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ABSTRACT

Background: Pancreatic neuroendocrine tumors (PanNETs) show heterogeneity, including temporal shifts in proliferation and
hormone production; however, their clinical implications remain uncertain.

Methods: This retrospective study included 114 patients with metastatic or recurrent PanNETSs at Kyushu University Hospital.
Paired specimens from 46 patients (27 synchronous metastases and 19 recurrences) were evaluated for Ki-67 index and tumor
grade. Proliferation change was defined as grade progression or a >10% absolute Ki-67 increase. Hormonal phenotype changes
were assessed in all patients.

Results: In metastases, mean Ki-67 increased from 12.3% to 16.4% (p=0.0043); 22.2% showed a >10% increase, and 33.3% pro-
gressed in grade. In recurrences, Ki-67 increased from 8.8% to 9.3% (p =0.8256); 15.8% showed a >10% increase, and 21.1% pro-
gressed in grade. Median progression-free survival was 7.8 months in metastases and 17.1 months in recurrences. Median overall
survival was significantly longer in the recurrence group (124.8 vs. 32.5months, p =0.003). Hormonal transformation occurred
in six patients (5.3%), mostly during progressive hepatic disease.

Conclusion: A subset of PanNETs exhibited increased proliferation of metastases or recurrence without detrimental survival
effects, possibly because of timely treatment adjustments. Rebiopsy may be useful for detecting proliferative changes, whereas
hormonal shifts highlight tumor heterogeneity and warrant continued clinical and biochemical monitoring.

1 | Introduction at diagnosis is one of the most powerful predictors of outcome,
with prior studies showing 5-year overall survival (OS) rates
Pancreatic neuroendocrine tumors (PanNETs) are heteroge- of approximately 89% for G1, 48% for G2, and nearly 0% for the

neous neoplasms in which the Ki-67 index is a key determinant overall G3 cohort that included both well-differentiated NET G3
of histological grade and treatment selection [1, 2]. Tumor grade and poorly differentiated neuroendocrine carcinomas (NEC)
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[3]. Among these, well-differentiated NET G3 demonstrates in-
termediate outcomes—worse than NET G1/G2 but better than
NEC—with median overall survival of approximately 22 months
in unresectable or metastatic cases [4] and 54.0months in re-
sected cases [5]. Consequently, the Ki-67 index is routinely used
in pathology reporting and clinical decision-making to guide
therapy selection [2, 5]. However, substantial intratumoral and
intertumoral heterogeneity can manifest as either spatial (differ-
ences between primary and metastatic sites) or temporal (evo-
lution over time) changes in the Ki-67 index or World Health
Organization (WHO) grade [6-9], potentially altering the prog-
nosis and therapeutic strategy. Whether to perform a rebiopsy in
the setting of disease progression remains an important clinical
question. However, the prognostic and therapeutic implications
of such changes are not fully understood.

Another under-recognized aspect of PanNET behavior is the
potential for hormonal phenotypic changes over the course of
the disease. PanNETSs can be classified as functional (hormone-
secreting, causing clinical syndromes) or non-functional. Few case
reports have documented non-functional NETs that later began
secreting hormones, or functional tumors that switched or added
new hormonal secretions as they advanced [10-12]. Although this
phenomenon is occasionally encountered in clinical practice, its
frequency, patterns, and impact remain poorly understood.

This study sought to evaluate intrapatient biological hetero-
geneity in PanNETs by assessing two distinct but potentially
interrelated features: proliferation changes, defined by either
WHO grade progression or an absolute Ki-67 increase of >10%,
and hormonal phenotype transformation. The >10% thresh-
old was chosen because PanNETs with higher Ki-67 within
the same WHO grade—particularly within the G2 range—are

increasingly recognized as having more aggressive clinical be-
havior, suggesting that reliance on grade categories alone may
underestimate clinically relevant changes [13, 14]. By analyzing
these parameters in paired primary and secondary lesions, this
study aimed to clarify their frequency, clinical significance, and
implications for patient management.

2 | Methods
2.1 | Patients and Data Collection

The retrospective study analyzed patients with PanNETs who
were treated at Kyushu University Hospital between January
1994 and December 2024. Among the 151 patients with met-
astatic or recurrent pancreatic neuroendocrine neoplasms,
those with non-pancreatic primary sites, genetic syndromes,
poorly differentiated neuroendocrine carcinomas, or mixed
neuroendocrine-non-neuroendocrine neoplasms were excluded,
leaving 114 eligible patients. Hormonal phenotypic shifts were
evaluated in all 114 patients. Within this group, 62 patients with
histologically confirmed metastases or recurrence were iden-
tified, and among them, 46 patients with paired primary and
secondary tumor specimens available for Ki-67 assessment (27
synchronous metastases and 19 metachronous recurrences)
were analyzed (Figure 1).

This study was approved by the Institutional Review Board of
Kyushu University Hospital (#23023-00), and the requirement
for informed consent was waived because of retrospective data
collection. Previously published case reports of VIPoma [15] and
ACTHoma [16] were incorporated into this broader analysis of
hormonal phenotypic changes.

(n=151)

Pancreatic neuroendocrine neoplasms
with metastasis or recurrence
treated between 1994 and 2024 at our hospital

Exclusion:
_| Non-pancreatic tumors

Hereditary syndromes
NEC, MiNEN

Pancreatic neuroendocrine tumors
with metastasis or recurrence
(n=114)

Assessment of
hormonal phenotype transformation

Synchronous metastasis

Metachronous recurrence

(n=80) (n=34)
v v
Paired specimens obtained (primary Patients with histologically
and metastatic sites) confirmed of recurrence
(n=40) (n=22)
......................... e e

Paired Ki-67 index available
(primary and metastasis)

(n=27)

Paired Ki-67 index available
(resected & recurrent)
(n=19)

Assessment of
proliferation change

FIGURE1 | Patient selection and subgroup classification flowchart.
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2.2 | Definitions

All tumor samples were reviewed by experienced pathologists.
The Ki-67 index was assessed by manually counting as many
cells as feasible (typically 500-2000 cells) in areas with the high-
est labeling [6]. The tumors were graded according to the 2019
WHO classification [1].

Change in proliferation was defined as either WHO grade pro-
gression or an absolute Ki-67 index increase of >10% between
the primary and secondary lesions. The hormonal phenotype
was classified as functional or non-functional based on the pres-
ence of characteristic hormonal symptoms with elevated serum
hormone levels (above the upper normal limit) and/or posi-
tive immunohistochemistry for the corresponding hormone.
Hormonal phenotype transformation was defined as a change
in the functional status or acquisition of new hormones during
the disease course.

OS was defined as the primary endpoint, representing the inter-
val from diagnosis (metastatic group) or recurrence (recurrent
group) to death or the last follow-up. Progression-free survival
(PFS)was defined as a supportive endpoint, defining the interval
from initiation of first-line (metastatic) or first post-recurrence
(recurrent) systemic therapy to disease progression or death.

2.3 | Statistical Analysis

Continuous variables are summarized as medians with inter-
quartile ranges, and categorical variables as counts and percent-
ages. Wilcoxon rank-sum test and Fisher's exact test were used
for comparison. Paired comparisons of Ki-67 indices were per-
formed using paired t-tests or Wilcoxon signed-rank tests, and
WHO grade shifts were analyzed using McNemar's test. Survival
analyses were conducted using the Kaplan—-Meier method and
compared using the log-rank test. Statistical significance was
defined as a p-value <0.05. All analyses were performed using
R version 4.5.0.

3 | Results
3.1 | Patient Characteristics

Forty-six patients with PanNETs and paired primary-secondary
tumor specimens were included (Figure 1): 27 with synchronous
metastases (metastatic group) and 19 with recurrence after cura-
tive resection (recurrent group). The clinical characteristics are
summarized in Table 1.

The metastatic group more frequently had pancreatic tail pri-
mary tumors and a higher baseline WHO grade. The proportion
of NET G3 was 33.3% and 5.3% in the metastatic and recurrent
groups, respectively. Liver involvement was universal in the
metastatic group, whereas 84.2% of the patients with recurrence
had liver involvement. Curative resection was performed in all
patients with recurrence, but in only four (14.8%) of the patients
with metastases. The median follow-up duration was longer in
the recurrent group (49.6 months) than in the metastatic group
(18.6 months).

When comparing overall outcomes between groups, the recur-
rent group had significantly longer OS (median OS 124.8 months
[56.1-NA]) than the metastatic group (32.5months [20.2-NA],
p=0.003), although median PFS was not statistically differ-
ent (17.1months [13.7-NA] vs. 7.8 months [5.8-NA], p=0.2)
(Figure 2). In the metastatic cohort, two patients underwent
curative resection and remained disease-free without receiv-
ing systemic therapy; because PFS was defined from initiation
of systemic therapy, these patients were excluded from the PFS
analysis (n=25 for PFS curves), whereas all 27 metastatic pa-
tients were included in the OS analysis.

3.2 | Changes in the Ki-67 Index and WHO Grade
Between Primary and Secondary Lesions

In the metastatic group, the mean Ki-67 index increased
from 12.3% in primaries to 16.4% in metastases (p=0.0043)
(Figure Sla and Table 2), with a >10% absolute increase in Ki-
67 index in six of 27 patients (22.2%). Overall, 59.3% showed an
increase, whereas five patients (18.5%) showed a decrease.

In the recurrent group, the Ki-67 indices remained stable on
average (8.8% vs. 9.3%, p=0.8256) (Figure S1b and Table 2). A
>10% increase in Ki-67 index was observed in three of 19 pa-
tients (15.8%). The overall trends were more variable: 36.8%
of patients showed an increase, 26.3% showed a decrease, and
36.8% remained stable.

WHO grade shifts (Figure Slc,d; Table 2; Table S1) occurred
in 33.3% of the patients with metastases (most often G1 - G2
or G2 - G3) versus 21.1% of the patients with recurrence (all
G1 - G2, no G2 — G3). In the metastatic group, none of the tested
variables significantly predicted an increase in cell proliferation
(Table S2). In the recurrent group, G2 or G3 primary tumors
were significantly associated with a lower risk of increased pro-
liferation (OR 0.04, p=0.019), most likely because higher-grade
tumors have limited potential for additional upward grade shifts
(Table S3).

Because most Ki-67 assessments in the metastatic group were
derived from biopsy specimens, whereas resected samples were
used in the recurrent group, these methodological differences
should be considered when interpreting the comparison of Ki-67
indices between groups.

3.3 | Survival Outcomes by Proliferation Change

Survival analyses stratified by increased proliferation are shown
in Figure 3. In the metastatic group, Ki-67 expression and
grade increase were not significantly associated with poor OS
(p=0.3) or PFS (p=0.6). Similarly, in the recurrent group, post-
recurrence OS and PFS did not differ significantly according to
the proliferation status (p =1 and 0.3, respectively).

The OS advantage of the recurrent group compared with the
metastatic group (Figure 2) persisted regardless of the prolifer-
ation change status, suggesting that the baseline disease extent
exerts a stronger influence on long-term outcomes than changes
in Ki-67 or grade alone.
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TABLE1 | Clinical and pathological characteristics of included patients.

Characteristics

Metastatic group (n=27)

Recurrent group (n=19)

Age at diagnosis, median (range)
Sex
Man
Women
Functionality
Functioning
Non-functioning
Primary tumor location
Pancreatic head
Pancreatic body
Pancreatic tail
Diffuse
Primary tumor size, median (range) (mm)
WHO Grade (at diagnosis)?
NET G1
NET G2
NET G3
Stage (at diagnosis)
Stage I
Stage I1
Stage III
Stage IV
Not available
Metastatic/recurrent site®
Liver
Lymph node
Peritoneum
Bone
Other
Pancreas
Specimen acquisition method (primary)
EUS-TA
Resection
Percutaneous biopsy
Endoscopic biopsy (gastric invasion)
Specimen site (metastasis/recurrence)®
Liver

Lymph node

58.5 (21-86)

15 (55.6)
12 (44.4)

5(18.5)
22 (81.5)

10 (37.0)
2(7.4)
14 (51.9)
1(3.7)

36.0 (10.0-130.0)

2(7.4)
16 (59.3)
9(33.3)

0(0)
0(0)
0(0)
27 (100)
0(0)

S NN

21(80.8)
4(14.8)
13.7)
1(3.7)

27 (100)
0(0)

55.8 (38-82)

7(36.8)
12 (63.2)

3(15.8)
16 (84.2)

10 (52.6)
2(10.5)
7(36.8)
0 (0)
34.0 (12.0-56.0)

6 (31.6)
12 (63.2)
1(5.3)

2(10.5)
6 (31.6)
7(36.8)
3(15.8)
1(5.3)

N O O O wm

0(0)
19 (100)
0(0)
0(0)

17 (89.5)
2(10.5)

(Continues)

Journal of Hepato-Biliary-Pancreatic Sciences, 2025

85UB017 SUOWILWIOD 3A 181D 3|t jdde 8y} Aq pausenof a1e Sapiie YO ‘88N JO S9IN1 10} ARIG1T 8UIIUO AB|IA UO (SUORIPUOD-PUR-SLLBYW0D" A8 | 1M A0 1 BU1IUO//SANY) SUORIPUOD PUe SWS L 83 88S *[5202/2T /2] uo Ariqiauliuo A|im ‘AiseAlun nusnAy Aq 8200.°daul/200T 0T/10p/woo A8 |mAReiq Ul |uo//Sdiy Woiy papeojumoq ‘0 ‘Z869898T



TABLE1 | (Continued)

Characteristics Metastatic group (n=27) Recurrent group (n=19)
Pancreas 0(0) 2(10.5)
Stomach 0(0) 1(5.3)

Specimen acquisition method (metastasis/recurrence)®
Percutaneous biopsy (liver metastasis) 22 (81.5) 12 (63.2)
Hepatic metastasectomy 5(18.5) 3(15.8)
Lymph node metastasectomy 0(0) 2(10.5)
EUS-TA (liver) 0(0) 1(5.3)
EUS-TA (pancreas) 0(0) 1(5.3)
EUS-TA (lymph node) 0(0) 1(5.3)
Pancreatic metastasectomy 0(0) 1(5.3)
Gastric metastasectomy 0(0) 1(5.3)

1st line treatment
SSA 4(14.8) 9 (47.4)
Target therapy + SSA 12 (44.9) 8(42.1)
Chemotherapy + SSA 10 (37.0) 2(10.5)
Surgery 1(3.7) 0(0)

Recurrence free survival, months (median [95% CI])

Median follow-up time, months (range)

— 36.6 [28.3-66.8]

18.6 (5.3-85.5) 49.6 (5.7-209.2)

Abbreviations: CI, confidence interval; EUS-TA, endoscopic ultrasound-guided tissue acquisition; NET, neuroendocrine tumor; SSA, somatostatin analogs.
2For the metastatic group, tumor grade was based on findings at diagnosis, while for the recurrent group, tumor grade was determined from the resected specimen.
The 8th edition of the Union for International Cancer Control tumor-node-metastasis classification.

¢Overlapping.
Metastasis/ Median PFS
recurrence [95%CI] (months)
a == Metachronous n=19 17.1[13.7-NA]
~ recurrence
O
Q\. = Synchronous n=25 7.8 [5.8-NA]
2075 metastasis
E Log-rank; p=0.3
g 0.50] -weeeeeee
9
Q
o 025
w | I—
Q
0.00

0 12 24 36 48 60
First-line PFS (Months)

Metastasis/ MST [95%Cl]
recurrence (months)
b = Metachronous n=19 124.8 [56.1-NA]
1.00 recurrence
-~
g\"_ == Synchronous n=27 32.5 [20.2-NA]
> 0.75 metastasis
E I—Lng-rank; p=0.003
® 0.50
3
A
Q25
(2]
(o]
0.00

0 60 120
OS from unresectable state or recurrence (Months)

FIGURE 2 | Survival outcomes in the metastatic group vs. the recurrent group. (a) Progression-free survival and (b) overall survival stratified

by disease presentation (metastatic vs. recurrent). In the metastatic cohort, two patients underwent curative resection and did not receive systemic
therapy; these patients were excluded from the PFS analysis (n=25) but included in the OS analysis (n =27).

3.4 | Hormonal Phenotype Transformation

Across the entire cohort (n=114), six patients (5.3%) exhibited
hormonal phenotype changes during the disease course (Table 3
and Figure 4). Four patients with initially non-functional tu-
mors became functional (three VIPomas, one ACTHoma), and
two gastrinomas acquired ACTH production. These changes
occurred years after diagnosis, often during progressive he-
patic disease and after multiple systemic therapies. These shifts

highlight the dynamic clinical behavior of PAnNETs and the im-
portance of ongoing biochemical and clinical surveillance.

4 | Discussion
This study retrospectively analyzed 46 patients with PanNETs

who had both primary and secondary lesions pathologically
evaluated to elucidate the clinical significance of intrapatient
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TABLE 2 | Comparison of the Ki-67 index between primary and
metastatic/recurrent lesions.

Primary Metastatic
Parameter lesion lesion P
Ki-67 index, 12.3+13.4 16.4+15.5 0.0043
mean +SD (%)
Ki-67 index, 5.0 (3.5, 10.0 (5.0,
median (IQR) (%) 16.5) 26.4)
Comparison of Ki-67 Index, n (%)
Increased in — 16 (59.3)
metastasis
Unchanged — 6(22.2)
Decreased in — 5(18.5)
metastasis
Grade increase, n (%)
Upgrade in — 9(33.3)
metastasis
Unchanged — 17 (63.0)
Downgrade in — 1(3.7)
metastasis
Ki-67 index, 8.8+8.7 9.3+6.7 0.8256
mean +SD (%)
Ki-67 index, 6.0 (1.0, 8.0 (3.0, 15.0)
median (IQR) (%) 15.0)
Comparison of Ki-67 Index, n (%)
Increased in — 7 (36.8)
recurrence
Unchanged — 5(26.3)
Decreased in — 7 (36.8)
recurrence
Grade increase, n (%)
Upgrade in — 4(21.1)
recurrence
Unchanged — 12 (63.2)
Downgrade in — 3(15.8)

recurrence

Abbreviations: IQR, interquartile range; SD, standard deviation.

changes in tumor proliferation. Furthermore, hormonal phe-
notypic shifts in a broader cohort of 114 patients with meta-
static or recurrent disease were assessed. Taken together, our
study provides real-world insights into the biological evolu-
tion of PanNETSs over the course of the disease and its clinical
implications.

Among the 46 patients with paired specimens, approximately
one-third of those with synchronous metastases demonstrated
WHO grade progression in the metastatic lesion, and over
half showed an increase in Ki-67 index, with 22.2% showing a

>10% absolute rise. These differences primarily represent spa-
tial heterogeneity, reflecting variations in proliferative activity
between distinct tumor sites at a single time point, rather than
true temporal evolution. In contrast, changes observed in the
recurrent group more accurately reflect temporal heterogeneity,
indicating biological evolution over time. This finding supports
prior reports that grade discordance between primary and met-
astatic PanNETs occurs in approximately 20%-30% of patients
with PanNETs [17, 18], underscoring the biological divergence
that may arise during disease spread. These data highlight that
metastatic lesions cannot be assumed to retain the same grade
or proliferative activity as the primary tumor and reinforce the
clinical value of reassessing tumor biology at the metastatic
site. However, because most Ki-67 evaluations in the metastatic
group were based on biopsy samples, intratumoral heterogeneity
may not have been fully captured, potentially leading to under-
estimation of proliferative activity in some cases [6, 8]. In con-
trast, patients with metachronous recurrence following surgical
resection exhibited more heterogeneous patterns, with fewer pa-
tients (21.1%) showing grade progression (from G1 to G2). This
is somewhat lower than the 34% rate of grade increase reported
by Merola et al. in a large multicenter cohort of recurrent GEP-
NETs [19], although their population had a higher proportion of
G1 tumors (median Ki-67, 3%) than ours (median, 6.0%), which
may account for this difference.

Importantly, patients with metachronous recurrence were
found to have a markedly longer OS than those presenting with
synchronous metastases (median 124.8 vs. 32.5months). To our
knowledge, no previous study has directly compared survival
between these two clinical scenarios in PanNETs. Worse prog-
nosis in the metastatic group may reflect both a higher burden
of disease and a greater prevalence of G3 tumors at presentation.
However, whether this distribution truly represents the inherent
biological aggressiveness of synchronous metastatic PanNETSs
or is merely a result of selection bias and the limited sample size
of our cohort remains uncertain. This observation underscores
that metastatic and recurrent cohorts should not be lumped to-
gether for prognostic analyses and suggests that thorough sam-
pling and grading of metastatic lesions are essential for optimal
management.

Despite frequent increases in proliferation, no significant differ-
ences in OS or PFS were observed between patients with and
without an increase in Ki-67 or grade. This contrasts with prior
studies, such as that by Keck et al. which showed worse survival
in patients with grade discordance between primary and me-
tastasis [17, 20]. Several factors could explain this discrepancy.
First, the sample size was limited; thus, it was underpowered
to detect modest differences in survival. Second, therapeutic
intensification in response to biopsy-proven progression likely
mitigates any prognostic disadvantages. In our practice, the iden-
tification of a higher Ki-67 index or grade typically triggers early
treatment escalation, including the addition of chemotherapy or
targeted agents, such as everolimus. All recurrent patients with
an increase in Ki-67 or grade in our cohort received intensified
therapy, whereas many patients without such changes remained
on somatostatin analogs alone. This adaptive management
likely narrowed the survival gap between biologically distinct
groups, exemplifying the well-described “treatment paradox,” a
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FIGURE 3 | Survival outcomes stratified by Ki-67 index or WHO grade increase. (a) Progression-free survival and (b) overall survival in the
metastatic group stratified by presence vs. absence of Ki-67 or grade increase. (c) Progression-free survival and (d) post-recurrence survival in the

recurrent group stratified by presence vs. absence of Ki-67 or grade increase. CI, confidence interval; MST, median survival time; NA, not available;

0S8, overall survival; PFS, progression-free survival. In the metastatic cohort, two patients underwent curative resection and did not receive systemic

therapy; these patients were excluded from the PFS analysis (n=25) but included in the OS analysis (n =27).

phenomenon in which the identification of a high-risk feature
prompts interventions that reduce its impact on outcomes.

In the overall cohort of 114 patients with metastases or recur-
rence, our observation of hormonal phenotype transforma-
tion in six patients (5.3%) highlights the functional plasticity
of PanNETs. These findings warrant further discussion given
their implications for disease monitoring and treatment strat-
egies. Phenotypic changes, including the acquisition of ectopic
ACTH or VIP secretion, occur late in the disease course, often
accompanied by progressive liver metastases and treatment
resistance. Previous reports have described similar transitions
in advanced NETs, suggesting that subclonal evolution under
therapeutic pressure may drive novel hormone production
[10, 21]. Importantly, such transformations frequently present
as emergent clinical syndromes such as Cushing's syndrome or
secretory diarrhea, which require immediate multidisciplinary
intervention. This emphasizes the need for continuous moni-
toring of new hormonal symptoms in patients with previously
non-functional or gastrin-producing tumors. Moreover, these
observations illustrate the profound dimension of tumor het-
erogeneity, not only in proliferative indices but also in endo-
crine function, underscoring the complex biology of PanNETs.
Further studies are warranted to elucidate the molecular drivers
of hormonal switching, which may serve as prognostic mark-
ers and potential therapeutic targets. These findings reinforce
the importance of longitudinal clinical and pathological assess-
ments, including rebiopsy, in patients with clinical deteriora-
tion [21].

Our results emphasize the potential clinical value of rebiopsy
for the progression of PanNETs. Updated histopathological as-
sessment may assist in selecting the most appropriate treatment
strategy and in optimizing therapeutic decision-making, even in
the absence of radiological progression. Furthermore, vigilance
for new hormonal symptoms is warranted throughout follow-up,
as functional changes can arise independently of proliferative
changes. Multidisciplinary care involving endocrinologists and
oncologists is essential to manage such patients.

The strengths of this study include the availability of paired
pathological samples, long-term follow-up, and the inclusion of
hormonal phenotype data from the entire metastatic/recurrent
cohort. However, several limitations should be acknowledged,
including the relatively small sample size and potential selec-
tion bias (only patients undergoing rebiopsy were included).
Systemic therapies for PanNETs evolved substantially over the
three decades covered by this study; this treatment-era hetero-
geneity may limit the interpretability of PFS over time. While
multiple era cut-offs could be justified, the case distribution
across eras was imbalanced, precluding a statistically meaning-
ful stratified analysis. We therefore emphasized OS as a more ro-
bust indicator of long-term outcomes. Larger prospective studies
are warranted to validate whether quantitative Ki-67 changes or
hormonal phenotypic shifts can serve as reliable prognostic and
treatment markers.

In conclusion, intrapatient increases in Ki-67 expression and
WHO grades occur in a substantial proportion of PanNETs and
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FIGURE4 | Timeline of hormonal phenotype transformation in six PanNET patients. Each row represents an individual patient with functional
transformation during the clinical course. The colored bars indicate the duration and type of systemic therapy used. Diamonds indicate the emer-
gence of new hormonal syndromes (VIPoma and ACTHoma). The cross-symbols indicate death. This figure illustrates the delayed onset of hor-

monal shifts frequently observed in advanced disease with liver-dominant progression. ACTHoma, adrenocorticotropic hormone-producing tumor;

NF, non-functioning tumor; PanNET, pancreatic neuroendocrine tumor; PRRT, peptide receptor radionuclide therapy; SSA, somatostatin analog;

VIPoma, vasoactive intestinal peptide-producing tumor.

may reflect the evolution of tumor biology. Moreover, a marked
difference was observed in OS between patients with synchro-
nous metastasis and metachronous recurrence, with significantly
worse metastatic presentations despite similar treatment modal-
ities. In a broader cohort, hormonal phenotype shifts, although
infrequent, further highlight the functional heterogeneity of these
tumors. The absence of a survival impact in our study likely re-
flects timely treatment adaptations based on the updated patho-
logical findings. These results suggest that rebiopsy of progressive
lesions may aid in optimizing treatment strategies and underscore
the importance of continued clinical vigilance for new hormonal
symptoms. Larger prospective studies are warranted to vali-
date the prognostic and therapeutic implications of quantitative
changes in Ki-67 expression and functional transformations.
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distribution of increase, decrease, and stability was observed. (c) WHO
grade shifts in the metastatic group. G1 - G2 and G2 — G3 transitions
were the predominant patterns. (d) WHO grade shifts in the recurrent
group. Only G1 — G2 progression occurred; no G2 — G3 changes were
observed. Table S1: Comparison of tumor grades between primary and
metastatic/recurrent Lesions. Table S2: Univariate analysis of factors

associated with grade/Ki-67 Index (>10%) increase in metastatic le-
sions. Table S3: Univariate analysis of factors associated with grade/
Ki-67 Index (>10%) increase in recurrent lesions.

10

Journal of Hepato-Biliary-Pancreatic Sciences, 2025

85UB017 SUOWILWIOD 3A 181D 3|t jdde 8y} Aq pausenof a1e Sapiie YO ‘88N JO S9IN1 10} ARIG1T 8UIIUO AB|IA UO (SUORIPUOD-PUR-SLLBYW0D" A8 | 1M A0 1 BU1IUO//SANY) SUORIPUOD PUe SWS L 83 88S *[5202/2T /2] uo Ariqiauliuo A|im ‘AiseAlun nusnAy Aq 8200.°daul/200T 0T/10p/woo A8 |mAReiq Ul |uo//Sdiy Woiy papeojumoq ‘0 ‘Z869898T


https://doi.org/10.3389/fonc.2020.555963
https://doi.org/10.3389/fonc.2020.555963
https://doi.org/10.2169/internalmedicine.54.3772
https://doi.org/10.5732/cjc.012.10295
https://doi.org/10.1038/s41598-025-04356-y
https://doi.org/10.1016/j.pan.2020.04.003
https://doi.org/10.1507/endocrj.EJ22-0111
https://doi.org/10.1007/s12328-023-01908-5
https://doi.org/10.1245/s10434-017-5899-y
https://doi.org/10.1245/s10434-017-5899-y
https://doi.org/10.1530/ERC-24-0321
https://doi.org/10.1530/ERC-24-0321
https://doi.org/10.1111/jne.13193
https://doi.org/10.1111/jne.13193
https://doi.org/10.1530/ERC-24-0203
https://doi.org/10.1530/ERC-24-0203
https://doi.org/10.1210/jc.2015-2436
https://doi.org/10.1210/jc.2015-2436

	Clinical Implications of Ki-67 Index, Grade and Hormonal Changes in Pancreatic Neuroendocrine Tumors: Insights Into Tumor Heterogeneity Based on Primary and Secondary Lesions
	ABSTRACT
	1   |   Introduction
	2   |   Methods
	2.1   |   Patients and Data Collection
	2.2   |   Definitions
	2.3   |   Statistical Analysis

	3   |   Results
	3.1   |   Patient Characteristics
	3.2   |   Changes in the Ki-67 Index and WHO Grade Between Primary and Secondary Lesions
	3.3   |   Survival Outcomes by Proliferation Change
	3.4   |   Hormonal Phenotype Transformation

	4   |   Discussion
	Acknowledgments
	Ethics Statement
	Consent
	Conflicts of Interest
	Data Availability Statement
	References


