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Abstract

Background and Aims: Total pancreatectomy with islet autotransplantation (TPIAT) is a surgical option to
mitigate the risk of anastomotic complications and preserve endogenous insulin secretion in patients under-
going pancreaticoduodenectomy. However, the utility of continuous glucose monitoring (CGM) in assessing
islet graft performance remains poorly characterized. Thereby, the aim of this study was to investigate the
relationship between CGM-derived glycemic metrics and islet function following TPIAT.
Materials and Methods: Ten patients with pancreatic neoplasms (male/female 5/5, median age 60 [IQR 55–68]
years) underwent TPIAT between September 2023 and March 2025 at the Verona University Hospital, receiving a
median islet dose of 1912 IEQ/kg [IQR 1724–3074]. CGM data were collected at 3 (n = 10), 6 (n = 8), and
12 (n = 7) months post-transplantation. Islet metabolic function was assessed using Igls criteria and BETA-2 score.
CGM metrics were compared across Igls-defined graft function categories and correlated with BETA-2 scores.
Results: Of 25 total assessments, islet function was classified as optimal (n = 10), good (n = 6), marginal (n = 8), or
failure (n = 1). Median BETA-2 score decreased significantly across these groups (19.4, 13.6, 5.3, 1.4, respectively;
P < 0.001). Optimal function was associated with superior glycemic control (time in range, TIR: 97.0%; time in tight
range, TITR: 86.5%; time above range, TAR: 1.5%) and lower glycemic variability (coefficient of variation, CV:
20.5%; glycemia risk index, GRI: 44.0), compared with good and marginal groups (all P < 0.01). These same CGM
metrics were significantly correlated with both Igls classification and BETA-2 score (all P < 0.015).
Conclusions: CGM parameters reflect islet graft performance following TPIAT and are strongly correlated
with established markers of b-cell function. Metrics such as TIR, TITR, TAR, CV, and GRI may serve as
practical and sensitive tools for post-transplant metabolic surveillance in endocrine clinical practice.
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Introduction

T otal pancreatectomy with islet autotransplantation
(TPIAT) has been proposed as a safe and effective alter-

native to partial pancreatectomy followed by high-risk
pancreatic anastomosis for the treatment of pancreatic neo-
plasms. This approach aims to mitigate the risk of postoperative
complications, such as clinically relevant pancreatic fistulas,
while preserving endogenous insulin secretion and minimizing
the incidence of unstable pancreatogenic diabetes.1

In the context of islet allotransplantation for type 1 diabe-
tes (T1D), the Igls criteria were developed as a standardized
framework to classify beta cell graft outcomes.2 However,
adaptation was necessary for their application to islet auto-
transplantation (IAT), as recipients typically do not have
pre-existing diabetes at the time of surgery. To address this,
several centers have proposed modified versions of the Igls
criteria tailored to the autologous setting, including adapta-
tions from Chicago,3 Minnesota,4 Leicester,5 and Milan:6

almost all these Igls-derived islet evaluation methods rely on
hematological exams (such as C-peptide and HbA1c values)
and on clinical parameters (like the incidence of severe
hypoglycemia episodes and the exogenous daily insulin
intake), providing a categorical evaluation of each factor
based on four different classes (optimal, good, marginal and
failure) as defined by thresholds set by each center, and then
assigning a composite overall evaluation of the graft function

according to the lowest class function achieved for any of
the categorizing parameters;3,4,6 in this framework, the
Milan criteria have been proposed among the most recent
classification systems for TPIAT, providing more granular
C-peptide ranges for identifying intermediate categories and
having been validated in a large cohort of TPIAT recipients.6

In addition to Igls-derived criteria, continuous surrogate indi-
ces based on single fasting blood samples have been devel-
oped to assess islet graft function following TPIAT. Among
these, the BETA-2 score has demonstrated superior perform-
ance, showing a strong correlation with Igls-derived func-
tional categories and providing a reliable estimate of residual
beta cell activity.3,7

Traditional islet graft evaluation methods rely primarily
on biochemical parameters—such as fasting C-peptide,
glucose, and HbA1c—as well as clinical indicators includ-
ing daily exogenous insulin requirements and the occur-
rence of severe hypoglycemia. However, the growing
accessibility of continuous glucose monitoring (CGM)
technologies has introduced a more dynamic and granular
approach to assessing glycemic control in islet transplant
recipients. CGM-derived metrics provide superior insight
into blood glucose fluctuations and glycemic variability
compared with static blood-based measures. Notably, in
the context of islet allotransplantation for T1D, several
studies have demonstrated strong concordance between
CGM profiles and Igls-based functional classification,2
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underscoring the potential of CGM as a complementary
tool in evaluating graft performance. In the context of auto-
logous islet transplantation, preliminary studies have iden-
tified significant associations between selected CGM
metrics, particularly time in range, and modified auto-Igls
classification systems.4 However, comprehensive data on
the distribution and performance of both established and
emerging CGM-derived metrics across recently proposed
classification frameworks remain limited. Therefore, the
main aim of this pilot study, based on initial data from the
first TPIAT procedures completed at the University Hospi-
tal of Verona, was to preliminarily explore the potential
associations between selected CGM metrics and the
recently proposed Milan modified Igls criteria for IAT.6

Such exploratory analysis sought to provide insights to
inform future, more comprehensive investigations into this
relationship.

Materials and Methods

This prospective study enrolled patients undergoing
TPIAT at the University Hospital of Verona. Clinical and
biochemical data, including islet function parameters and
CGM metrics, were systematically collected during follow-
up. The primary objective was to evaluate the distribution of
key CGM-derived metrics across the functional outcome cat-
egories defined by the most recent Milan-modified Igls crite-
ria for autologous islet transplantation.6 The secondary
objective was to assess potential associations between CGM
metrics and the BETA-2 score, a validated surrogate marker
of beta cell function.

The study protocol was approved by the Institutional
Ethics Committee of the University Hospital of Verona and
conducted in accordance with the ethical standards outlined
in the Declaration of Helsinki. Written informed consent was
obtained from all participants prior to enrollment.

Subject Eligibility

All patients who underwent TPIAT for pancreatic or
ampullary neoplasms at the University Hospital of Verona
between September 2023 and March 2025 were consecu-
tively and prospectively enrolled as surgical procedures and
IAT were completed and as their further glucometabolic
monitoring and follow-up could start. The eligibility criteria
for TPIAT followed the Milan protocol:8 adult patients with
localized, resectable neoplastic disease for which conven-
tional partial pancreatectomy was associated with a high risk
of postoperative complications related to pancreatic anasto-
mosis. Patients were excluded if they had a preoperative
diagnosis of diabetes mellitus, defined by confirmed fasting
plasma glucose ‡126 mg/dL and/or HbA1c ‡6.5%.9 Addi-
tional exclusion criteria included a diagnosis of multiple
endocrine neoplasia, intraductal papillary mucinous neo-
plasm with multifocal lesions unless excluded by endoscopic
ultrasound, and involvement of the pancreatic transection
margin.8

Surgical Procedure and Islet Isolation

Once deemed eligible, patients underwent total pancreatec-
tomy. Splenic preservation was considered on a case-by-case
basis, according to individual anatomical and clinical

factors. A 1 cm margin of pancreatic tissue adjacent to the
transection site was submitted for intraoperative frozen
section analysis to confirm the absence of residual tumor.
The disease-free portion of the resected pancreas was
immediately preserved in cold University of Wisconsin
solution and transported to the islet isolation facility at San
Raffaele Hospital, Milan. There, enzymatic digestion, islet
isolation, and purification were carried out according to
previously established protocols.8,10,11 On postoperative
day 1, the purified autologous islets were transported back
to Verona and infused into the patient’s liver via percuta-
neous transhepatic cannulation of the portal vein, per-
formed by the same surgical team.

Postoperative Management and Follow-up

Following TPIAT, patients underwent in-hospital monitor-
ing for postoperative complications and adverse events. Dur-
ing this period, glycemic control was maintained with low
dose multiple daily insulin injections, and hematological
parameters—including fasting blood glucose and C-peptide
levels—were regularly assessed. Upon clinical stabilization,
patients were discharged and scheduled for structured follow-
up visits at 1, 3, 6, and 12 months postprocedure. These visits
included assessment of glycemic control, insulin require-
ments, and routine biochemical parameters. All patients were
equipped with second-generation intermittently scanned
CGM (isCGM) systems (Abbott� FreeStyle Libre 2). Strict
glycemic targets were pursued using low-dose basal-bolus
insulin therapy to support islet engraftment during the criti-
cal early post-transplant period.12 This regimen was main-
tained for the first 2 months and then progressively tapered
during the initial 2 weeks of the third month, provided
adequate glycemic control was achieved without hypogly-
cemia. At 3, 6, and 12 months post-TPIAT, follow-up eval-
uations included clinical assessment, fasting laboratory
testing, and—when feasible—a standardized mixed meal
tolerance test (MMTT). Islet graft function was classified
using the Milan-modified Igls criteria and quantified by the
BETA-2 score.

Mixed meal tolerance test

The MMTT was performed using a 386-kcal test meal,
consisting of approximately 48.0 g carbohydrates, 13.2 fats,
and 16.0 g proteins. Specifically, the meal consisted of com-
posite portions of Parmesan cheese (34 g: 136 kcal, 0.0 g car-
bohydrates, 10.2 g fats, 10.8 g proteins), breadsticks (30 g:
126 kcal, 21.0 g carbohydrates, 2.8 g fats, 3.6 g proteins), and
peach juice (250 g: 124 kcal, 27.0 g carbohydrates, 0.2 g fats,
1.6 g proteins). The meal was consumed within 10 min, and
blood samples for blood glucose, C-peptide and insulin were
collected at baseline (-15 and 0 min), followed by 10, 20, 30,
45, 60, 90, 120, 140, and 180 min after ingestion. The highest
C-peptide measurement during the test, referred to as “stimu-
lated C-peptide,” was recorded. Since the MMTT required
quite a long time and collaboration from the patients in order
to complete it adequately, such procedure was suggested but
not mandatory for the follow-up.
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Islet function classification methods

Milan Igls-derived criteria6 were used for the evaluation
of islet function, including four categories of success (opti-
mal, good, marginal, and failure) based on four parameters:
HbA1c, incidence of severe hypoglycemia episodes, exoge-
nous insulin daily dose and fasting or stimulated plasma
C-peptide (that is, C-peptide peak during a stimulation test
like an oral glucose tolerance test, a mixed meal tolerance
test or an arginine test).

Islet outcomes were also assessed by calculating the
BETA-2 score,7 as follows:

BETA� 2 score ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
fasting C� peptidenmol=l

p �ð1� insulin doseIU=kg=dayÞ
fasting blood glucosemmol=l�HbA1c%

 !

�1000
CGM data

At 3, 6, and 12 months after TPIAT, isCGM-derived data
regarding the last 14 days prior to visits were collected and
the following metrics were calculated:

� time in range 70–180 mg/dL (TIR)
� time in tight range 70–140 mg/dL (TITR)
� time above range >180 mg/dL (TAR) and its compo-

nents 181–250 mg/dL and >250 mg/dL
� time below range <70 mg/dL (TBR) and its compo-

nents 54–69 mg/dL and <54 mg/dL
� coefficient of variation (CV)
� mean glucose (MG)
� glycemia risk index (GRI) and its hyper- and hypogly-

cemia components, calculated according to previously
proposed formulas13

CGM readings were considered adequate for analysis with
sensor use >70% over the chosen 14-day-long periods,
according to the most recent recommendations.14

Statistical Analysis

Continuous variables are reported as medians with inter-
quartile ranges (IQR), while categorical variables are
expressed as absolute counts and relative frequencies (%).
To account for repeated measures across multiple follow-up
time points (3, 6, and 12 months post-TPIAT), a panel data
structure was constructed with patient identifiers and corre-
sponding time points.

Comparisons of continuous variables across Igls-derived
functional categories were conducted using the Kruskal–
Wallis test, followed by Dunn’s post hoc tests for pairwise
comparisons. Nonparametric Spearman’s rank correlation
analyses were employed to evaluate associations between
key isCGM-derived metrics and both categorical (Milan
modified Igls criteria) and continuous (BETA-2 score) indi-
ces of islet graft function, as well as the total infused islet
equivalents (IEQ/kg).

A two-sided P value <0.05 was considered statistically
significant. Given the exploratory nature of the study, no
adjustments were made for multiple comparisons.

All statistical analyses were performed using STATA
software, version 18.0 (StataCorp, College Station, TX,
USA).

Results

Subjects

Between September 2023 and March 2025, a total of 10
patients underwent TPIAT at the University Hospital of Ver-
ona (male/female: 5/5). Median [IQR] values at baseline
were: age 60 [55–68] years, BMI 24.8 [22.2–27.6] kg/m2,
fasting plasma glucose 95 [83–102] mg/dL, fasting C-peptide
2.1 [1.3–2.9] ng/mL, and HbA1c 5.3% [4.9–5.7]. The median
islet yield was 1912 [1724–3074] IEQ/kg. Of the 10 patients,
7 had malignant neoplasms (pancreatic, ampullary, or duo-
denal adenocarcinoma), 2 had pancreatic neuroendocrine
tumors, and 1 had a high-grade ampullary adenoma; the
median [IQR] time from diagnosis to surgical treatment
was 5 [3–9] months, ranging from 0 to 12 months. Two
patients had a history of pancreatitis (acute, n = 1; chronic
calcific, n = 1). Regarding complications related to percuta-
neous portal vein infusion, two subjects experienced bleed-
ing that was managed with angiographic hemostasis, and
one of these cases was associated with portal vein throm-
bosis. A summary of baseline characteristics is provided in
Table 1. Detailed individual patient data, along with all
further surgery-related adverse events, are presented in
Supplementary Table S1.

Islet function outcomes

Follow-up visits were conducted at 3, 6, and 12 months
after TPIAT, yielding a total of 25 evaluable observation
points with paired CGM data and islet function assessments.
The number of patients contributing to the data at each time

TABLE 1. BASELINE CHARACTERISTICS OF SUBJECTS
UNDERGOING TPIAT

Variables Values

N 10
Sex (M/F, %M) 5/5 (50%)
Age (years) 60 (55–68)
Body weight (kg) 72 (52–87)
BMI (kg/m2) 24.8 (22.2–27.6)
Fasting plasma glucose (mg/dL) 95 (83–102)
Fasting C-peptide (ng/mL) 2.1 (1.3–2.9)
HbA1c
(%) 5.3 (4.9–5.7)
(mmol/molHb) 35 (30–39)

Original pancreatic disease (n, %):
• Ampullary adenocarcinoma 3 (30)
• Biliopancreatic adenocarcinoma 1 (10)
• Duodenal adenocarcinoma 1 (10)
• High-grade ampullary adenoma 1 (10)
• Intraductal papillary mucinous
neoplasm with associated pancreatic
adenocarcinoma

1 (10)

• Pancreatic adenocarcinoma 1 (10)
• Pancreatic neuro-endocrine tumor 2 (20)

Infused islets (IEQ/kg) 1912 (1724–3074)

Baseline characteristics of the 10 patients undergoing TPIAT.
Categorical variables presented as absolute frequencies (percentage);

continuous variables presented as median (IQR).
BMI, body mass index; HbA1c, hemoglobin A1c.
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point was 10 at 3 months, 8 at 6 months, and 7 at 12 months,
according to the available follow-up duration reached by
each subject at the time of data collection and analysis. At
each time point, islet function was categorized according to
the Milan-modified Igls criteria (Table 2), and BETA-2
scores were calculated.

Overall, among the whole sample of 25 observation points
from 3 to 12 months of follow-up, islet function was classi-
fied as optimal in 10 observation points (40%), good in 6
(24%), marginal in 8 (32%), and failed in 1 observation point
(4%) (Table 3). Significant differences across categories
were observed in HbA1c (P < 0.001) and exogenous insulin
requirements (P = 0.003), whereas fasting C-peptide levels
and the incidence of severe hypoglycemia episodes did not
differ significantly. Patients in the “optimal” group had
the lowest HbA1c values (5.6% [5.4–5.9]), were insulin-
independent, and maintained fasting C-peptide within nor-
mal range (1.06 [1.00–1.33] ng/mL). Those classified as
“good” and “marginal” had higher HbA1c levels (6.3%
[6.1–6.7] and 7.5% [7.4–8.1], respectively) and required
low-to-moderate multiple daily insulin injection (MDII)
therapy (0.11 [0.00–0.11] IU/kg/day and 0.20 [0.12–0.50]
IU/kg/day, respectively) using once-daily glargine 300 IU/mL
(0.08 [0.00–0.11] IU/kg/day and 0.14 [0.09–0.31] IU/kg/day,
respectively) and lispro 100 IU/mL at meal times (0.00 [0.00–
0.02] IU/kg/day and 0.08 [0.01–0.19] IU/kg/day, respectively)
as long-acting and rapid-acting insulin analogues, respectively,
while maintaining measurable fasting C-peptide (1.24 [1.15–
1.42] and 1.00 [0.77–1.64] ng/mL, respectively). The single
“failure” case showed minimal residual C-peptide secretion
(0.23 ng/mL), required the highest insulin dose (0.75 IU/kg/
day total insulin: 0.46 IU/kg/day long-acting and 0.29 IU/kg/
day rapid acting insulin), yet maintained relatively acceptable
glycemic control (HbA1c6.4%). No severe hypoglycemia was
reported in any group. Across follow-up intervals (Fig. 1), the
proportion of patients with optimal islet function remained sta-
ble: 40% at 3 months (4/10), 38% at 6 months (3/8), and 43%
at 12 months (3/7). At 12 months, one subject (14%) was clas-
sified as failure. Seven participants accepted to undergo
MMTTs at 3 (n = 3), 6 (n = 6), and 12 months (n = 6). Peak
stimulated C-peptide was used for islet classification in addi-
tion to fasting values. However, no reclassification occurred
when using stimulated instead of fasting C-peptide based on
the proposed cut-offs. The BETA-2 score decreased consis-
tently across Igls functional categories: median [IQR] values

were 19.4 [17.7–19.8] for optimal, 13.6 [11.8–15.7] for good,
5.3 [3.5–10.4] for marginal, and 1.4 for failure (P < 0.001).

CGMmetrics and their association with islet function

CGM profiles demonstrated significantly different distri-
butions across Igls-derived categories for several key metrics
(Table 3). These included TIR (P = 0.013), TITR (P =
0.002), TAR (P = 0.008), mean glucose (P = 0.002), CV
(P = 0.048), and the GRI (total and hyperglycemia compo-
nent: P = 0.026 and P = 0.006, respectively). In contrast, no
significant differences were observed for TBR or the hypo-
glycemia component of GRI, both of which remained consis-
tently low across all Igls groups (<1% and <1, respectively).
As illustrated in Figure 2, post-hoc Dunn’s multiple compar-
ison analyses revealed that subjects in the “optimal” islet
function category exhibited significantly better glycemic
control than those in the “good” and “marginal” groups. Spe-
cifically, they had higher TIR (97.0% vs. 75.5%, P = 0.005;
vs. 68.0%, P = 0.002) and TITR (86.5% vs. 41.0%, P =
0.004; vs. 38.0%, P < 0.001), and lower TAR (1.5% vs.
24.5%, P = 0.004; vs. 31.0%, P = 0.001), mean glucose (112
vs. 156 mg/dL, P = 0.002; vs. 162 mg/dL, P < 0.001), CV
(20.5% vs. 30.1%, P = 0.008; vs. 29.6%, P = 0.016), GRI
(4.0 vs. 22.0, P = 0.007; vs. 32.0, P = 0.004), and GRI hyper-
glycemia component (0.5 vs. 8.0, P = 0.006; vs. 15.0, P <
0.001). No significant differences were found between
“good” and “marginal” categories for any CGM metric. Due
to the single data point in the “failure” group (n = 1), statisti-
cal comparisons with this category were not feasible. Full
results of post-hoc comparisons are reported in Supplemen-
tary Table S2. Further sub-analyses regarding the longitudi-
nal trends of CGM metrics within optimal and not-optimal
subgroups who reached the whole 12-month time period of
follow-up did not unveil any significant within-group differ-
ences through the observed time points, except for a slightly
increasing trend in CV and GRI, albeit not statistically sig-
nificant (Supplementary Table S3).

Correlation analyses using Spearman’s method (Table 4)
confirmed that several CGM-derived metrics were signifi-
cantly associated with both the Milan Igls-derived classifica-
tion and the BETA-2 score. Strong correlations were
observed for TIR (rho = –0.588 and 0.815), TITR (–0.696
and 0.856), TAR (0.617 and –0.828), mean glucose (0.665
and –0.798), CV (0.487 and –0.699), total GRI (0.535 and
-0.743), and GRI hyperglycemia component (0.612 and
-0.827), with all P values <0.05 for Igls classification

TABLE 2. MILAN IGLS-DERIVED CRITERIA FOR THE ASSESSMENT OF ISLET FUNCTION AFTER AUTOLOGOUS

TRANSPLANTATION6

Category of success HbA1c (%) SHE (n) Insulin dose (IU/kg/day)

Plasma C-peptide (ng/mL)

Stimulated Fasting

Optimal £6.5 0 0.0 >0.50 >0.50
Good >6.5 and <7.0 — >0.0 and <0.5 — —
Marginal ‡7.0 ‡1 ‡0.5 — >0.30 and £0.50
Failure — — — £0.50 £0.30

Islet function can be classified as optimal, good, marginal, or failure according to the worst mark achieved in each of the four parameters:
HbA1c, incidence of severe hypoglycemia events, daily insulin dose needed or C-peptide (fasting or stimulated, i.e., peak of C-peptide dur-
ing a stimulation test, like OGTT, MMTT, or arginine test).
HbA1c, hemoglobin A1c; SHE, severe hypoglycemia episode.
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and <0.001 for BETA-2 score. These same CGM metrics
were also significantly associated with the number of infused
islet equivalents per kilogram (IEQ/kg), showing consistent
trends (e.g., TIR: rho = 0.467, P = 0.019; TITR: rho = 0.535,
P = 0.007; TAR: rho = –0.539, P = 0.006; full results in Sup-
plementary Table S4). In addition, the number of IEQ/kg
infused was strongly correlated with both the Igls classifica-
tion (rho = –0.672, P < 0.001) and BETA-2 score (rho =
0.643, P < 0.001). Conversely, neither TBR nor the GRI
hypoglycemia component were significantly associated with
any islet function outcome measure (Igls classification or
BETA-2 score), nor with the quantity of infused islets.

Discussion

Although the limited sample size precluded from drawing
definitive conclusions about CGM’s value as a tool for evalu-
ating long-term islet function following TPIAT our study
suggested a potential association between CGM-derived met-
rics, the Igls classification system according to the Milan cri-
teria and the BETA-2 score. Specifically, we found that
metrics related to euglycemia (TIR, TITR), hyperglycemia
(TAR, GRI and its hyperglycemia component), glycemic var-
iability (CV), and mean glucose correlated with Igls-derived
classifications and BETA-2 scores, while hypoglycemia-
related parameters (TBR and the hypoglycemia component of
GRI) did not.

These results align with prior evidence supporting the
role of preserved islet function in maintaining glucose
homeostasis and minimizing therapeutic burden.6,15 In
contrast to previous studies, such as the one by McEachron
et al.,4 which investigated CGM metrics in a small sample
of subjects who used glucose sensors from a larger main
cohort and which found a significant association with
TITR alone, our findings revealed broader associations
across several CGM parameters, likely reflecting methodo-
logical differences, such as the use the same single updated
type of CGM device and the inclusion of metrics from all
subjects since the enrollment, regardless of the actual insu-
lin independence, and a more comprehensive analysis, also
including novel metrics, like GRI and its hyper- and hypo-
glycemia components, although with the limitation of a
still smaller sample size. Our study also extends current
knowledge by including novel CGM-derived indices such
as the GRI, which may provide more granular insight into
glucose fluctuations across Igls categories. Interestingly,
the GRI differences were largely driven by its hyperglyce-
mia component, while the hypoglycemia component was
kept low and similar across Igls classes, reinforcing the
notion that, regardless of overall classification, even par-
tially preserved islet function can provide protection from
hypoglycemia—a pattern consistent with previous findings
in both T1D16–18 and islet transplantation.19 This is further
supported by the absence of severe hypoglycemia episodes

�
FIG. 2. Distributions of CGM metrics across Igls categories. For each metric, the distribution of the respective values
for the four Igls classes is shown, along with the number of observation points (n) classified according to each Igls
class. At the right side, the P value from Kruskal–Wallis test is shown, and P values from post-hoc Dunn’s multiple
pairwise comparison tests are displayed when statistically significant. Presented metrics include time in range (A), in
tight range (B), above range (C), below range (D), mean glucose (E), coefficient of variation (F), hyper- and hypogly-
cemia components of glycemia risk index (G and H, respectively) and glycemia risk index itself (I).

FIG. 1. Metabolic outcomes of total pancreatectomy with islet autotransplantation (TPIAT) through follow-up accord-
ing to Milan modified Igls criteria. For each time point, the proportions of the four Igls outcomes across the available
subjects are shown, along with the distribution of the respective subjects in each Igls category.
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in our cohort. Such preservation of safety from hypoglyce-
mia, even among patients with marginal islet function,
emphasizes the clinical relevance of autologous transplan-
tation beyond glycemic control.

Moreover, the BETA-2 score, a composite index incorpo-
rating both glycemic and insulin secretory parameters,
showed a strong correlation with Igls outcomes and with the
same CGM metrics that tracked with clinical classifications.
This suggests a high degree of internal consistency across
different methods used to assess islet function. However,
while CGM metrics discriminated well between optimal and
sub-optimal outcomes, they were less effective in distin-
guishing between intermediate categories (i.e., good vs mar-
ginal), implying that CGM data alone may not suffice for
precise functional stratification. These findings are in line
with previous studies, such as that by McEachron, where
TITR showed significant differences only between optimal
and marginal outcomes.4 However, it might also be noted
that optimal outcomes could differ substantially from not-
optimal ones, particularly when considering HbA1c and
insulin independence criteria, as these represented the only
category without concrete evidence of diabetes mellitus.
Therefore, while the diabetes-free definition of optimal out-
comes may partially account for the most notable differences
in CGM metrics between optimal and suboptimal groups, it
is also true that most not-optimal outcomes needed some
degree of insulin therapy; thus, the therapeutic intervention
and insulin dose titration by the patients themselves, coupled
with a proper use of the CGM sensors, could enhance glu-
cose control and improve CGM metrics,20 possibly contrib-
uting to the challenge of identifying significant differences
in sensor metrics across intermediate Igls functional classes.
However, a larger sample size might be required to provide

sufficient power to detect any actual differences across sub-
optimal outcomes. Such observations support the need for
integrated evaluation systems, potentially combining CGM
with hematological and clinical data, as proposed in the
updated Igls criteria for allotransplantation.2

To our knowledge, this is the first study specifically
designed to assess the relationship between CGM metrics and
long-term islet function using both Igls-derived classification
and BETA-2 score in a TPIAT population treated for neoplas-
tic diseases. As highlighted in a recent systematic review,21

prior investigations into CGM use in this setting are limited in
number and scope, often involving pediatric populations,22–24

outdated sensor technologies,4 or short-term postoperative
monitoring.25 Although a recent study by Somani et al.26 pro-
posed CGM-based thresholds to identify favorable HbA1c
outcomes after TPIAT in chronic pancreatitis, it focused on a
single parameter and lacked robust evaluation of insulin inde-
pendence, thus limiting its generalizability.

While our results provide novel insights, several limita-
tions should be acknowledged. Chief among them is the rela-
tively small sample size, which may limit statistical power
and generalizability. Furthermore, although we evaluated out-
comes up to 12 months post-TPIAT, longer follow-up periods
would be necessary to confirm the durability of our findings.
Variability in CGM device use, lack of standardization in
TPIAT procedures, and the evolving nature of the Igls classi-
fication system may also influence broader applicability.

Conclusions

Our findings support the potential role of CGM metrics in
assessing long-term islet function after TPIAT, particularly
in distinguishing optimal from nonoptimal outcomes. How-
ever, CGM should be considered as part of a multimodal
assessment strategy rather than a standalone diagnostic tool.

Future studies with larger, multi-center cohorts and standar-
dized methodologies are needed to validate these results and
enhance our understanding of post-TPIAT glucose dynamics.
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TABLE 4. SPEARMAN’S CORRELATION ANALYSES BETWEEN

CGM METRICS AND ISLET ASSESSMENT METHODS: MILAN

MODIFIED IGLS CLASSIFICATION AND BETA-2 SCORE

CGM metrics

Milan igls classification BETA-2 score

Rho P value Rho P value

TIR -0.588 0.003* 0.815 <0.001*
TITR -0.696 <0.001* 0.856 <0.001*
TAR 0.617 0.001* -0.828 <0.001*
TBR 0.093 0.653 -0.051 0.807
Mean glucose 0.665 <0.001* -0.798 <0.001*
CV 0.487 0.015* -0.699 <0.001*
Hyper comp.
of GRI

0.612 0.002* -0.827 <0.001*

Hypo comp.
of GRI

0.093 0.653 -0.051 0.807

GRI 0.535 0.007* -0.743 <0.001*

Cohort size = 25 observations from 10 subjects through a follow-
up of 3 to 12 months after TPIAT.
Spearman’s nonparametric correlations for the main CGM met-

rics versus Igls-driven islet function categorization and versus
BETA-2 score as alternative assessment method. Statistical signifi-
cance set for P < 0.05.
*P < 0.05.
CV, coefficient of variation; GRI, glycemia risk index; TAR, time

above range; TBR, time below range; TIR, time in range; TITR,
time in tight range; TPIAT, total pancreatectomy with islet
autotransplantation.
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