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Infiltration pattern predicts metastasis and progression better
than the T-stage and grade in pancreatic neuroendocrine
tumors: a proposal for a novel infiltration-based morphologic
grading
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The advancing edge profile is a powerful determinant of tumor behavior in many organs. In this study, a grading system assessing
the tumor-host interface was developed and tested in 181 pancreatic neuroendocrine tumors (PanNETs), 63 of which were <=2 cm.
Three tumor slides representative of the spectrum (least, medium, and most) of invasiveness at the advancing edge of the tumor
were selected, and then each slide was scored as follows. Well-demarcated/encapsulated, 1 point; Mildly irregular borders and/or
minimal infiltration into adjacent tissue, 2 points; Infiltrative edges with several clusters beyond the main tumor but still relatively
close, and/or satellite demarcated nodules, 3 points; No demarcation, several cellular clusters away from the tumor, 4 points;
Exuberantly infiltrative pattern, scirrhous growth, dissecting the normal parenchymal elements, 5 points. The sum of the rankings
on the three slides was obtained. Cases with scores of 3–6 were defined as “non/minimally infiltrative” (NI; n= 77), 7–9 as
“moderately infiltrative” (MI; n= 68), and 10–15 as “highly infiltrative” (HI; n= 36). In addition to showing a statistically significant
correlation with all the established signs of aggressiveness (grade, size, T-stage), this grading system was found to be the most
significant predictor of adverse outcomes (metastasis, progression, and death) on multivariate analysis, more strongly than T-stage,
while Ki-67 index did not stand the multivariate test. As importantly, cases <=2 cm were also stratified by this grading system
rendering it applicable also to this group that is currently placed in “watchful waiting” protocols. In conclusion, the proposed
grading system has a strong, independent prognostic value and therefore should be considered for integration into routine
pathology practice after being evaluated in validation studies with larger series.
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INTRODUCTION
Tumor characteristics at the advancing edge of a neoplasm have
been shown to be a very strong and reliable indicator of its
biological behavior, including the propensity for dissemination. In
endocrine organs such as the thyroid gland, where tumors are
fairly common and thus are well studied for decades, the
interaction of the tumor with the peripheral host tissues has
been well-established1–3. In fact, this is not only one of the most
reliable prognosticators, but actually also serves as the sole
determinant in classifying a thyroid tumor as benign versus
malignant in many cases; the diagnosis of follicular adenoma

versus minimally invasive carcinoma versus widely invasive is
largely based on the tumor-host interface4.
Advancing edge profile of neoplasms is being increasingly

recognized and incorporated into management algorithms in
other organs as well. For example, in gastrointestinal tract
neoplasms, budding is one of the strongest prognosticators5–10.
The findings of the invasion pattern vary by the organ. In the
lungs, “STAS” (spread through air spaces) has been recently shown
to be an important indicator of behavior11 and this is also now
incorporated into routine reporting similar to other organs12. Even
for pancreatic ductal adenocarcinomas, a classification system has
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been suggested by Japanese investigators based on the growth
pattern13.
For pancreatic neuroendocrine tumors (PanNETs), infiltrating

edge of the tumor was noted to be a potential indicator of
behavior in some studies14. Recently, the presence of fibrous
tissue within the tumor itself was also found to have a correlation
with behavior15. However, the value of evaluation of the patterns
of infiltration at the leading edge of a PanNET has not been
studied systematically. One of the challenges has been the
assessment of the degree of invasiveness when there is the
heterogeneity of patterns in the tumor.
Prognostication of PanNETs and placement of patients into

appropriate management protocols have been challenging.
T-stage (mostly based on the tumor size) and grade (based on
proliferative activity including Ki-67 and mitosis) have been
regarded as the key prognostic factors; however, their value has
been surprisingly limited16–18. Recently, for non-functional

PanNETs that are smaller than 2 cm, a “watchful-waiting” approach
has been proposed. However, this protocol was based on studies
with limited follow-up, and there are major concerns regarding
this approach because at least 10% of such cases prove to have
metastasis if resected, and it is believed that many more will
progress in follow-up. Unfortunately, there are currently no
reliable factors to distinguish the cases that are more likely to
progress, although recent evidence highlighted some molecular
alterations such as DAXX mutations and ALT (“alternative
lengthening of telomeres”) status associated with an increased
risk of metastasis in small PanNETs19.
In this study, we devised a relatively simple scoring system in

scaling the invasiveness at the advancing edge of PanNETs,
incorporating tumoral heterogeneity in different sections, and
investigated the clinicopathologic associations of this system with
the established signs of aggressiveness as well as its potential
value as an independent prognostic parameter.

MATERIALS AND METHODS
Case selection
This study was approved by the respective institutions’ review boards.
Surgical pathology archives were searched for resected PanNETs. All
diagnostic slides were culled and reviewed. Demographic and clinical
information was obtained from pathology reports and institutions’
databases. Survival data were retrieved from National Death Notification
System or by contacting the primary physicians of the patients.

Classification based on the infiltration pattern at the
advancing edge
The principles of this proposed classification scheme were extrapolated
from those used in colon20,21, a modified version of which has also been
applied to the ampulla22. To minimize subjectivity and to maximally
capture heterogeneity, a summative scoring system was developed as
follows: Initially, three tumor slides representative of the spectrum (least,
medium, and most) of peripheral infiltration were selected by eye-balling
evaluation of the slides with tumor. Following that, the infiltration pattern
was ranked microscopically from 1 to 5 (See diagram in Fig. 1; also detailed
below) for each of the three selected slides of each case. For each selected
slide, the highest infiltration pattern was considered, even if this infiltration
was focal. The cases were evaluated by three of the authors (MDR, PB, and
VA) who had also devised the scoring protocol in consensus evaluation of
the cases. An interobserver agreement analysis was conducted separately
to determine the reproducibility level (see the section below) in which two

Fig. 1 Diagram illustrating different infiltration patterns and
respective points designated. 1: Fully demarcated round and/or
fully capsulated tumor. 2: Tumors with mildly irregular borders with
early capsular penetration, in forms of clusters of cells minimally
traversing beyond the imaginary line of the boundaries of the tumor
but still mostly adjacent to or connected to the parent tumor. 3: The
infiltration is observed either as large satellite nodules and/or
irregular projections and small cluster spread into peri-tumoral
regions but still relatively close and connected to the main lesion. 4:
Infiltration into peri-tumoral region as small clusters/irregular units,
but without extensive infiltration far away from tumor. 5: No
demarcation; tumor with prominent infiltrative pattern, with many
clusters away from main tumor and infiltration/dissection between
normal elements or extensive infiltration into soft tissues.

Fig. 2 Tumor infiltration pattern scored as 1 point. A fully demarcated round tumor and (A) with non-infiltrative borders (B).
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other authors also participated (OT and BS) in order to establish the
usability of the criterion by various different observers.
—1 point: Fully demarcated round and/or fully capsulated tumor (Figs. 2

and 3).
—2 points: Irregular borders with early capsular penetration in forms of

clusters of cells minimally traversing beyond the imaginary line of the
boundaries of the tumor but still mostly adjacent to or connected to the
parent tumor (Fig. 4).

—3 points: Infiltrative edges, with the pattern of infiltration either as
large satellite nodules and/or irregular projections and small clusters
spread into peri-tumoral regions but still relatively close and connected to
the main lesion (Fig. 5).
—4 points: Effacement of demarcation; infiltration into the peri-tumoral

region as separate small clusters/irregular units, but without extensive
infiltration far away from the tumor (Fig. 6).

Fig. 3 Tumor infiltration pattern scored as 1 point: A fully demarcated tumor with thin (A) or thick (B) capsule.

Fig. 4 Tumor infiltration pattern scored as 2 points: Tumors with mildly irregular borders with early capsular penetration (A), in forms of
clusters of cells minimally traversing beyond the imaginary line of the boundaries of the tumor (B) but still mostly adjacent to or connected to
the parent tumor.

Fig. 5 Tumor infiltration pattern scored as 3 points: The infiltration is observed either as large satellite nodules (A), and/or irregular
projections and small clusters spread into peri-tumoral regions but still relatively close and connected to the main lesion (B).

Fig. 6 Tumor infiltration pattern scored as 4 points: Infiltration into peri-tumoral region as small clusters/irregular units, but without
extensive infiltration far away from tumor (A and B).
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—5 points: Total lack of demarcation; tumor with the prominent
infiltrative pattern, with many clusters away from the main tumor and
infiltration/dissection between normal acinar or isletic elements or
extensive infiltration into soft tissues (Fig. 7).
The sum of the three rankings of each case (from 3 to 15) was defined as

the case’s score. Cases with scores of 3–6 were defined as “non/minimally
infiltrative (NI)”, 7–9 as “moderately infiltrative (MI)”, and 10–15 as “highly
infiltrative (HI)”.

Testing of the interobserver agreement
This summative scoring system was devised to minimize the subjectivity of
the interpretation such that it is practical and applicable by practicing
pathologists. Nevertheless, in order to assess the interobserver agreement,
33 random cases were selected and re-evaluated by 3 of the observers and
a reproducibility analysis was conducted by using Fleiss Kappa and
Cronbach’s alpha coefficient.

Fig. 7 Tumor infiltration pattern scored as 5 points: No demarcation; tumor with prominent infiltrative pattern, with many clusters away
from main tumor and infiltration/dissection between normal acinar (A) or isletic elements or extensive infiltration into soft tissues (B).

Fig. 8 Macroscopic reflections of respective categories: Non/minimal infiltrative examples showing round well demarcated tumors with
smooth contours (A, B). Moderately infiltrative tumors characterized by irregularities at the borders showing infiltration beyond the
boundaries of the main mass even though some maintaining a round architecture (C; infiltration at the upper right edge of the tumor),
whereas some exhibiting more ill-defined appearance (D). Highly infiltrative tumors lacking demarcation and roundness, and instead showing
a pattern characteristic of scirrhous-infiltrative neoplasms, mimicking pancreatic ductal adenocarcinoma (E, F).
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Assessing the heterogeneity in the advancing edge
To obtain a general idea about the magnitude of heterogeneity of this
parameter, the degree of variation in the grades between the three slides
were analyzed arbitrarily and semi-quantitatively as follows:
A case was considered:
—Homogenous, if all three slides showed the same pattern (for

example, 1+ 1+ 1). In other words, the difference between the
slides was 0.
—Mildly heterogeneous, if the difference between the minimum and

maximum scores was only one (for example, 3+ 3+ 4, 4+ 4+ 5).
—Moderately heterogeneous, if each slide showed a different invasive-

ness level (for example, 3+ 4+ 5), or there was at least 2 degree difference
between any two slides (for example, 1+ 1+ 3).
—Markedly heterogeneous, if there was at least a 3 degree jump

between scores (for example, 1+ 1+ 4 or 1+ 3+ 5).

Clinicopathologic parameters
The demographic information (age and gender) was extracted for each
patient. The Ki-67 proliferation index and associated grade (G1–G3) were
calculated using WHO-2019 criteria. The Ki-67 count was performed by
using the manual quantification method previously described23. The size of
the tumor was recorded from the macroscopic findings and verified by
histologic examination. The pathologic stage was determined per the AJCC
8th edition, 2018. Follow-up information was obtained from patients’
charts or direct communication with their physicians.

Correlative analysis
Correlations were investigated between these groups and different clinical
and pathologic parameters, (i.e., tumor size, T stage, clinical stage, lymph node
metastasis, liver/distant metastasis, and Ki-67 proliferation index). Tumors with
a size <=2 cm were additionally analyzed as a separate subset because
currently “watchful-waiting” is being widely employed for these cases24.
Additionally, multivariate analysis was performed to test the indepen-

dence of association of this proposed grading system with adverse
behavior (lymph node metastasis, liver metastasis, recurrence, and death
from disease) in comparison with namely grade and stage. Separately, a
multivariate analysis was also performed taking only distant metastasis and
disease-related death as the endpoints, while excluding lymph node
metastasis. Of note, both metastases found at the time of resection as well
as those that were discovered in follow-up were evaluated as adverse
outcome events with the idea that the timing of their discovery is
multifactorial (also dependent on the variably successful diagnostic

modality approaches employed) and this timing may not necessarily
reflect the biology of the disease but their mere occurrence does.

Statistical analysis
Descriptive statistics were presented to define continuous variables. The
normality of continuous variables was investigated by Shapiro-Wilk’s test.
The χ2 test was used for categorical variables along with Fisher Exact test,
when applicable. Logistic regression was used to evaluate the effect of
independent variables (which are found statistically significant at
univariate analysis) on a dependent variable. Statistical significance was
accepted when p-value was lower than 0.05. Statistical analysis was
performed using the IBM Corp. Released 2010. IBM SPSS Statistics for
Windows, Version 26.0. Armonk, NY: IBM Corp.

RESULTS
Clinicopathologic data of the entire cohort
A total of 181 cases were analyzed. Except for two patients who
presented with the clinical findings of insulinoma, none of the
patients were known to have any specific syndrome or documented
evidence of functionality. The female to male ratio was 1.2:1. The
mean age of patients was 55 ± 14.9 years (range 17–84 years). The
mean tumor size was 3.5 ± 2.3 cm (range: 0.5–11 cm). The mean Ki-67
index was 6.3 ± 11.8%. Based on the Ki-67 and mitotic index 54, 40,
and 6% of the cases were graded as G1, G2, and G3. According to the
current TNM classification, 33%, 28%, 38%, and 1% of tumors were
staged as pT1, pT2, pT3, and pT4, respectively12.
At the time of resection, 31% of the cases had lymph node

metastasis and 21% liver/distant metastasis. Among those with
available clinical information (n= 155), at a median follow-up of
34 months, 13 patients died of disease-related causes.

Distribution of invasion patterns and their clinicopathologic
associations
Applying the histopathologic infiltration grade system devised, 77
cases were qualified as non/minimally infiltrative (NI; score 3–6),
68 were moderately infiltrative (MI; score 7–9), and 36 were highly
infiltrative (HI; score 10–15), respectively. See Fig. 8 for the gross
representation of cases qualified for these categories.

Table 1. Univariate analysis of correlation of new classification with the clinicopathologic features of aggressiveness in PanNETS.

Non/minimally infiltrative
(score 3-6)

Moderately infiltrative
(score 7–9)

Highly infiltrative
(score 10-15)

p-value

n (%) 77 (43%) 68 (37%) 36 (20%)

Mean age, year (SD) 53.8 (14.5) 56.1 (15.1) 52.3 (17.1) 0.534

F/M 1.3 1.1 1.2 0.854

Grade (%) <0.001

G1 71% 52% 23%

G2 26% 43% 62%

G3 3% 5% 15%

Mean Ki-67 (SD) 3.6 (4.6) 6.6 (13.5) 9.5 (9.9) <0.001

Mean size, cm (SD) 3 (2) 3.4 (2.3) 4 (2.4) 0.095

T stage (%) 0.031

T1 39% 38% 14%

T2 33% 21% 31%

T3 28% 41% 52%

T4 0% 0% 3%

Presence of PNI (%) 15% 23% 69% <0.001

Presence of VI (%) 31% 47% 71% <0.001

Lymph node metastasis (%) 12% 36% 62% <0.001

Liver/distant metastasis (%) 12% 22% 39% 0.015

Bold values indicate statistical significance p < 0.05.
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At univariate analysis, there was a statistically significant direct
correlation between the infiltration score and signs of aggressive-
ness in every parameter analyzed—except for mean tumor size—,
each progressively increasing from NI, to MI, to HI. Table 1 reports
detailed clinicopathologic features and comparative analysis.

Tumors <=2 cm
Sixty-three tumors were <=2 cm. Among those, 28 were qualified
as NI (score 3–6), 27 as MI (score 7–9), and 8 as HI (Score 10–15). In
12 cases (19%; 1/28 from NI, 7/27 from MI, and 4/8 from HI), lymph
node metastasis and/or distant/liver metastasis and/or death from
the disease occurred.
At univariate analysis, there was a statistically significant direct

correlation between the infiltration score and perineural, vascular
invasion and the occurrence of adverse outcomes, each progressively
increasing from NI, to MI, to HI, in this <=2 cm group as well. Table 2
reports detailed clinicopathologic features and comparative analysis.

Reproducibility of the scoring system
The kappa value for the interobserver agreement analysis was 0.526.
Reliability between three observers was found at 0.913 level using
Cronbach’s alpha coefficient, which is regarded as “excellent”.

Multivariate analysis
Multivariate analysis was performed to determine the correlation
with adverse outcomes. The presence of lymph node metastasis,
distant metastasis, and the occurrence of disease-related death was
assigned as the endpoint of adverse outcomes. On multivariate
logistic regression analysis, infiltration pattern was found to be the
most significant predictor with HI group showing odds ratio of 16.4
compared to NI group (95% confidence interval 5.182–52.286;
p< 0.001), and MI group showing odds ratio of 3.9 compared to NI

group (95% confidence interval 1.577–10.002; p= 0.003). T-stage was
also significant, with T3/4 cases having an odds ratio of 8.2 over T1
(95% confidence interval 2.908–23.582; p < 0.001), and T2 cases
having an odds ratio of 3.1 over T1 (95% confidence interval
1.054–9.371; p= 0.04). Grade (based on Ki-67 and mitotic index),
although significant at the univariate level (p < 0.001), did not stand
up to the multivariate test (See Table 3 for results).
In the multivariate logistic regression analysis taking only

distant metastasis and death of disease as the endpoints
(excluding the lymph node metastasis), the infiltration pattern
was still found to be a significant predictor with HI group showing
an odds ratio of 3.4 compared to NI group (95% confidence
interval 1.055–11.571; p= 0.04), and MI group showing odds ratio
of 3.2 compared to NI group (95% confidence interval
1.154–9.389; p= 0.02). T-stage was also significant, with T3/4
cases having an odds ratio of 3.3 over T1/2 (95% confidence
interval 1.394–7.841; p= 0.007). Grade (based on Ki-67 and mitotic
index) did not stand up to the multivariate test in this analysis
as well.

Heterogeneity/homogeneity
According to the arbitrary criteria described above, 84 (46%) cases
were classified as homogenous (no variation between the slides),
71 (39%) as mildly heterogeneous, 20 (11%) as moderately
heterogeneous, and 6 (4%) as markedly heterogeneous. The
degree of heterogeneity/homogeneity in newly proposed groups
is summarized in Table 4.

DISCUSSION
This study elucidates that the degree of invasiveness at the
advancing edge of the tumor is a strong reflection of biologic

Table 2. Univariate analysis of correlation of new classification with the clinicopathologic features of aggressiveness in PanNETS that are <=2 cm.

Non/minimally infiltrative
(Score 3-6)

Moderately infiltrative
(Score 7–9)

Highly infiltrative
(Score 10-15)

p-value

n (%) 28 (44%) 27 (43%) 8 (13%)

Mean Ki-67 (SD) 3.4 (4.6) 5.6 (13.3) 4.4 (4.4) Not significant

Presence of PNI (%) 4% 15% 50% p= 0.004

Presence of VI (%) 18% 22% 62% p= 0.03

Adverse outcomes (Lymph node/liver/
distant metastasis/ death) (%)

4% 26% 50% p= 0.006

Bold values indicate statistical significance p < 0.05.

Table 3. Results of the multivariate analysis.

p-value Odds ratio 95% C.I.

Lower Upper

Tumor grade (Based on Ki-67) Grade 1

Grade 2 0.791 0.889 0.373 2.120

Grade 3 0.852 0.839 0.132 5.340

Tumor stage T1 <0.001

T2 0.040 3.143 1.054 9.371

T3/4 <0.001 8.281 2.908 23.582

Groups according to the proposed scoring system Non/minimally infiltrative (NI) <0.001

Moderately infiltrative (MI) 0.003 3.972 1.577 10.002

Highly infiltrative (HI) <0.001 16.460 5.182 52.286

Constant 0.154 0.617

Bold values indicate statistical significance p < 0.05.
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characteristics as well as the aggressiveness of PanNETs. The
grading system developed to analyze the degree of invasiveness
and tested in this study was found to be an independent
prognosticator. We believe that this system should be strongly
considered as an adjunct parameter in the evaluation of PanNETs,
and should potentially be incorporated into the guidelines, once
validated in other studies.
In the assessment of neoplasia, microscopic examination of the

morphologic patterns and distribution of tumor characteristics has
been an important part of pathology workup, and in fact,
constituted the basis of histologic typing and grading, two of
the most important tasks of pathologists in evaluating a tumor.
For decades, this assessment was based on the overall character-
istics of the tumor. Recently, however, it is being discovered that
the infiltration patterns at the “advancing edge” of a given tumor
provide precious hints concerning its behavior. Naturally, different
tumor types exhibit different profiles in this regard such as
“budding” in gastrointestinal tumors, “spread through air spaces”
in pulmonary tumors, “microcystic, elongated and fragmented
pattern” of invasion in uterine tumors, all of which have eventually
become routine pathology reporting influencing management
protocols in the past few years8,11,25. For the tumors that are prone
to exhibit more expansive growth patterns similar to PanNETs,
such as endocrine and gastrointestinal cancers, the degree of
demarcation versus the infiltrative spread of the neoplastic cells at
the periphery of the tumor has been found to yield invaluable
prognostic information5–7,9. In fact, this is one of the main
determinants of benign versus malignant diagnosis in thyroid
neoplasms. Although there are exceptions, tumors with highly
infiltrative patterns at the tumor-host interface tend to behave in
an aggressive fashion, both locally and systemically compared to
their more circumscribed counterparts.
Currently, the role pathology plays in the prognostication of

PanNETs is mostly the assessment of the proliferative activity by
counting Ki-67 and mitosis (for histologic grading) and TNM
staging. Although the importance of infiltration patterns of
PanNETs has been mentioned in the literature14, it has not been
systematically analyzed and its associations with the clinical
outcome have not been verified. The scoring system proposed in
this study proved to correlate independently with known adverse
survival determinants related to this tumor (see below).
First, this study elucidated that PanNETs from different patients

indeed show substantial variation in the degree of invasiveness at
the tumor-host interface. Using the scoring system developed,
which is fairly simple and practical to employ, it was found that a
substantial proportion of PanNETs (42%) are demarcated and are
non/minimally infiltrative tumors, 38% have a moderate degree of
invasiveness at their leading-edge although they form relatively
compact lesions, and 20% exhibit a more scirrhous pattern and
display a significant amount of invasion into the peripheral tissues.
The respective macroscopic features of these categories also seem
to reflect the infiltration patterns observed in microscopic
examination (Fig. 8), which, in our opinion, should further be
investigated in studies aiming at the radiologic-pathologic
correlation of this phenomenon. If such correlations are strong,
the pre-operative evaluation of PanNETs and management of the
patients could change drastically.

This study also documents that there is a fair amount of
intratumoral heterogeneity (variation in different zones of a given
tumor) in the pattern of invasiveness at the tumor periphery.
Therefore a grading system to assess the advancing edges of the
tumor ought to have a scoring system that incorporates this
intratumoral variability. Some degree of variation was present in
different slides of a given tumor in more than 50% of the cases in
this study. This heterogeneity was substantial in about 15% of the
cases (with ≥2 degrees difference in between two slides of a case).
The fact that the degree of intratumoral heterogeneity increases
progressively from non/minimally infiltrative (with 34% of this
group showing heterogeneity) to moderately infiltrative (66%), to
the highly infiltrative (72%) is not surprising, and goes along with
the progression scheme that at least some infiltrative PanNETs
may be starting life as relatively more circumscribed lesions
(displaying demarcated areas) but eventually developing more
infiltrative areas. The univariate correlation of the invasiveness
score with the size of the tumor also supports this impression. At
the same time, its correlation with adverse outcomes independent
of size also suggests that the invasiveness is not merely a result of
enlargement of the tumor, but rather, that some tumors are
inherently more infiltrative, even when they are small. The fact
that the tumors <=2 cm could also be stratified in outcome by
invasiveness score supports the concept that the invasiveness of
the tumor is an innate tumor characteristic independent of the
tumor size.
As documented in this study, the infiltration pattern in the

advancing edge of PanNETs indeed has significant biologic/
prognostic associations. The classification according to the
proposed system (NI, MI, and HI groups) showed a stratification
that correlated with every known histologic sign of aggressiveness
in PanNETs, including tumor grade, T stage (size), Ki-67 index,
metastasis, and progression. Moreover, in multivariate analysis, the
“infiltration score” correlated independently with adverse out-
comes (metastasis/progression), more successfully than the T
stage, while grade did not even stand in the multivariate analysis.
Accordingly, this study also emphasizes that it is important to
sample PanNETs’ tumor-host interface well in the gross room, as is
the standard for other endocrine tumors like thyroid or adrenal.
It would also be interesting to investigate the molecular,

biological, and genetic associations of these infiltration patterns.
For example, it has been documented that the rare serotonin-
producing PanNETs are more prone to have sclerotic patterns26.
Whether this intratumoral sclerosis also translates to more
infiltrative patterns at the periphery, and whether they have any
prognostic correlation (through or independently of the infiltra-
tion pattern) would be interesting to analyze. Similarly, recently
potential theranostic markers have been identified in PanNETs,
although some with conflicting results27–30. Nevertheless, these
molecular alterations are likely to become a routine evaluation of
PanNETs in the near future29 and it would be very interesting to
appraise the association of these pathways with the infiltration
patterns. Unfortunately, the hormonal status and molecular
alterations were not specifically analyzed in the cases included
in this study.
The findings of this study have the potential to make a major

impact on the diagnosis and management of PanNETs. Currently,

Table 4. Heterogeneity/homogeneity in newly proposed groups.

Non/minimally infiltrative
(score 3-6) (n= 77)

Moderately infiltrative
(score 7–9) (n= 68)

Highly infiltrative
(score 10–15) (n= 36)

Homogenous 66% (n= 51) 34% (n= 23) 28% (n= 10)

Mildly heterogeneous 27% (n= 21) 45% (n= 31) 52% (n= 19)

Moderately heterogeneous 7% (n= 5) 15% (n= 10) 14% (n= 5)

Heterogeneous 0% (n= 0) 6% (n= 4) 6% (n= 2)
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the prognostic factors in the evaluation of a primary PanNET,
namely T-stage and grade have been rather inadequate. In fact,
for practical purposes, G1 and G2 PanNETs are regarded as one
category and managed very similarly31. Until recently, T-stage was
also not a major determinant in management; however, a
“watchful waiting” approach was recently proposed for PanNETs
that measure <2 cm (T1) and is now widely employed throughout
the world. However, strong concerns regarding this approach
exist, considering that more than 10% of these cases prove to
have lymph node metastasis when resected, and a higher number
are expected to progress on longer follow-up. In this study, in
nearly 20% of PanNETs <=2 cm, metastasis or death from the
disease occurred. However, when broken down by the infiltration
pattern, only 3.5% (n= 1/28) of the non/minimal invasion group
had metastasis/progression. Whereas, in moderately infiltrative
cases, this figure jumped to 26% (n= 7/27), and in the highly
infiltrative group, half of the cases (n= 4/8; 50%) had metastasis/
progression. Such differences were statistically significant. This is
very important, because although attempts have been made to
stratify this “<2 cm” category32 also with initial promising results19,
widely accepted criteria were not put forward, and all non-
functional PanNET patients with this tumor size are being offered
observation. Based on the findings of this study, once the imaging
correlates of these invasiveness patterns are established (which
our preliminary observations prove to be highly promising in
parallel with the gross findings; see Fig. 8), this criterion can be
applied in the decision tree, where the non/minimally infiltrative
candidates can be placed in less invasive treatment algorithms like
watchful-waiting or radiofrequency/microwave ablation, while the
more invasive ones, can be geared for surgery.
It is important to note that the proposed scoring system is fairly

simple and easily adoptable to daily practice. The interobserver
reliability was excellent per Cronbach’s alpha coefficient, and the
kappa agreement level was 0.526, which is comparable to, and in
fact better than for many of the grading systems widely used in
daily practice in pathology, most of which have undergone
extensive refinement over decades33–41. Assessment of tumor-
host interface is something pathologists are very familiar with and
have used for decades in various tumor types, especially in
endocrine organs. This evaluation can be performed within
minutes during routine examination of the slides: following a
quick naked-eye evaluation of the circumscription of the tumor
and selection of the highest, lowest, and medium slides, the
tumor-host interface is examined microscopically at low power in
each slide and scored accordingly. Based on the sum of the grades
in the three slides, the case is then placed into one of three
categories of “non/minimally infiltrative” (score 3–6), “moderately
infiltrative” (7–9), and “highly infiltrative” (10–15). Especially when
compared to the Ki-67 count, which failed to be an independent
factor in the multivariate analysis, this invasiveness evaluation is
much more practical. Performing accurate Ki-67 count requires a
labor-intensive approach of the manual or automatic count since
eye-balling is highly inaccurate and strongly discouraged unless
the index is obviously in the extremes23. Therefore, this relatively
simple morphology-based scoring system, applicable even in
laboratories without access to Ki-67, may prove useful. Artificial
intelligence algorithms may also be very helpful in assessing the
invasiveness of PanNETs, and we have initiated a project to
investigate this issue (study in progress).
In summary, the scoring system proposed in this study—which

is based on the infiltration pattern of the advancing edges of
PanNETs—was found to have significant prognostic correlations
that are even stronger than currently used histologic grading and
T staging systems. This system, if confirmed by validation studies,
has the potential of being incorporated into daily practice and
included in routine pathology reports. In the absence of one
perfect prognosticator, this scoring system may be extremely

useful in stratifying borderline patients into more appropriate
management protocols.
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