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Abstract

Background: Pancreatic neuroendocrine tumors (PNETs) generally behave indolently. However, some manifest
an aggressive clinical course with poor prognosis. It is not clear whether this is due to intrinsic tumor
aggressiveness, dedifferentiation, or simply silent progressive tumor accumulation that then triggers complications.
This study analysed the features of PNETs to gain further insight into their biology.

Methods: A retrospective clinicopathologic review of 74 PNETs using Kaplan-Meier and Cox proportional hazard
analyses.

Results: Median overall survival was 117 months; 5 year survivals were 92% where the PNETs were resected
versus 35% for those not resected (p<0.001). Liver metastases developed in 33/74 (18/33 synchronous metastases;
15/33 metachronous). There was a significant difference in Ki67 grade between metastatic and non-metastatic
tumors (p<0.001). However, there was considerable overlap of grades between synchronous and metachronous
tumor groups with 5/10 (50%) of synchronous PNETs being well-differentiated. Most patients with metachronous
metastases (10/15; 67%) showed non-progressive disease whereas the majority with synchronous metastases
(15/18; 83%) manifested progressive disease (p=0.01). On Cox analysis, synchronous metastases and inoperability
were significant predictors of survival whereas Ki67 grade and T/N stage were not.

Conclusion: Aggressive PNETs were associated with synchronous metastases and inoperability. By multivariate
analysis, the strongest adverse prognostic factor was synchronous metastases and this was related to the poor
outcome over and above what was indicated by the Ki67 grade on univariate analysis. While it is not entirely clear
whether the presence of synchronous metastases reflects intrinsic tumor aggressiveness or simply disease in the
later stages of its natural history, our findings suggest that they reflect intrinsic aggressiveness de novo. However
larger studies with more statistical power are required to further substantiate this. While cell proliferation markers
such as Ki67 have greatly improved our grading and understanding of PNETs, molecular studies of events involved
in the metastatic cascade could also be meritorious in elucidating disease biology.

Keywords: Pancreatic neuroendocrine tumors; Tumor biology;
Prognostic factors; Tumor grading; Synchronous metastases;
Metachronous metastases

Introduction
Gastrointestinal and pancreatic neuroendocrine tumors (PNETs)

are generally slow-growing tumors compared to their
adenocarcinomatous or exocrine counterparts [1,2]. They were initially
described as carcinoids or carcinoma-like, tumors in slow motion,
given their indolent course [3,4]. Subsequent studies demonstrated a
heterogenous group of neoplasms with unpredictable biologic
behaviour [1,3,5,6]. More recently, it was observed that some of these
tumors can manifest an aggressive clinical course with most deaths
occurring within 2 years of diagnosis [7-9]. Whereas in the past a key

cause of morbidity and mortality for these patients was the metabolic
derangement secondary to hormonal effects, these effects have been
curtailed by newer therapies [1,5-8,10]. Currently, most poor outcomes
can be ascribed to tumor progression and mass effect [1,6,9-11].

Tumor staging systems have been used to assess mass effect and
extent of disease within PNETs [6,12-14]. The classification system for
gastrointestinal PNETs has evolved to where the term neuroendocrine
neoplasm has almost completely replaced islet cell tumor, carcinoid
and atypical carcinoid, and terms used to represent the spectrum of
biologic aggressiveness have been replaced by new 3-tier World Health
Organization (WHO) grading system [6,12-15]. This has resulted in
improvements in tumor prognostication, treatment planning and
comparison of data from different institutions. However, these
classifications do not explain all the discrepancies in the behaviour of
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PNETs. For example, some patients with metastatic liver disease can
live for many years whereas others follow an aggressive course
[5-11,16-23].

It is not clear whether the poor prognosis can be attributed to
intrinsic tumor aggressiveness, dedifferentiation, or simply a silent,
progressive accumulation of tumor burden that at some point causes
physiological processes to decompensate leading to system failure.

The aim of this study was to analyse the clinical, imaging and
pathologic features of PNETs to gain further insight into the factors
influencing morbidity and mortality.

Materials and Methods

Patient selection
Approval for the study was obtained from the Ottawa Hospital

Research Ethics Board. Surgical, cytopathology and autopsy records
were searched for all cases of neuroendocrine tumors between 1994
and 2014. More detailed information relating to clinical history,
medical imaging, laboratory findings, patient management and follow-
up were obtained from the health records database.

The tumors were categorized by site with the main groups being
pulmonary, gastrointestinal, pancreas, and metastatic/unknown
primary. Those cases that could be clearly defined as PNETs based on
clinical, imaging and pathologic data were selected for this study. Cases
with disseminated disease and involvement of the pulmonary and/or
tubular gastrointestinal tract were excluded. Cases in which the lesions
were <1 cm in maximum dimension were also excluded from the
study.

Pathology
The diagnosis of PNET was based on conventional histology and

immunohistochemistry (IHC) on the surgical biopsy, resection, or
cytology specimens. Slides as well as the pathology reports were
reviewed.

The tissue blocks were retrieved from storage.
Immunohistochemical analysis was carried out on a representative
tissue or cell block by staining for neuroendocrine markers as
previously described [24]. Where necessary, additional stains were
carried out to further confirm the diagnosis.

The Ki67 labelling index was based on tissue sections, and not on
cytology material. Tissue was available from pancreas (n=51), both
pancreas and liver (n=4) and liver metastases only (n=2). The Ki67
stain was carried out on both primary and metastases (Table 1). The
counts were determined by 2 of the authors by counting at least 2000
cells from photographs of hot spots at 20x magnification as previously
described [24].

Medical imaging
All patients underwent CT of the abdomen (Figure 1), pelvis and

chest. A few selected cases had MRI or ultrasound depending on their
clinical status. All the cases were performed with IV contrast. Some
cases were scanned in both arterial and portal venous phases while
others had just the portal venous phase.

Most patients also underwent octreotide scan as part of their work-
up. Staging was based on this imaging. Synchronous metastases were
defined as those present at the time of diagnosis of the primary tumor
or within 1 year of curative surgery; metachronous metastases
occurred thereafter [11].

Discrete variates No. (%)

Females 39 (52.7)

Cancer-directed surgery None 19 (25.7)

Whipple 14 (18.9)

Distal pancreatectomy 30 (40.5)

Enucleation 11 (14.9)

T stage 1 18 (24.3)

2 18 (24.3)

3 34 (45.9)

4 4 (5.4)

N stage 0 44 (59.5)

1 29 (39.2)

Liver metastases none 42 (55.4)

synchronous 18 (24.3)

metachronous 15 (20.3)

Deaths from all causes 15 (20.3)

Cancer specific deaths 13 (17.6)

Pancreatic tumor site head 29 (39.2)

uncinate process 4 (5.4)

neck 11 (14.9)

body 10 (13.5)

tail 20 (27.0)

RECIST criteria at last staging
exam

Complete response 5 (6.8)

(33 evaluable cases) Stable disease 8 (10.8)

Progressive disease 20 (27.0)

Continuous variates Mean Range

Age at diagnosis (years) 58 32-84

ki67 Grade primary (55 evaluable
cases)

1.6 1-3

ki67 Grade liver (6 evaluable
cases)

2.8 2-3

Table 1: Clinicopathologic features of individuals with pancreatic
neuroendocrine tumours.
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Figure 1: Contrast enhanced CT demonstrating a large 16 cm tumor
in the pancreatic tail with no metastases in the liver. The patient
underwent a distal pancreatectomy and splenectomy showing a
T3N1 PNET; Gross photograph of the 16 cm tumor (shown in
Figure 1) in cross-section showing a fairly well-delineated greyish-
tan tumor; spleen is in top part of the field.

The extent of hepatic parenchymal involvement was calculated as a
percentage of liver, and incorporated into modified Response
Evaluation Criteria in Solid Tumors (RECIST) scores [25]. The
dominant liver metastases had their greatest diameter measured; along
with the tumor configuration these measurements were used to
estimate the total area occupied by the metastases (Figure 2). Findings
were classified as: i) complete response (CR) if the tumor was
completely eradicated by metastasectomy or radio-frequency ablation
(RFA) ii) stable disease (SD) if the tumor had not changed in size by
20% or iii) progressive disease (PD) if the tumor increased in size by
>20% or new lesions appeared.

Figure 2: This patient had synchronous liver metastases and was
deemed inoperable due to the disease spread pattern and
involvement of both liver lobes. Subsequently, the liver disease
demonstrated progressive disease and the CT shows high-volume
disease (90%); this patient initially underwent a Whipple’s
procedure for a T3N0M0 tumor. A single liver metastasis was found
4 years later but she did not want any treatment until 10 years post-
pancreaticoduodenectomy. Selected axial CT then demonstrated a
large (10 cm) single metachronous metastasis in the right liver lobe
(40% volume) as herein shown. A right lobectomy was carried out
and she shows no evidence of disease recurrence 30 months later.

Statistics
Statistical comparisons of tabular data were based on chi-square

analysis, Student’s t-test and analysis of variance (ANOVA). Box and
whisker plots provided visual comparisons of different population
variables; the mean and its 95% confidence interval (CI) were
estimated for each population. Survival analysis was based on the

method of Kaplan and Meier, using the log rank test for comparisons.
Cox proportional hazards analysis was performed based on overall
survival. The 95% CI were provided for each hazard ratio and the
strengths of the resulting relationships evaluated with the Wald chi-
square test [26].

Results

Characteristics of the study population
Data were retrieved from 74 cases (Table 1). Fifty-five individuals

underwent potentially curative resection. Fifteen cases were deemed
unresectable by medical imaging or at laparotomy. Another 4 patients
were technically operable but because of comorbidity or advanced age
were treated non-operatively. After a median follow-up of 33 months,
34 patients were alive and well, 23 alive with disease, 13 dead of
disease, 2 dead of other causes and 2 were lost to follow-up.

Tumor grading
The results of the Ki67 grading are provided in Table 1 (Figures 3

and 4). In some cases, the liver metastases were extirpated using RFA
and therefore no tissue was available for pathologic assessment. In
other instances, the diagnosis of PNET was based on cytology (from
the primary or liver metastases) and we elected not to use this material
for grading purposes.

Figure 3: Photomicrograph from the lobectomy specimen in Figure
2. The tumor is on the left side and normal liver tissue on the right
(hematoxylin & eosin, original magnification 20 x); Same tumor as
in Figure 3 with the brown-stained cells being indicative of Ki67
positivity (6%; grade 2); immunohistochemistry original
magnification 20x.

Figure 4: Photomicrograph from a core biopsy of a synchronous
liver metastasis. The tumor shows the organoid histologic pattern
which is characteristic of PNETs. (hematoxylin & eosin, original
magnification 20x); Same tumor as in Figure 4 showing a more
robust positivity for Ki67 (45%; grade 3). (immunohistochemistry,
original magnification 20 x).
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Metastatic disease

The liver was the dominant site of metastasis (synchronous 18/33
and metachronous 15/33). In 5/33 of the liver metastases cases, there
were also extrahepatic metastases: to bone (5/5), brain (1/5) and
uterine serosa (1/5).

Of the 18 cases of synchronous metastases, 16 were present at
diagnosis and 2 occurred within one year. Extirpation of liver
metastases was attempted in 8 cases by RFA, metastasectomy, or both;
for 5 of these cases, there was no further recurrence.

Surgery versus no surgery

The median overall survival was 117 months (Figure 5). Patients
who underwent cancer-directed surgery had better overall survival
than those who did not (Figure 5) (p<0.001).

These surgical patients represented a highly selected subpopulation,
with better Tumor/Nodes/Metastases (TNM) staging and younger ages
(Table 2).

Figure 5: Kaplan Meier plot for overall survival of the study
population. Deaths are indicated by open circles; censored entries
by crosses. b. Cancer directed surgery compared to no surgery.

Discrete variates No surgery,

No. cases
(%)

Cancer-directed
surgery No. cases
(%)

Chi-
squared
(d.f.)

p

Female gender 8 (42.1) 31 (56.4) 1.2 (1) N.S.

T stage

T1 3 (15.8) 15 (27.3) 12.5 (3) 0.00
6

T2 4 (21.1) 14 (25.5)

T3 8 (42.1) 26 (47.3)

T4 4 (21.1) 0 (0)

N stage

N0 7 (38.9) 37 (67.3) 4.6 (1) 0.03
3

N1 11 (61.1) 18 (32.7)

Ki67 grade
primary

1 2 (28.6) 26 (54.2) 8.5 (2) 0.01

2 2 (28.6) 19 (39.6)

3 3 (42.9) 3 (6.25)

Liver metastases
at diagnosis

No 8 (42.1) 48 (87.3) 15.7 (1) <0.0
01

Yes 11 (57.9) 7 (12.7)

Death from all
causes

11 (57.9) 4 (7.3) 22.4 (1) <0.0
01

Continuous
variates

No surgery,

Mean

Cancer directed
surgery, Mean

t (d.f.) p

Age at diagnosis 66.1 yr 55.7 yr -3.1 (72) 0.00
2

Table 2: Comparison of surgical and non-surgical cases.

Metastasis versus no metastasis
To determine whether primary tumor size was related to metastatic

behavior, we compared non-metastatic and metastatic tumor groups,
and there was a significant difference between them (Figure 6).
However, there was no significant difference in primary tumor size
between the individuals with metachronous and synchronous
metastases.

Comparison of non-metastatic and metastatic tumor groups with
regard to Ki67 grade of the primary tumor showed a significant
difference (Figure 6) and differences were seen between the
metachronous and synchronous metastases groups.
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Figure 6: Comparisons between individuals with no liver metastasis,
metachronous metastasis and synchronous metastasis. a. Primary
tumor size at diagnosis. Box and whisker plots provide the mean
(central square), standard error of the mean (rectangular
surrounding box) and the 95% CI for the mean b. Ki67 grade of the
primary tumor.

However, there was considerable overlap in the tumor grades with 5
(50%) of the synchronous tumors being well-differentiated (Table 3).

Ki67 grade
primary

No metastases Metachronous
metastases

Synchronous
metastases

1 27 (75.0%) 1 (11.1%) 0 (0%)

2 8 (22.2%) 8 (88.9%) 5 (50%)

3 1 (2.8%) 0 0% 5 (50%)

Table 3: Ki67 grade categorized by type of metastases.

We carried out an analysis of the time to failure with liver
metastases from the time of diagnosis (Figure 7). The median time to
failure with liver metastases was 54 months. Of individuals with
synchronous metastases 50% were dead by 2 years of diagnosis
whereas of those without metastases at diagnosis more than 95%
remained alive over the follow-up period (Figure 8). We then carried
out an analysis of time to development of liver metastasis stratified for
the modified RECIST criteria (Figure 7).

Figure 7: Time from diagnosis to failure with liver metastasis. a.
Kaplan-Meier curve from the entire study population. b. Kaplan-
Meier curves categorized by modified RECIST criteria.

Most individuals with metachronous metastases (10/15; 67%)
showed non-progressive disease while the majority of those with
synchronous metastases (15/18; 83%) manifested progressive disease
(p=0.01) (Table 4).

Metachronous
metastases

Synchronous
Metastases

Complete response 4 (27%) 1 (5.6%)

Stable disease 6 (40%) 2 (11%)

Progressive disease 5 (33%) 15 (83%)

Table 4: Modified RECIST criteria for metachronous and synchronous
metastases.

Survival and response analysis
The median time to failure with liver metastases was 54 months

from time of diagnosis (Figure 7). By RECIST criteria, individuals with
CR had the longest survival, those with SD had an intermediate
survival, whereas those with PD had poor survivals (Figure 7). Of
individuals with synchronous metastases 50% were dead by 2 years of
diagnosis whereas of those without metastases at diagnosis more than
95% remained alive by that time (Figure 8). Most individuals with
metachronous metastases had non-progressive disease whereas for
most individuals with synchronous metastases manifested progressive
disease (Table 4).
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Prognostic factors for overall survival
We had observed a poor prognosis in three situations: where

cancer-directed surgery was not performed (Figure 5), for individuals
with synchronous metastasis (Figure 8), and where the Ki67 grade of
the primary tumor was 3.

Figure 8: Overall survival from time of diagnosis. a. Survival
affected by synchronous metastases. Kaplan-Meier curves for
overall survival were compared between those with synchronous
metastasis and those without metastases at diagnosis. b. Survival
affected by Ki67 grade of the primary tumor.

In order to clarify the relationship of these and other potentially
prognostic explanatory variables, a Cox proportional hazards analysis
was performed based on overall survival (Table 5).

Explanatory variables Hazard
ratio

95% CI Wald
statisti
c

p

Lower Upper

Date of diagnosis 0.999 0.999 1.000 3.471 0.062

Male gender 0.922 0.262 3.244 0.016 0.899

Age at diagnosis 0.989 0.923 1.060 0.096 0.757

Primary tumor size 1.069 0.760 1.504 0.146 0.702

T stage 3.719 0.573 24.126 1.895 0.169

N stage 1.897 0.164 21.907 0.263 0.608

Ki67 grade primary 1.434 0.337 6.101 0.238 0.625

Cancer-specific surgery done 0.060 0.005 0.793 4.56 0.033

Liver metastasis at diagnosis 33.231 2.530 436.557 7.11 0.008

Table 5: Cox proportional hazards analysis.

Chi-squared=52.38, d.f.=9, p<0.001.

The date of diagnosis was included as an explanatory variable in
order to adjust for secular effects over the study period such as
improvements in surgical or diagnostic techniques. Other explanatory
variables included gender, age at diagnosis, T and N stage, as well as
primary tumor size. Synchronous metastasis was the strongest
prognostic factor with a hazard ratio of 33; if cancer-directed surgery
was performed the hazard ratio was reduced to 0.06. The remaining
factors revealed no significant associations on this analysis, in
particular in the context of synchronous metastases and cancer-
directed surgery Ki67 grade no longer associated with survival.

Discussion
The findings of this study lend support to the WHO classification in

that most patients with early stage tumors did well while those with
advanced tumors had significantly worse outcomes (Table 2). Our
results also show that individuals who had their tumors resected had
much better outcomes than those who did not. This could mean that
surgery had a beneficial effect on survival. Indeed, it is known that
currently, the only curative modality for PNETs is surgery
[1,6,11,16,22,23,27]. However, these surgical patients were highly
selected, they were younger, had less extensive disease, and better
performance status.

Although it is recognized that the liver is the organ mostly
commonly involved by PNET metastasis, the degree to which this
occurred in our study was quite striking: all 33 cases with distant
metastasis (100%) involved the liver, and in 28/33 (85%) of cases, the
liver was the only organ so affected. It is possible that our selection
criteria may have excluded bona fide PNETs that had metastasis to the
lung since it can be difficult to distinguish poorly differentiated PNETs
from their pulmonary counterparts even with immunohistochemistry
[28]. However, other studies also showed that the liver was the
dominant organ for PNET metastasis [1,6,16,18,23,29,30]. This being
the case, it is therefore not surprising that most of the morbidity and
mortality of these patients were due to liver metastasis. This is also in
line with the findings of other studies [1,6,9,10,17-23,29,30].

Since metastatic liver disease plays such a critical role in the
morbidity and mortality of these patients, it deserves more scrutiny in
the way it gets evaluated. In this study, we assessed not just the
presence or absence of liver metastases but also i) whether the
metastases were present at the time of diagnosis or appeared
subsequently ii) the extent of liver involvement and iii) disease
progression. This is important because some patients with liver
metastasis can live for a long time despite the disease [1,5,10,17].
Furthermore, we quantitated the presence of metastasis in a manner
that can provide a measure of the metastatic burden. Indeed this not
something new. A number of reports have previously incorporated this
approach by, for example, stating whether disease was uni- or bilobar,
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the number of metastases and volume of liver occupied by metastasis
[8-11,17,18,30].

There was correlation between primary tumor size and metastatic
potential, i.e. larger tumors were more likely to metastasize compared
to smaller ones. However, when we compared the synchronous
metastases group to the metachronous one, there was no difference in
primary tumor size between the 2 groups. This suggests that the poor
prognosis seen with the synchronous metastases is not merely due to
tumor progression as measured by the size of the primary tumor but
rather an intrinsic property of the tumor de novo.

With respect to tumor grading, our findings are consistent with the
WHO classification in that there was a significant difference between
the metastatic and non-metastatic groups (p<0.001). However, as
shown in Table 3, 50% of the synchronous tumors were grade 2. Since
most of these tumors demonstrated an aggressive clinical course, this
suggests that there could well be other factors to account for the
biologic aggressiveness of the synchronous metastasis group besides
tumor grade. Indeed some tumors, for example basal cell carcinomas,
tend to have a high proliferation rate yet hardly metastasize. Other
factors that suggest an intrinsic biologic aggressiveness for
synchronous tumor group are their tendency towards multicentric or
diffuse metastases [11]. On the other hand, it has been observed that
large and/or isolated metastases can be associated with long survival
(Figure 4) [5,9-11,20,30].

The inherent biologic aggressiveness of the synchronous metastasis
group can also be seen from the analysis of the modified RECIST data.
Most of these tumors (83%) (Table 4) showed tumor progression that
could be measured in months (Figure 7). In contrast, a significant
proportion of patients (67%) with metachronous metastases had non-
progressive disease over a relatively long period of time with some
(27%) even showing complete response following metastasectomy
and/or radiofrequency ablation. This is in line with other studies
[10,11].

The 4 cases for which grading could be done on paired samples
from both the primary and metastatic tissue are too few for statistical
analysis. However, other studies showed that there was no difference in
the Ki67 grade between the primary and the corresponding liver
metastases. This suggests that the biologic behaviour of these tumors
might be determined de novo as opposed to the selection of aggressive
tumor clones for metastasis (de-differentiation).

Recognition of PNETs with an aggressive course is important
because, while it is known that the presence of liver metastases is the
rate-limiting step on survival, the real problem is predicting when
death would occur since some of these patients can live for many years
[15,17,18,29]. In this regard, the new WHO classification has been
useful in that most patients with grade 3 tumors tend to do poorly as
we also show (Figure 8) [31]. What is less clear to prognosticate are
patients with well-differentiated PNETs metastatic to the liver. Our
study suggests that the finding of synchronous liver metastases, even in
well-differentiated PNETs, indicates a proclivity towards biologic
aggressiveness.

Surgery is the only potentially curative form of treatment for these
patients [28,30]. However, the best treatment for patients with liver
PNET metastasis remains controversial [11,17]. This is due to the fact
that these tumors are uncommon, often described retrospectively in
small series and prospective clinical trials comparing alternative
therapies are limited [15,17,18,23,28,30]. As a result, patients may end
up being managed on a case-by-case basis. Therefore this kind of

information relating to synchronous liver PNET metastasis, Ki67 grade
and outcome could be helpful in selecting the most appropriate type of
patient management in the pre- or post-operative setting. Likewise, for
patients with metastatic liver PNETs who are being considered for
other forms of treatment such as chemotherapy, hepatic artery
embolization/chemo-embolization and liver transplant, knowledge
about the biologic aggressiveness of the disease is helpful [19,29-33].

In conclusion, this study shows that a poor prognosis for PNETs
appears to be associated with synchronous metastases and patients
ineligible for cancer-directed surgery. After the potentially prognostic
factors had been adjusted for by multivariate analysis, the strongest
adverse prognostic factor was the presence of synchronous metastases
at diagnosis and this thus appears to be related to poor outcome over
and above what might be indicated by metachronous metastases or the
Ki67 grade of the primary on univariate analysis. Overall, this suggests
that the presence of synchronous metastases may reflect intrinsic
tumor aggressiveness though the idea that this may reflect individuals
later in the natural history of their disease cannot be completely
discounted. While cell proliferation markers such as Ki67 have greatly
improved our grading and understanding of PNETs, molecular studies
of events involved in the metastatic cascade could also be meritorious
in elucidating disease biology.
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