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Abstract

Background: No data exist about financial toxicity (FT) for branch duct intraductal papillary mucinous
neoplasms (BD-IPMNs).

Methods: This prospective study analyzed patients with BD-IPMNs from 2023 to 2024. Demographics,
clinical data of interest, and radiological and endoscopic information were recorded for each patient. The
“Comprehensive Score for Financial Toxicity” (COST) patient-reported outcome measure was used to
assess financial toxicity (FT). Lower COST values indicate greater FT. A multilevel, multivariate mixed-
effects model was employed.

Results: One hundred sixteen patients were interviewed during routine outpatient follow-up visits. Eighty
patients agreed to complete the survey (68.9 %). The COST score was 18 (15-21, IQR), showing a fairly
normal distribution (Shapiro—Wilk p = 0.054). The older the age at diagnosis, the greater the perception of
FT (o < 0.001). As educational status increased, the FT burden also increased (-1.4 + 0.6; p = 0.047).
Private/self-employed patients (-3.7 + 1.3; p = 0.004) and unemployed patients (-2.3 + 1.0; p = 0.016)
reported a higher perception of FT compared to pensioners or publicly employed individuals. WFs increase
FT (-1.9 £ 0.8; p = 0.014). The longer the follow-up duration, the greater the FT (-0.3 + 0.1; p = 0.043).
Conclusion: FT can be seen in the BD-IPMN population. The patient’s perspective must be taken into

account during follow-up.
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Introduction

In recent years, several studies have clarified that the branch-duct
intraductal papillary mucinous neoplasms (BD-IPMN) present a
low risk of progression.'* Nonetheless, due to the small number
of low-risk BD-IPMNs that change during the follow-up,” In-
ternational and European guidelines® ® recommended multiple
and repeated radiological exams to intercept the signs of changes
early. However, the follow-up schedules are very tight as interval
time, requiring at least one magnetic resonance (MRI) every
eighteen months in the most optimistic scenario. Indeed, with

>10 tried to evaluate the

controversial results, several studies
economic sustainability of BD-IPMN active surveillance from

the healthcare system’s point of view. Nowadays, surveillance
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seems to be not worldwide sustainable, requiring high costs for a
minimal gain in lifespan for the patients.''

From the patient’s point of view, the impact of active sur-
veillance was less studied. The PACYFIC study'” recently showed
that surveillance could produce both negative and positive ef-
fects: the follow-up reduced the concerns of developing
pancreatic cancer in most patients, but one-third of them
considered the surveillance burdensome and the reason for
anxiety. However, no studies have clarified the impact of inten-
sive surveillance on the economic status of the patients.

Financial toxicity (FT) describes the financial burden and
distress that can arise for patients due to chronic disease treat-
ment or follow-up.'” FT has been described for cancer patients in
the user-pays healthcare systems and could produce delays in
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medical visits or doses of medications.
crease the “out-of-pocket” related expenses, which are not
covered by insurance or the healthcare system and involve a
patient’s outlay of money.'* Finally, FT may be related to wors-

1516 BT can also

ening health disparities among cancer survivors.
be observed in a universal health system'” and for patients with
non-neoplastic chronic disease.'”® The intensive surveillance
recommended for BD-IPMN patients and the high costs of MRI
could produce FT similar to cancer or chronic disease. However,
this point has never been investigated.

The present study aims to evaluate if intensive follow-up ac-
cording to current guidelines® ® leads to FT in patients with BD-
IPMN.

Methods

Patients and eligibility criteria

This study was approved by the local review board with the
following code PANBO 064/2017/U/Oss and followed the
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) Statement. The survey followed the
Consensus-Based Checklist for Reporting of Survey Studies
(CROSS) guidelines.]9 An
before each patient’s interview. In this pilot study, patients with
BD-IPMNs receiving visits for follow-up as outpatients at a

informed consentwas obtained

tertiary academic IRCCS “Azienda Ospedaliero-Universitaria”
of Bologna were invited to participate between May 2023 and
May 2024. We included only patients with a suspected BD-
IPMN diagnosed with MRI or EUS. The exclusion criteria
were: (i) a follow-up inferior to 12 months from diagnosis; (ii)
previous pancreatic resection; (iii) cysts highly suspicious for an
alternative diagnosis; (iv) presence of high-risk stigmata; (v)
indication for surgery; (vi) absence of relevant data for the
study.

Data collection, definitions, and end point

At the time of the visit, for each patient, demographics (age and
gender) and clinical data of interest (jaundice, acute pancreatitis,
new onset, or worsening diabetes) were registered. Radiological
and endoscopic characteristics of the cyst, including location,
cyst size, and worrisome features (WFs), were also obtained.
When multiple cists were present, the larger size was considered
for the analysis. Duration of surveillance was defined as the in-
terval from diagnosis to the date of the last follow-up. Surveil-
lance was performed in line with IAP guidelines.”*’ A dedicated
questionnaire was administered to the patients during the annual
visit to measure the FT. The Italian version of the “COmpre-
hensive Score for Financial Toxicity” (COST)*! patient-reported
outcome measure was used. This questionnaire, usually used for
patients with cancer, was recently validated for chronic diseases,
such as diabetes.'® We used the recent version (2.0) online,*?
reported in supplementary materials. The questionnaire
contained twelve questions. Each question can obtain a score
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from 0 to 4, for a total score ranging from 0 to 48: the lower the
COST scores, the higher the FT.

Also, the quality of life was evaluated using the Centers for
Disease Control’s (CDC) Health-Related Quality of Life Scale
(HRQOL-14) questionnaire. The questionnaire contained three
modules: (i) the Healthy Days Core module (4 questions),
indicating general health; (ii) the Activity Limitations module (5
questions), indicating the limitations in daily life; (iii) the
Healthy Days Symptoms module, (5 questions), indicating the
weight of symptoms in daily life. The original questionnaire
divided the results into excellent, very good, good, fair, and poor.
For analytical purposes, we divided the results of patients with
poor general and non-poor general health.

The survey took about 10 min, and patients could complete
the survey only once. Two coders (VDA and CG) entered survey
responses into a study database, and 20 consecutive surveys were
double-coded to assess internal validity. We consider the patients
at risk for FT when COST is inferior to 26 points.*

Statistical analysis

The analysis was completed on a de-identified dataset. The
characteristics of patients were described as numbers and per-
centages or as medians, means, interquartile ranges (IQR), ranges,
or standard deviation (SD). The distribution of COST and
HRQOL-14 scores was evaluated for normality using the
Shapiro—Wilk test. Correlations between patients’ characteristics
and COST scores were analyzed using a multilevel multivariate
mixed-effects model to adjust for non-representative sampling.
This model is also known as a multilevel or hierarchical linear
model. The overall error distribution of the linear mixed-effects
model is assumed to be Gaussian, and heteroskedasticity and
correlations within the lowest-level groups also may be modeled.
The effect of covariates was measured, and the coefficient and SE
were reported. LASSO preselection of covariates was used to avoid
overfitting. To explore the potential variability of financial toxicity
(FT) across different healthcare settings, we conducted a Monte
Carlo simulation assuming plausible variations in the COST score
based on prior literature. For the “universal” system (e.g., Italy),
we used the observed mean and standard deviation of COST. For
“user-pays” systems (e.g., USA), we assumed a mean of 18 (+6),
reflecting previously published findings in insured cancer pa-
tients.'® The simulation modeled the distribution of FT under
these assumptions to test the robustness and transferability of our
findings. We computed Cohen’s d effect sizes to quantify
healthcare model differences. According to standard interpreta-
tion of Cohen’s d, a value between 0 and 0.2 indicates a small effect
(corresponding to <15 % non-overlapping population between
groups); values between >0.2 and 0.5 indicate a medium effect
(<33 % non-overlap); values between >0.5 and 0.8 correspond to
alarge effect (<50 % non-overlap); and values above 0.8 suggest a
very large effect, with >50 % of the distributions not overlapping.
To further explore the impact of individual predictors on financial
toxicity, we performed a threshold analysis based on Monte Carlo
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simulation. Using the effect sizes derived from our multivariable
regression model, we simulated adjusted COST score distribu-
tions for each significant covariate. The proportion of patients
falling below the observed median COST value (COST < 18) was
computed for both a universal and a user-pays healthcare system
scenario. This allowed for a comparative assessment of financial
vulnerability across systems and risk profiles.

All statistical analysis was performed using STATA (Statistical
software for data science, release 18, Stata Corp, College Station,
TX), and R-project (R version 4.2.2; R Foundation for Statistical
Computing, Vienna, Austria. A P value < 0.05 was considered
statistically significant. The simulation was performed using
Python 3.10 with numpy for data generation, scipy.stats for effect
size calculation (Cohen’s d), and matplotlib for visualization.

Results

STROBE and CROSS checklists were reported as supplemen-
tary materials. Fig. 1 summarizes the flowchart selection of
patients. One hundred and sixteen patients were told about this
study during routine outpatient follow-up visits, and 80
(68.9 %) individuals agreed to participate and complete the
survey. Two authors (VD and CG) coded the responses with a
high “inter-coder” agreement (overall agreement of 98.8 %).
Doubts were resolved by discussing them with the senior au-
thors (RC).

Patients referred to our hospital for
pancreatic cysts
(N=146)

Characteristics of patients

Table 1 summarizes the characteristics of 80 patients who
accepted to participate in the survey. The median age at the
diagnosis was 60 (53—66, IQR) years, with the prevalence of
female gender (63.8 %). Most patients (68.7 %) presented a high
educational status (graduate or bachelor’s degree). At the time of
the interview, most patients were pensioners (62.5 %), public
employed (20 %), or private/self-employed (10 %). Only a mi-
nority (7.5 %) declared to be unemployed. Only 30 % of in-
terviewees declared to have one or more dependent children. As
expected in a public health care system, the minority of patients
(5 %) have medical insurance. The general condition of patients
was quite good, with a median Comorbidity Charlson Index
(CCI) of 2 (1-2). Only 12.5 % of patients were symptomatic.
The median size of larger cysts was 10 mm (7.5—10.5). The cysts
were nearly equally located in the head (33.8 %), body (40 %), or
tail (26.2 %). Multifocal lesions were observed in 38.7 % of
patients. WFs were present at the diagnosis only in 23.7 % of
patients; 18 (22.5 %) patients had only one WE while 1 (1.3 %)
presented two WFs. Ten patients presented cysts larger than
30 mm in size, four thickened septa, and one thickened septa and
main duct between 5 and 9 mm. The median follow-up was 66
months (46—100, IQR). Most patients were followed with an
MRI or CT scan (81.3 %), while 18.7 % had US. Most patients
had a follow-up every 12 months (82.5 %), while 17.5 % had a
follow-up every 6 months. Only 18.7 % of patients developed

Excluded because the cyst was
different from BD-IPMN

Suspected BD-IPMN
(N=145)

A 4

(N=13)

Excluded because the follow-up
was inferior to 12 months or

A 4

\4

Suspected BD-IPMN with MRI/EUS
(N=116)

Patients available for the analysis
(N=80)

without MRI/EUS (N=17)

Excluded because refused the
questionnaire (N=36)

Figure 1 Flowchart selection. Legend: BD-IPMN = branch duct intraductal papillary mucinous neoplasms
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significant changes during follow-up, requiring EUS + FNB or
follow-up modification. At the end of the follow-up, 41.2 % of
patients had at least one WF, and the patients with two WFs were
two (2.5 %). None of the patients required surgery or developed
pancreatic adenocarcinoma (PDAC).

Survey

Table 2 shows the results of the survey. The patients who re-
ported poor general health (GH) were 72.5 %. The median
mental unhealthy days were 10 (0-22.5, IQR); the median
physical unhealthy days were 15.5 (0-30, IQR); and the median
overall unhealthy days were 24.5 (0—30). HRQOL-14 scores have
a normal distribution (Shapiro—Wilk p > 0.05). The median
COST score was 18 (15-21, IQR), having a quite normal dis-
tribution (Shapiro—Wilk p = 0.054).

Table 3 and Fig. 2 show the factors related to COST. LASSO
preselection identified the following variables as informative: age,
gender, educational status, employment, symptoms, size of larger
cysts, WFs, the diagnosis, years in follow-up, type of examina-
tion, and QoL. Based on the LASSO analysis, the presence of
dependent children, medical insurance, site, multifocal, number
of WFs, changes during the follow-up, and WF at the end of
follow-up were irrelevant to the analysis. Older age at diagnosis
was associated with lower COST scores (p < 0.001), with a
decrease of 3 points for each decade. Increasing the educational
status, the COST score decreased (—1.4 + 0.6; p = 0.047). Private/
self-employed (3.7 + 1.3; p = 0.004) and unemployed
(=2.3 + 1.0; p = 0.016) patients had lower COST score when
compared with pensioners or publicly employed people. WFs at
the diagnosis reduced the COST score (—1.9 = 0.8; p = 0.014).
The higher the follow-up duration, the lower the COST score
(=0.3 £ 0.1; p = 0.043). Age, gender, symptoms, size of larger
cysts, type of examination, and follow-up schedule did not
significantly influence the COST scores. The multivariable model
also showed that poor quality of life was not significantly asso-
ciated with FT (effect 1.1 = 0.8, p = 0.182) and did not meet
criteria for retention in the final multivariable model.

Montecarlo simulation

Fig. 3 reports the Monte Carlo simulation of 20,000 in-silico
patients (10,000 per healthcare system) comparing a universal
and a user-pays model. While both scenarios showed the same
mean COST score of 18, the distribution was noticeably wider in
the user-pays system (SD 6 vs. SD 4), indicating greater vari-
ability in perceived financial toxicity. The threshold analysis with
95 % confidence intervals (Fig. 4) showed that the proportion of
patients with COST scores below the observed median (COST
<18) was similar in the universal healthcare system compared to
the user-pays system across all covariates. Threshold analysis
identified three conditions associated with a difference in the
proportion of patients with COST <18 between the universal and
user-pays systems, with a Cohen’s d greater than 0.200 (non-
small difference). These were: age +20 years from baseline
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(d = 0.26; 87.2 % universal vs. 78.1 % user-pays), age +30 years
(d=10.30; 94.1 % vs. 85.2 %), and self-employed status (d = 0.25;
83.3 % vs. 73.0 %). In all cases, the proportion of patients falling
below the threshold was higher in the universal system.

Discussion

The results of the present pilot study demonstrated that FT could
be experienced by patients with BD-IPMN who underwent
intensive surveillance (every 6 or 12 months). FT has recently been
described in the US as an undervalued and extended problem
involving more than 137 million patients annually.”* FT represents
the negative impact of the high cancer treatment and follow-up
costs.'”” FT could significantly reduce follow-up and therapy
compliance. FT also could increase anxiety, depression, and stress,
reducing spending on food, clothing, or social activity.'” Inter-
estingly, FT is not limited to oncological disease but could be
observed in multiple chronic conditions.'®*’ According to the
National Cancer Institute (NHI) definition,”® the BD-IPMN can
be assimilated to a chronic disease: (i) it is a disease that usually
lasts for 3 months or longer and may get worse over time; (ii) it
occurs in older adults; (iii) it requires period control but rarely
could be cured. Moreover, BD-IPMN requires an extensive follow-
up,” ¥ even if the risk of malignant occurrence is very low.””**
The present cohort accurately represented the typical low-risk
BD-IPMN population for several reasons: (i) the extended
follow-up period, lasting more than 5 years; (ii) the high cost of
radiological exams, as patients were monitored primarily with
MRI or CT scans; (iii) the low cancer risk. Indeed, only 18.7 % of
patients exhibited significant changes during follow-up, and
none developed pancreatic adenocarcinoma (PDAC). This
observation is particularly noteworthy because it arises from a
universal healthcare system in which most individuals analyzed
did not have private insurance. In the Italian system, the regional
healthcare system primarily covered MRI or EUS costs, with a
minor contribution from patients based on their salary range.
The IAP guidelines recommend extensive follow-up with MRI
every 6—18 months, irrespective of the type of healthcare system.
However, the accessibility of MRIs poses a challenge in universal
healthcare systems, as patients with BD-IPMN compete for MRI
scans with those suffering from aggressive cancers or severe
cardiovascular diseases. For instance, in the Canadian healthcare
system, the number of MRIs performed at private facilities has
risen in recent years, with payment through private insurance or
out-of-pocket expenses being the primary funding source for
MRI scans in private settings. The current study demonstrated,
for the first time in our knowledge, that an intensive follow-up
for BD-IPMN could produce adverse financial effects from the
healthcare system’s and the patient’s point of view. The median
COST score observed in the present population was 18, and the
financial burden was unexpectedly relevant and very similar to
those observed in the user-pays healthcare system.””’~' In
other words, despite a well-developed social welfare system
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Table 1 Characteristics of 80 patients with BD-IPMN

Characteristics

Age at diagnosis (years)

N(%) or median (IQR)
60 (53-66)

Gender

Male 29 (36.2)
Female 51 (63.8
Education status

Primary/Middle School 25(31.3
High School/University 55 (68.7
Employment status

Pensioner 50 (62.5)
Public employed 16 (20)
Private or self employed 8 (10)
Unemployed 7 (7.5)
Dependent children

No 56 (70)
Yes 24 (30)
Medical insurance

No 76 (95)
Yes 4 (5)
ccl 2(1-2)
Symptoms

No 70 (87.5)
Yes 10 (12.5)
Size of largest lesion 10 (7.5-10.5)
Site

Head 27 (33.8)
Body 32 (40)
Tail 21 (26.2)
Muiltifocal

No 49 (61.3
Yes 31 (38.7)
WF at diagnosis

No 61 (76.2
Yes 19 (23.7,
Number of WF at diagnosis

0 61 (76.2)
1 18 (22.5)
2 103
Follow-up (years) 66 (46—-100)
Imaging for follow-up

MRI or CT 65 (81.3
us 15 (18.7,
Interval time

<12 months 66 (82.5)
>=12 months 14 (17.5)

(continued on next column)

Table 1 (continued)
Characteristics N(%) or median (IQR)

Changing in follow-up

No 65 (81.3)
Yes 15 (18.7)
WF at enrollemnt

No 47 (58.8)
Yes 33 (41.2)

Legend: IQR=Interquartile range; CCl= Charlson Comorbidity Index;
WF= Worrisome features; MRI = Magnetic resonance; CT=Computed
tomography; EUS = Endoscopic Ultrasound; US= Ultrasonography.

Table 2 Financial Toxicity and quality of life in patients with BD-
IPMN

Parameters Median (IQR) Shapiro-Wilk
or N(%) (p-value)

HRQOL-14 scores

Patients with poor GH 725 % -*

Mental unhealthy days 10 (0-22.5) 0.092

Physical unhealthy days 15.5 (0-30) 0.598

Mental and physical unhealthy days 24.5 (0-30) 0.130
FT
COST score 18 (15-21) 0.054
Legend: GH = general health; IQR= Interquartile range; FT=Financial

toxicity; HRQOL= Health-Related Quality of Life Scale; * = not
applicable to dichotomic variables.

Table 3 Factor influencing financial toxicity

Factors Effect (95 CI) p-value
on COST scores

Age at diagnosis (for each decade) -3+1 <0.001
Male gender 0.7 £ 0.7 0.409
High school/University -1.4 +0.6 0.047
Pensioner Referent

Public employed -1.0+1.2 0.369
Private/Self employed -3.7+13 0.004
Un-employed -2.3+1.0 0.016
Symptoms 11141 0.331
Larger cysts (for each mm) -0.1 £ 0.1 0.355
WFs at the diagnosis -1.9+0.8 0.014
Follow-up duration (for each year) -0.3 +0.1 0.043
MRI/CT use 0.7 £ 0.7 0.345
GH no-good 1.1+0.8 0.182
Mental and physical unhealthy days 0.1 + 0.1 0.123

FT = financial toxicity; MRI = Magnetic resonance imaging; CT =
Computed tomography.
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Age (for each decade)

Education \"-»E»ollow-up duration (for each 10 y)

Self/Private Employed ‘ WFs

Uneployed

Figure 2 Radar chart representing factors related to financial toxicity. Legend: the blue line represents the mean average effect on the
COST score

Monte Carlo Simulation of Financial Toxicity
Universal vs. User-Pays Healthcare Systems

1
: Universal system (ltaly)
010l E [ User-pays system (USA - Diabetes)
: f -=--+ Observed Median COST (18)
|
1
i
0.08f i
!
1
i
i
20.06
wn
c
j9
o
0.04
0.02
0.00

10 20 30 40
Simulated COST score

Figure 3 Monte Carlo simulation of the COST scores distribution in three healthcare system models. The simulation modeled 10,000

virtual patients per system using normally distributed COST scores: universal healthcare and user-pays models. The vertical dashed line in-

dicates our real-world dataset’s observed median COST score
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Threshold Analysis with 95% Cl
Asterisk (*) indicates Cohen’s d > 0.20

= Universal (Italy)

+ 3 User-pays (USA)

Follow-up +5y

Follow-up +4y

Follow-up +3y

Follow-up +2y

Follow-up +1y

WFs Present

Unemployed

Self-employed

B+

High Education

Age +40y

Age +30y

Age +20y

3 *

Age +10y

0 2‘0 40

Gb 80 100

% with COST < Median (18)

Figure 4 Threshold analysis based on Monte Carlo simulation. Each horizontal bar represents the proportion of simulated patients with a
COST score below the observed median value (COST <18), indicating financial difficulty greater than the median. Using effect estimates from the
multivariable model, simulations were conducted separately for two healthcare system models: a universal system and a user-pays system.
Covariates include age (+10 years), education level (high vs. low), employment status (self-employed or unemployed vs. pensioner/public),
presence of worrisome features (WFs), and follow-up duration (+5 years). Black horizontal lines represent 95 % confidence intervals derived from

Monte Carlo sampling (n = 10,000)

designed to provide payments for those unable to work due to
unemployment, illness, or disability, the financial burden could
be observed. Our reports agreed with the results of Perrone
et al.,'”” who registered FT for 16 different types of cancer
However, what is surprising is that a financial burden was present
here for a precancerous disease, probably related to intense
follow-up. Two factors are associated with FT: patient-related,
which was also observed for other conditions, and disease-
related, which was specific for BD-IPMN. Age decreases the
COST score, increasing the perception of FT. This was probably
because increasing age increased the probability of patients being
frailer and more exposed to financial difficulty. Also, the type of
employment was related to the FT degree. Pensioners and public
employees have higher COST scores and lower FT than self-
employed, private, or unemployed employees. Also, this obser-
vation is reasonable and in line with previous data about the
financial burden.”””' Finally, the perception could also be
conditioned by the educational level: a higher academic level
corresponds to a better perception of financial difficulty related
to BD-IPMN follow-up. The disease-related factors were the
presence of WF features, which increased the probability of a

HPB 2025, 27, 1205-1213

financial burden. This is obvious because, as guidelines(’*8

recommend, follow-up should be more intense than for pa-
tients with an increased risk." On the contrary, the absolute value
of the cyst in size, even if correlated to the risk of malignancy and
follow-up schedule, is less critical to WFs’ presence who imposed
an intensive follow-up (<12 months). Equally obvious, the
longer the follow-up duration, the lower the COST score, and the
higher the FT. However, this data is fascinating and emphasizes
the need for follow-up discontinuation in patients with stable
BD-IPMN after five years of follow-up.”* It should be noted
that the interviewee’s preexisting quality of life was not influ-
enced by BD-IPMN presence. However, the quality of life could
represent a very important confounding factor in this study.
Indeed, several predictors of FT, such as age, educational status,
and employment, are well-known predictors of poor quality of
life.”>** So, poor quality of life could be associated with but
unrelated to FT. To avoid this bias, we registered and analyzed the
QoL. The multivariate model has excluded the confounding
effect of quality of life on FT. Finally, an exploratory Monte Carlo
simulation supported the potential transferability of our findings
across different healthcare settings. By assuming realistic
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variations in the average COST score based on previous litera-
ture,'”'® the simulation showed that FT remains significant also
in universal and user-pays models. This reinforces the relevance
of our observations even outside of a universal healthcare
context. Our median COST score of 18, observed in a publicly
funded system, overlaps with estimates reported in insurance-
based systems. Moreover, threshold analysis suggests that
financial vulnerability is not uniformly mitigated even within a
universal healthcare system.” Subgroups such as older patients
individuals
exposed to financial toxicity, as shown by the higher proportion
of patients falling below the median COST score and the mod-
erate effect sizes observed. On the other hand, the broader dis-

and self-employed remain disproportionately

tribution of the COST score in the user-pays setting compared to
the universal system (SD 4 vs SD 6) suggests that in the user-pays
setting, out-of-pocket expenses and indirect costs may contribute
to a more unequal distribution of financial stress. Demonstrating
the presence of FT is particularly relevant, as it may support more
individualized surveillance strategies. In clinically stable and
elderly patients, who may experience greater economic vulner-
ability, adopting less intensive follow-up schedules, or even
surveillance discontinuation, could be proposed.”®””

The study has strengths and limitations. It utilized a validated
tool to measure FT and documented this phenomenon for the
first time. However, patients were recruited from a single high-
volume center and the same pancreatic team. A primary limi-
tation is the small sample size, which reflects the difficulty in
capturing information about the economic status of patients in
high-volume centers. Nonetheless, the LASSO approach allows
for data analysis using a multivariate method. Third, although we
aimed to understand the factors related to FT, other unmea-
surable factors, such as varying local social welfare programs,
unknown or unreported family situations, or acute financial
hardships within families, may have influenced the survey. For
instance, the out-of-pocket expenses for travel, parking, or one-
night accommodations are challenging to track and are not
always disclosed. Fourth, the study’s setting may limit the results’
external validity. We tried to limit this bias using a Monte Carlo
simulation to simulate our results in a user-pays system.
Therefore, some insights, with caution, may be transferred from
universal care systems to insurance-based ones. Finally, an
increasing body of evidence links the quality of care to the uni-
versal care system, particularly in governance and the efficiency
of healthcare services and systems. All these limitations diminish
the inference and the potential for generalization, necessitating
further quantitative research to validate the current findings.

In conclusion, the importance of this study was doubled. On
the one hand, it represents the first investigation of FT' in BD-
IPMN patients, who should be considered a potentially vulner-
able group due to the intensive and lengthy surveillance. The
economic sustainability of follow-up should be addressed from
the health care system and the patient’s point of view. Several

5,20

reports™~" recently suggested that prolonged or intensive follow-
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up could not be necessary for patients with low-risk BD-IPMN,
and the FT could represent a further reason to discontinue the
follow-up in stable BD-IPMN or prolong the interval time in
those who required surveillance. Further multicentric and pro-
spective studies are needed to unravel the complexity behind the
observed financial burden.

Acknowledgments
The authors declare that they have no known competing financial interests or per-

sonal relationships that could have appeared to influence the work reported in this
paper.

Funding sources

None.

Conflicts of interest

None declared.

References

1. Marchegiani G, Pollini T, Andrianello S, Tomasoni G, Biancotto M,
Javed AA et al. (2021) Progression vs cyst stability of branch-duct
intraductal papillary mucinous neoplasms after observation and sur-
gery. JAMA Surg 156:654-661.

2. Crippa S, Pezzilli R, Bissolati M, Capurso G, Romano L, Brunori MP
et al. (2017) Active surveillance beyond 5 Years is required for pre-
sumed branch-duct intraductal papillary mucinous neoplasms un-
dergoing non-operative management. Am J Gastroenterol 112:
1153-1161.

3. Pergolini I, Sahora K, Ferrone CR, Morales-Oyarvide V, Wolpin BM,
Mucci LA et al. (2017) Long-term risk of pancreatic malignancy in pa-
tients with branch duct intraductal papillary mucinous neoplasm in a
referral center. Gastroenterology 153:1284-1294.e1.

4. Lee BS, Nguyen AK, Tekeste TF, Chang K, Girgis A, Adeyemo M et al.
(2021) papillary
mucinous neoplasms with No change in first 5 Years of diagnosis.
Pancreatology 21:144—-154.

5. Marchegiani G, Andrianello S, Pollini T, Caravati A, Biancotto M,
Secchettin E et al. (2019) “Trivial” cysts redefine the risk of cancer in
presumed branch-duct intraductal papillary mucinous neoplasms of the

Long-term follow-up of branch-duct intraductal

pancreas: a potential target for follow-up discontinuation? Am J
Gastroenterol 114:1678-1684.

6. Ohtsuka T, Fernandez-Del Castillo C, Furukawa T, Hijioka S, Jang JY,
Lennon AM et al. (20283) International evidence-based Kyoto guidelines
for the management of intraductal papillary mucinous neoplasm of the
pancreas. Pancreatology 28:51424—-S3903, 01883-5.

7. Vege SS, Ziring B, Jain R Moayyedi P, &, Clinical Guidelines Committee;
American Gastroenterology Association. (2015) American gastroenter-
ological association institute guideline on the diagnosis and manage-
ment of asymptomatic neoplastic pancreatic cysts. Gastroenterology
148:819-823.

8. European Study Group on Cystic Tumours of the Pancreas. (2018)
European evidence-based guidelines on pancreatic cystic neoplasms.
Gut 67):789-804.

9. Hu Y, Johnston LE, Shami VM, Bauer TW, Adams RB, Stukenborg GJ
et al. (2018) Comparative effectiveness of resection vs surveillance for

© 2025 The Author(s). Published by Elsevier Ltd on behalf of International Hepato-Pancreato-Biliary Association Inc. This is an open

access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).


http://refhub.elsevier.com/S1365-182X(25)00637-9/sref1
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref1
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref1
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref1
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref2
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref2
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref2
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref2
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref2
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref3
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref3
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref3
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref3
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref4
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref4
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref4
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref4
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref5
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref5
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref5
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref5
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref5
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref6
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref6
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref6
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref6
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref7
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref7
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref7
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref7
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref7
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref8
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref8
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref8
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref9
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref9
http://creativecommons.org/licenses/by/4.0/

HPB

1213

10

11

12

13

14.

15.

16.

17

18

19.

20

21

22

HPB 2025, 27, 1205-1213

pancreatic branch duct intraductal papillary mucinous neoplasms with
worrisome features. JAMA Surg 153:225-232.

Aronsson L, Ansari D, Andersson B, Persson U, Fridhammar A,
Andersson R. (2018) Intraductal papillary mucinous neoplasms of the
pancreas - a cost-effectiveness analysis of management strategies for
the branch-duct subtype. HPB 20:1206-1214.

Lai T, Bull N, Goonawardena J, Bradshaw L, Fox A, Hassen S. (2023)
Are the screening guidelines for branch duct intraductal papillary
mucinous neoplasms cost-effective in an Australian setting? ANZ J
Surg 93:2885-2891.

Overbeek KA, Kamps A, van Riet PA, Di Marco M, Zerboni G, van
Hooft JE et al. (2019 Dec) Pancreatic cyst surveillance imposes low
psychological burden. Pancreatology 19:1061-1066.

Hussaini SMQ, Gupta A, Dusetzina SB. (2022) Financial toxicity of
cancer treatment. JAMA Oncol 8:788.

Zafar SY, Peppercorn JM, Schrag D, Taylor DH, Goetzinger AM,
Zhong X et al. (2013) The financial toxicity of cancer treatment: a pilot
study assessing out-of-pocket expenses and the insured cancer pa-
tient’s experience. Oncologist 18:381-390.

Zheng Z, Han X, Zhao J, Banegas MP, Tucker-Seeley R, Rai A et al.
(2020) Financial hardship, healthcare utilization, and health among US
cancer survivors. Am J Prev Med 59:68-78.

Kent EE, Forsythe LP, Yabroff KR, Weaver KE, de Moor JS,
Rodriguez JL et al. (2013) Are survivors who report cancer-related
financial problems more likely to forgo or delay medical care? Cancer
119:3710-3717.

Perrone F, Jommi C, Di Maio M, Gimigliano A, Gridelli C, Pignata S et al.
(2016) The association of financial difficulties with clinical outcomes in
cancer patients: secondary analysis of 16 academic prospective clinical
trials conducted in Italy. Ann Oncol 27:2224-2229.

Patel MR, Zhang G, Heisler M, Song PXK, Piette JD, Shi X et al. (2022)
Measurement and validation of the comprehensive score for financial
toxicity (COST) in a population with diabetes. Diabetes Care 45:
2535-2543.

Sharma A, Minh Duc NT, Luu Lam Thang T, Nam NH, Ng SJ, Abbas KS
et al. (2021t) A consensus-based checklist for reporting of survey
studies (CROSS). J Gen Intern Med 36:3179-3187.

Tanaka M, Fernandez-Del Castillo C, Kamisawa T, Jang JY, Levy P,
Ohtsuka T et al. (2017) Revisions of international consensus Fukuoka
guidelines for the management of IPMN of the pancreas. Pancreatology
17:738-758.

de Souza JA, Yap BJ, Wroblewski K, Blinder V, Araudjo FS, Hlubocky FJ
et al. (2017) Measuring financial toxicity as a clinically relevant patient-
reported outcome: the validation of the Comprehensive Score for
financial Toxicity (COST). Cancer 123:476-484.
https://www.facit.org/measure-languages/cost-languages.
November 26, 2024.

Accessed

23.

24

25

27

28.

30

31

32

33

34

35

36.

37

Fenn KM, Evans SB, McCorkle R. (2014) Impact of financial burden of
cancer on survivors’ quality of life. J Oncol Pract 10:332-338.

Mielenz T, Jackson E, Currey S, DeVellis R, Callahan LF. (2006) Psy-
chometric properties of the centers for disease control and prevention
health-related quality of life (CDC HRQOL) items in adults with arthritis.
Health Qual Life Outcome 24:66.

Yabroff KR, Zhao J, Han X, Zheng Z. (2019) Prevalence and correlates of
medical financial hardship in the USA. J Gen Intern Med 34:1494-1502.
https://www.healthsystemtracker.org/brief/payments-for-cost-sharing-
increasing-rapidly-over-time/.2016. Accessed June 27, 2024.
https://www.cancer.gov/publications/dictionaries/cancer-terms/def/
chronic-disease. Accessed June 27, 2024.

Koopmann BDM, Dunnewind N, van Duuren LA, Lansdorp-Vogelaar I,
Naber SK, Cahen DL et al. (2023) The natural disease course of pancreatic
cyst- associated neoplasia, dysplasia, and ductal adenocarcinoma: re-
sults of a microsimulation model. Gastroenterology 165:1522—-1532.
https://www.who.int/news-room/fact-sheets/detail/noncommunicable-
diseases.Accessed June 27, 2024.
https://www.ncbi.nim.nih.gov/books/NBK598233/#. Accessed June 27,
2024.

Huntington SF, Weiss BM, Vogl DT, Cohen AD, Garfall AL, Mangan PA
et al. (2015) Financial toxicity in insured patients with multiple myeloma:
a cross-sectional pilot study. Lancet Haematol 2:e408—-e416.

Parker C, Ayton D, Zomer E, Liew D, Vassili C, Fong CY et al. (2022) Do
patients with haematological malignancies suffer financial burden? A
cross-sectional study of patients seeking care through a publicly funded
healthcare system. Leuk Res 112106748.

Fitch MI, Sharp L, Hanly P, Longo CJ. (2022) Experiencing financial
toxicity associated with cancer in publicly funded healthcare systems: a
systematic review of qualitative studies. J Cancer Surviv 16:314-328.
Obiegto M, Siennicka A, Jankowska EA, Danel DP. (2017) Direction of the
relationship between acceptance of illness and health-related quality of
life in chronic heart failure patients. J Cardiovasc Nurs 32:348-356.
Deber RB. (2003 Jan) Health care reform: lessons from Canada. Am J
Publ Health 93:20-24.

Marchegiani G, Pollini T, Burelli A, Han Y, Jung HS, Kwon W et al. (2023)
Surveillance for presumed BD-IPMN of the pancreas: stability, size, and
age identify targets for Gastroenterology 165:
1016-1024.e5.

Ricci C, Crippa S, Hee J, Jung H, Capurso G, Ferronato M et al. (2025)
Personalized surveillance intervals for intraductal papillary mucinous

discontinuation.

neoplasm (IPMN): multicenter study using parametric models. Ann Surg
[Epub ahead of print].

Appendix A. Supplementary data
Supplementary data to this article can be found online at https://doi.org/10.
1016/j.hpb.2025.06.007.

© 2025 The Author(s). Published by Elsevier Ltd on behalf of International Hepato-Pancreato-Biliary Association Inc. This is an open

access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).


http://refhub.elsevier.com/S1365-182X(25)00637-9/sref9
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref9
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref10
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref10
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref10
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref10
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref11
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref11
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref11
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref11
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref12
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref12
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref12
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref13
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref13
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref14
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref14
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref14
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref14
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref15
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref15
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref15
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref16
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref16
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref16
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref16
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref17
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref17
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref17
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref17
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref18
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref18
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref18
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref18
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref19
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref19
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref19
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref20
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref20
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref20
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref20
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref21
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref21
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref21
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref21
https://www.facit.org/measure-languages/cost-languages
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref23
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref23
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref24
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref24
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref24
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref24
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref25
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref25
https://www.healthsystemtracker.org/brief/payments-for-cost-sharing-increasing-rapidly-over-time/
https://www.healthsystemtracker.org/brief/payments-for-cost-sharing-increasing-rapidly-over-time/
https://www.cancer.gov/publications/dictionaries/cancer-terms/def/chronic-disease
https://www.cancer.gov/publications/dictionaries/cancer-terms/def/chronic-disease
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref28
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref28
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref28
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref28
https://www.who.int/news-room/fact-sheets/detail/noncommunicable-diseases
https://www.who.int/news-room/fact-sheets/detail/noncommunicable-diseases
https://www.ncbi.nlm.nih.gov/books/NBK598233/
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref31
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref31
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref31
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref32
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref32
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref32
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref32
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref33
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref33
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref33
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref34
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref34
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref34
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref35
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref35
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref36
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref36
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref36
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref36
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref37
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref37
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref37
http://refhub.elsevier.com/S1365-182X(25)00637-9/sref37
https://doi.org/10.1016/j.hpb.2025.06.007
https://doi.org/10.1016/j.hpb.2025.06.007
http://creativecommons.org/licenses/by/4.0/

	Financial toxicity in patients followed for branch-duct intraductal papillary mucinous neoplasms: the risk that arises from ...
	Introduction
	Methods
	Patients and eligibility criteria
	Data collection, definitions, and end point
	Statistical analysis

	Results
	Characteristics of patients
	Survey
	Montecarlo simulation

	Discussion
	IntroductionIn recent years, several studies have clarified that the branch-duct intraductal papillary mucinous neoplasms ( ...
	flink5
	aclink3
	References
	Appendix A. Supplementary data


