)
	5 (3.25-14)
	0.00008

	Volume [cm3 (IQR)]
	0.02 (-0.01-0.70)
	0 (-0.03-0.24)
	4.01 (0.83-13.87)
	< 0.00001

	Volume increased (%)
	28 (28.6)
	18 (20.4)
	10 (100.0)
	< 0.00001

	Volume unchanged or reduced (%)
	70 (71.4)
	70 (79.6)
	0 (0.0)
	< 0.00001


IQR: Interquartile range; a: Sagittal (antero-posterior); b: Transversal (latero-lateral); c: Coronal (cranio-caudal).

Table 7 Yearly cysts growth rate
	
	All (n = 98)
	Non-worrisome features (n = 88)
	Worrisome features (n = 10)
	P value

	a [mm/yr (IQR)]
	0 (-0.04-0.73)
	0 (-0.11-0.6)
	0.63 (-0.11-1.275)
	0.14156

	b [mm/yr (IQR)]
	0 (0-1.33)
	0 (0-1.09)
	1.55 (-0.53-3.52)
	0.0394

	c [mm/yr (IQR)]
	0 (0-0.99)
	0 (-0.29-0.71)
	1.96 (0.64-2.47)
	0.00152

	Volume [cm3/yr (IQR)]
	0 (-0.01-0.27)
	0 (-0.02-0.17)
	1.12 (0.28-2.65)
	0.0001


a: Sagittal (antero-posterior); b: Transversal (latero-lateral); c: Coronal (cranio-caudal). IQR: Interquartile range.

Table 8 First-year cysts growth and development of worrisome features
	
	All (n = 74)
	Non-worrisome features (n = 64)
	Worrisome features (n = 10)
	P value

	a [mm (IQR)]
	0 (0-0.56)
	0 (0-0.5)
	0.47 (-0.11-1.1)
	0.22628

	b [mm (IQR)]
	0 (0-1.13)
	0 (0-0.14)
	0.4 (-1.12-2.81)
	0.64552

	c [mm (IQR)]
	0 (0-0.94)
	0 (0-0.74)
	1.4 (0-2.47)
	0.00932

	Volume [cm3 (IQR)]
	0 (-0.02-0.18)
	0 (-0.04-0.08)
	0.46 (0-1.62)
	0.00634

	Volume increased (%)
	35 (47.3)
	28 (43.7)
	7 (70.0)
	0.227942

	Volume unchanged or reduced (%)
	39 (52.7)
	36 (56.3) 
	3 (30.0)
	0.227942


a: Sagittal (antero-posterior); b: Transversal (latero-lateral); c: Coronal (cranio-caudal). IQR: Interquartile range.
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