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Abstract
Objectives To evaluate the prognostic value of CT to predict
recurrence-free and overall survival in patients with pancreatic
neuroendocrine neoplasms (PanNENs).
Methods Between January 2004 and December 2012, 161
consecutive patients who underwent preoperative triphasic
CT and surgical resection with curative intent for PanNENs
were identified. The tumour consistency, margin, presence of
calcification, pancreatic duct dilatation, bile duct dilatation,
vascular invasion, and hepatic metastases were evaluated.
The tumour size, arterial enhancement ratio, and portal en-
hancement ratio were measured. The Cox proportional hazard
model was used to determine the association between CT
features and recurrence-free survival and overall survival.
Results By multivariate analysis, tumour size (>3 cm) (hazard
ratio, 3.314; p=0.006), portal enhancement ratio (≤1.1) (haz-
ard ratio, 2.718; p=0.006), and hepatic metastases (hazard
ratio, 4.374; p=0.003) were independent significant variables
for worse recurrence-free survival. Portal enhancement ratio
(≤1.1) (hazard ratio, 5.951; p=0.001) and hepatic metastases

(hazard ratio, 4.122; p=0.021) were independent significant
variables for worse overall survival.
Conclusions Portal enhancement ratio (≤1.1) and hepatic me-
tastases assessed onCTwere common independent prognostic
factors for worse recurrence-free survival and overall survival
in patients with PanNENs.
Key points
• CT is useful to predict survival outcomes in patients with
PanNENs.

• Survival outcomes are associated with portal enhancement
ratio and hepatic metastases.

• Portal enhancement ratio is prognostic CT biomarker in
patients with PanNENs.
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Abbreviations
PanNEN pancreatic neuroendocrine neoplasm
NET neuroendocrine tumour
NEC neuroendocrine carcinoma
RFS recurrence-free survival
OS overall survival
G1 grade 1
G2 grade 2
G3 grade 3
HU Hounsfield unit
HR hazard ratio

Introduction

Pancreatic neuroendocrine neoplasms (PanNENs) are a group
of heterogeneous tumours, including well-differentiated
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neuroendocrine tumours (NETs) and poorly differentiated
neuroendocrine carcinomas (NECs) [1]. Pancreatic NETs are
assumed to have malignant potential [1] and NECs are known
to have highly aggressive behaviour [2]. Surgery is the treat-
ment of choice in patients with PanNENs [3, 4]. The survival
benefit of surgery was demonstrated for patients with local-
ized, regional, and metastatic disease [5].

A variety of prognostic factors can be used to stratify
PanNENs into different risk groups, but the stage and grade
of the tumour have been regarded as the potent predictive
factors of prognosis [1]. The stage of the tumour represents
the extent of tumour involvement, and the grade of the tumour
represents the proliferative rate of tumour cells. The stage of
PanNENs is determined by the primary tumour size and local
extension, lymph node metastases, and distant metastases.
Computed tomography (CT) plays an important role in the
diagnosis of PanNENs [6], and three determinants of the tu-
mour stage can be assessed with CT. The grade of the tumour
might also be assessed with CT. Previous reports [7–10]
showed that tumour enhancement on CTwas associated with
the grade of the PanNENs. We thus assumed that CT findings
may provide a hybrid stage-based and grade-based classifica-
tion system to stratify PanNENs with different clinical out-
comes, including recurrence-free survival (RFS) or overall
survival (OS). There are several reports of CT findings asso-
ciated with disease recurrence or patient survival [7, 11].
However, previous studies had a relatively small study popu-
lation and did not consider confounding variables [7, 11]. The
purpose of this study was to evaluate the prognostic value of
CT to predict RFS and OS in patients with PanNENs.

Materials and methods

Study population and clinical data

Our institutional review board approved this study, and the
requirement for informed consent was waived. A computer-
ized search of the pathology database between January 2004
and December 2012 revealed 198 consecutive patients with
surgically confirmed PanNENs. The inclusion criteria were as
follows: (a) preoperative triphasic CT; (b) surgery at our insti-
tution within one month after CT; (c) without local treatment
or chemotherapy before surgery, and (d) visible tumour on CT.
We excluded 33 patients without preoperative triphasic CT
within 1 month prior to surgery, two patients who received
ethanol injection or chemotherapy before surgery, and two
patients with an invisible PanNEN on CT. Finally, 161 pa-
tients with PanNENs were included in our study. Data collect-
ed included the patient’s age, gender, tumour location, tumour
type, initial presentation, tumour stage, tumour grade, and
residual tumour. Multiple PanNENs were present in three pa-
tients, so the largest tumour was selected as the patient’s

representative tumour. The stage of the tumour was recorded
according to the European Neuroendocrine Tumour Society
(ENETS) staging classification [12]. Tumour grade was cate-
gorized as grade 1 (G1), grade 2 (G2), or grade 3 (G3), based
on 2010World Health Organization (WHO) classification [1].
Baseline demographic and pathologic tumour characteristics
are summarized in Table 1.

Image analysis

All CTexaminations were performed using one of the follow-
ing CT scanners: Sensation 16 (Siemens Medical Systems,
Erlangen, Germany), Somatom Definition scanner (Siemens
Medical Systems, Erlangen, Germany), LightSpeed 16 (GE
Healthcare, Milwaukee, WI, USA), or LightSpeed VCT scan-
ner (GE Healthcare, Milwaukee, WI, USA). Non-enhanced,

Table 1 Baseline demographic and pathologic tumour characteristics

Characteristics Number of Patients (n=161)

Age, years* 52 (19-76)

Gender

Male 72 (44.7)

Female 89 (55.3)

Tumour location

Head 75 (46.6)

Body/tail 86 (53.4)

Tumour type

Functional 28 (17.4)

Non-functional 133 (82.6)

Initial presentation

Symptomatic 73 (45.3)

Incidental 88 (54.7)

Tumour stage, ENETS

I 69 (42.9)

II 65 (40.4)

III 15 (9.3)

IV 12 (7.5)

Tumour Grade, 2010 WHO

Grade 1 118 (73.3)

Grade 2 30 (18.6)

Grade 3 13 (8.1)

Residual tumour

R0 148 (91.9)

R1 9 (5.6)

R2 4 (2.5)

Unless indicated, data are numbers of patients, and numbers in parenthe-
ses are percentages

* Data are median age, and range in parentheses

ENETS=European Neuroendocrine Tumour Society, WHO=World
Health Organization
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arterial, and portal venous phase images were obtained in all
patients. For contrast-enhanced CT, 100–120 mL iopromide
(Ultravist 370 or Ultravist 300; Bayer Schering Pharma, Ber-
lin, Germany) was administered intravenously at a rate of
3 mL/sec. Scan parameters, reconstruction thickness, and the
delay time for the arterial phase of each CT scanner are sum-
marized in Table 2. Portal venous phase images were obtained
by using a fixed 75-second delay.

The qualitative CT findings were reviewed by a consensus
between two radiologists (HJK andKWK,with 14 and 7 years
of experience in abdominal radiology, respectively). They
were aware that the study population had PanNEN, but they
were blinded to the tumour grade, stage, and survival out-
come. They evaluated the tumour consistency, tumourmargin,
calcification, vascular invasion, pancreatic duct dilatation, bile
duct dilatation, lymph node enlargements, and hepatic metas-
tases. Disagreements during image analysis occurred for CT
findings such as tumour shape, vascular invasion, and lymph
node enlargements, but were uncommon and resolved by con-
sensus. Tumour consistency was categorized as predominant-
ly solid (enhancing tissue more than 50 % of the tumour) or
predominantly cystic (enhancing tissue less than 50 % of the
tumour) [13]. The tumour margin was categorized as well
defined (without spiculation or infiltration in>80 % of the
perimeter of the tumour) or poorly defined (spiculation or
infiltration in≥20 % of the perimeter of the tumour). The
presence of calcification was evaluated on non-enhanced
CT. Pancreatic duct dilatation was defined as a diameter of
the main duct≥4 mm. Bile duct dilatation was defined as
dilatation of both the extrahepatic bile duct (>8 mm) and the
intrahepatic bile duct (>2 mm). The criteria for vascular inva-
sion were venous thrombus, vessel occlusion, focal
narrowing, or contour deformity, and more than half of the
perimeter in contact with the tumour [14, 15]. Lymph node
enlargements were defined as short axis>1 cm, abnormal
round morphology, or central necrosis [14]. Criteria of vascu-
lar invasion and lymph node enlargements were adopted from

the pancreas cancer evaluation [14, 15]. Hepatic metastasis
was defined as a hepatic nodule with hypervascularity or pe-
ripheral enhancement without classic features of hemangioma
or focal nodular hyperplasia. The criteria of hepatic metastases
were adopted from the imaging features of hepatic metastases
from PanNENs on dynamic MR study [16].

The quantitative CT findings were measured by radiologist
KWK. Tumour size was determined as the longest tumour
diameter on axial images. The arterial enhancement ratio
was defined as the Hounsfield unit (HU) of the tumour / HU
of the pancreas parenchyma measured on arterial phase im-
ages. The portal enhancement ratio was also defined in the
same manner on portal venous phase images.

Table 3 Triphasic CT findings in patients with pancreas
neuroendocrine neoplasms

Characteristics Number of Patients (n=161)

Tumour consistency

Predominantly solid 150 (93.2)

Predominantly cystic 11 (6.8)

Tumour margin

Well-defined 158 (98.1)

Poorly-defined 3 (1.9)

Calcification 18 (11.2)

Vascular invasion 15 (9.3)

Pancreatic duct dilatation 26 (16.1)

Bile duct dilatation 8 (5.0)

Lymph node enlargements 16 (9.9)

Hepatic metastases 10 (6.2)

Tumour size† 30.0±20.8

Arterial enhancement ratio* 1.476±0.552

Portal enhancement ratio* 1.341±0.358

Unless indicated, data are numbers of patients, and numbers in parenthe-
ses are percentages

* Data are mean±standard deviation

Table 2 Scan parameters, reconstruction thickness, and delay time for arterial phase of each CT scanner

Somatom Sensation 16 Somatom Definition LightSpeed 16 LightSpeed VCT

Beam collimation (mm) 16×0.75 64×0.6 16×1.25 64×0.625

Beam pitch 1 1 0.984 0.984

Gantry rotation time (sec) 0.5 0.5 0.5 0.5

kV/mAs* 120/200 120/200 120/200 120/200

Reconstruction thickness

Axial pre/arterial/portal (mm) 5/3/3 5/3/3 5/2.5/2.5 5/2.5/2.5

Coronal arterial/portal (mm) 5/5 5/5 5/5 5/5

Delay time for arterial phase (sec)† 10 15 10 15

* Automated dose modulation by using maximum allowable tube current

† After the attenuation of the aorta at the thoracolumbar junction had reached 100 HU
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Statistical analysis

There is no standardized definition of the end points for RFS
of PanNENs; hence, we modified the definition of end points
used in breast cancer trials [17] and the definition of relapse-
free survival in patients with surgically resected PanNENs
[18]. RFS was calculated from the date of surgery (R0 or
R1) to the earliest among the following: the date of PanNEN
recurrence, the date of the last follow-up without evidence of
disease, or the date of death attributable to any cause. Events
of RFS were defined as local recurrence, distant recurrence,
and death attributable to any cause. Recurrence was defined as
local (limited to the operation site and the regional lymph node
basin), distant (metastases to the liver, lung, peritoneum, or
paraaortic lymph node), or both local and distant. A second
primary invasive cancer was not considered as an event in the

RFS [17]. OS was calculated from the date of PanNEN sur-
gery to the date of death, the date the patient was last known to
be alive, or the date of the most recent follow-up. The date of
last known to be alive was assessed with medical record. The
last date of data collection was 1 March 2014.

Univariate Cox proportional hazards analysis was used to
analyze the effect on RFS and OS by clinical-pathologic var-
iables (age, sex, tumour location, tumour type, initial presen-
tation, tumour stage, tumour grade, and residual tumour) and
CT variables (qualitative variables: tumour consistency, tu-
mour margin, calcification, vascular invasion, pancreatic duct
dilatation, bile duct dilatation, lymph node enlargements, and
hepatic metastases; quantitative variables: tumour size, arterial
enhancement ratio, and portal enhancement ratio). The quan-
titative CT variables were dichotomized for the statistical
analysis. To set cutoff values for such dichotomization, we

Table 4 Univariate Cox proportional hazard analysis of clinical-pathologic variables with survival outcomes

Variables Recurrence-free survival (n=157) Overall survival (n=161)

HR 95 % CI p value HR 95 % CI p value

Age 0.722 0.870

≤50 years 1.000 1.000

>50 years 1.139 0.556, 2.333 1.084 0.413, 2.848

Gender 0.071 0.227

Male 1.000 1.000

Female 1.935 0.944, 3.965 1.814 0.690, 4.769

Tumour location 0.774 0.652

Head 1.000 1.000

Body/tail 1.109 0.546, 2.251 1.249 0.475, 3.285

Tumour type 0.157 0.592

Functional 1.000 1.000

Non-functional 2.818 0.671, 11.835 1.497 0.342, 6.564

Initial presentation 0.039 0.012

Incidental 1.000 1.000

Symptomatic 2.138 1.037, 4.406 4.218 1.374, 12.946

Tumour stage, ENETS <0.001 <0.001

I 1.000 1.000

II 1.620 0.598, 4.387 0.573 0.137, 2.402

III 5.590 1.801, 17.347 2.910 0.694, 12.202

IV 17.171 5.853, 50.376 9.755 2.934, 32.433

Tumour Grade, 2010 WHO <0.001 <0.001

Grade 1 1.000 1.000

Grade 2 8.476 3.525, 20.380 3.521 0.944, 13.134

Grade 3 38.405 13.804, 106.850 23.355 7.564, 72.112

Residual tumour 0.162 0.044

R0 1.000 1.000

R1 2.122 0.739, 6.094 3.767 1.070, 13.254

R2 5.518 0.703, 43.335

HR=hazard ratio. CI=confidence interval , ENETS=European Neuroendocrine Tumour Society, WHO=World Health Organization
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performed receiver operating characteristic (ROC) analysis.
For tumour size, we tested 2 cm, 3 cm, and 4 cm as the cutoff
values, because the ENETS staging classification used 2 cm
and 4 cm as T-stage criteria [12]. For the enhancement ratio,
we tested 0.9 and 1.1 as the cutoff values, because the atten-
uation difference between iso-attenuating pancreatic cancer
and the pancreas parenchyma was approximately 10 %, ac-
cording to a previous report [19]. The cutoff value with the

largest sum of sensitivity and specificity on the ROC analysis
was chosen as the optimal cutoff value.

Qualitative variables with p values of less than 0.10 in the
univariate Cox proportional hazards analysis and quantitative
variables determined by ROC analysis were entered as input
variables for a multivariate Cox proportional hazards analysis.
Variable selection was generated by a multivariate Cox pro-
portional hazards model with a backward elimination method.

Table 5 Univariate cox proportional hazard analysis of triphasic CT variables with survival outcomes

Variables Recurrence-free survival (n=157) Overall survival (n=161)

HR 95 % CI p value HR 95 % CI p value

Tumour consistency 0.993 0.549

Predominantly solid 1.000 1.000

Predominantly cystic 1.006 0.303, 3.334 1.572 0.357, 6.921

Tumour Margin <0.001 0.001

Well-defined 1.000 1.000

Poorly-defined 16.060 3.503, 73.631 12.656 2.747, 58.319

Calcification 0.308 *

Absent 1.000

Present 1.590 0.652, 3.879

Vascular invasion <0.001 0.006

Absent 1.000 1.000

Present 7.297 3.486, 15.272 4.294 1.510, 12.206

Pancreatic duct dilatation 0.003 0.084

Absent 1.000 1.000

Present 3.126 1.467, 6.662 2.511 0.882, 7.146

Bile duct dilatation <0.001 <0.001

Absent 1.000 1.000

Present 8.215 3.042, 22.187 8.644 2.806, 26.634

Lymph node enlargements <0.001 0.009

Absent 1.000 1.000

Present 6.211 2.917, 13.224 4.002 1.404, 11.404

Hepatic metastases <0.001 0.001

Absent 1.000 1.000

Present 8.196 3.303, 20.338 6.958 2.218, 21.832

Tumour size

≤3 cm 1.000 1.000

>3 cm 4.768 2.132, 10.663 <0.001 2.832 1.045, 7.675 0.041

Arterial enhancement ratio 0.044 <0.001

>0.9 1.000

≤0.9 6.090 2.346, 15.813

>1.1 1.000

≤1.1 2.085 1.020, 4.263

Portal enhancement ratio 0.001 <0.001

>1.1 1.000 1.000

≤1.1 3.325 1.641, 6.735 7.112 2.504, 20.201

HR=hazard ratio, CI=confidence interval

* An event did not occur during follow-up period
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A test of proportionality was performed to validate a Cox
proportional hazard model for RFS and OS. Kaplan-Meier
survival analysis with a log-rank test was performed for sig-
nificant variables in multivariate analysis. We used the surviv-
al ROC package of R 2.15.3 (R Foundation for Statistical
Computing, Vienna, Austria) for the ROC analysis and SPSS
21 (SPSS Inc., Chicago, IL, USA) for the other statistical
analyses.

Results

Triphasic CT features

Most PanNENs showed predominantly solid consistency
(93.2 %, 150/161) and well-defined margin (98.1 %, 158/
161). Calcification within the tumour (11.2 %, 18/161), vas-
cular invasion (9.3 %, 15/161), pancreatic duct dilatation
(16.1 %, 26/161), and bile duct dilatation (5.0 %, 8/161) were
infrequently observed. Lymph node enlargements and hepatic
metastases were present in 9.9% (16/161) and 6.2% (10/161),
respectively. The tumour size, arterial enhancement ratio, and
portal enhancement ratio was 30.0mm±20.8 (mean±standard
deviation), 1.476±0.552, and 1.341±0.358, respectively.
Triphasic CT features of PanNENs are summarized in Table 3.

Survival outcomes

The median RFS in 157 patients with PanNENs who received
R0 or R1 resection was 34.6 months (range, 23 days –
116.0 months). Thirty-one events occurred during the
follow-up period; distant recurrences in 20 patients, local re-
currence in one patient, both local recurrence and distant re-
currence in five patients, and death from any cause in five
patients. The locations for distant recurrences were liver (n=
21), distant lymph node (n=2), liver and omentum (n=1), and
simultaneous recurrences in liver, distant lymph node, and
lung (n=1). The locations of local recurrences included oper-
ation site (n=3) and regional lymph node (n=3). The median

OS in patients with PanNENs (n=161) who received surgical
resection was 48.4 months (range, 23 days – 123.3 months).
There were 17 deaths from any cause during the follow-up
period.

Survival analysis: univariate

The results of univariate Cox proportional hazard analysis of
clinical-pathologic variables with survival outcomes are sum-
marized in Table 4. Among the clinical-pathologic variables,
symptoms at initial presentation (RFS HR, 2.138; OS HR,
4.218), high ENETS stage (RFS HR, 5.590 [stage III],
17.171 [stage IV]; OS HR, 9.755 [stage IV]), high tumour
grade (RFS HR, 8.476 [G2], 38.405 [G3]; OS HR, 23.355
[G3]), and residual tumour (OS HR, 3.767 [R1]) were associ-
ated with worse survival outcomes.

The results of the univariate Cox proportional hazard anal-
ysis of the CT variables with survival outcomes are summa-
rized in Table 5. Among the qualitative CT variables, a
poorly-defined margin (RFS HR, 16.060; OS HR, 12.656),
vascular invasion (RFS HR, 7.297; OS HR, 4.294), pancreatic
duct dilatation (RFSHR, 3.126), bile duct dilatation (RFSHR,

Fig. 1 Pancreatic neuroendocrine tumour, grade 1 in a 54-year-old
woman. Transverse portal venous phase CT shows a small hyper-
attenuating tumour (arrow) in the pancreas tail. Spleen preserving distal
pancreatectomy was performed. Tumour recurrence was not noted during
the 43-month follow-up period

Table 6 ROC analysis for cutoff values of tumour size and enhancement ratio in recurrence-free survival and overall survival

Variables Recurrence-free survival (n=157) Overall survival (n=161)

AUC Cutoff value Sensitivity Specificity AUC Cutoff value Sensitivity Specificity

Tumour size 2 cm 0.705 0.509 2 cm 0.669 0.450

0.693 3 cm 0.600 0.718 0.615 3 cm 0.545 0.638

4 cm 0.415 0.821 4 cm 0.296 0.751

Arterial enhancement ratio 0.563 ≤0.9 0.218 0.901 0.723 ≤0.9 0.407 0.895

≤1.1 0.367 0.792 ≤1.1 0.511 0.775

Portal enhancement ratio 0.795 ≤0.9 0.155 0.929 0.824 ≤0.9 0.420 0.939

≤1.1 0.542 0.874 ≤1.1 0.790 0.814
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8.215; OS HR, 8.644), lymph node enlargements (RFS HR,
6.211; OS HR, 4.002), and hepatic metastases (RFS HR,
8.196; OS HR, 6.958) were associated with worse survival
outcomes. The results of the ROC analysis of the tumour size,
arterial enhancement ratio, and portal enhancement ratio to
determine the optimal cutoff value are summarized in Table 6.
We set 3 cm as the optimal cutoff value of tumour size. We set
1.1 as the optimal cutoff value of RFS for arterial enhance-
ment ratio, 0.9 as the optimal cutoff value of OS for arterial
enhancement ratio, and 1.1 as the optimal cutoff value of RFS
and OS for portal enhancement ratio. A tumour size (>3 cm)
(RFS HR, 4.768; OS HR, 2.832), an arterial enhancement
ratio (≤1.1 for RFS and≤0.9 for OS) (RFS HR, 2.085; OS
HR, 6.090), and a portal enhancement ratio (≤1.1) (RFS HR,
3.325; OS HR, 7.112) were associated with worse survival
outcomes (Figs. 1 and 2).

Survival analysis: multivariate

The results of the multivariate Cox proportional hazard anal-
ysis are detailed in Table 7. A tumour size (>3 cm) (HR,
3.314; p=0.006), a portal enhancement ratio (≤1.1) (HR,
2.718; p=0.006), and hepatic metastases (HR, 4.374; p=
0.003) were the independent variables found to be associated

with RFS. A portal enhancement ratio (≤1.1) (HR, 5.951; p=
0.001) and hepatic metastases (HR, 4.122; p=0.021) were the
independent variables found to be associated with OS. The
proportional hazard assumption was confirmed by examina-
tion of the log survival curves and by testing of the partial
Schoenfeld residuals, and no relevant violations were found.
The Kaplan-Meier curves (Fig. 3) were significantly different
for a tumour size (>3 cm) (RFS, log-rank p<0.001; OS, log-
rank p=0.033), a portal enhancement ratio (≤1.1) (RFS, log-
rank P<0.001; OS, log-rank p<0.001), and metastasis (≤1.1)
(RFS, log-rank P<0.001; OS, log-rank p<0.001).

Discussion

Our study found that imaging features on triphasic CT can
predict RFS and OS in patients with PanNENs. The most
compelling result is that portal enhancement ratio assessed
on CT can be used as an independent prognostic factor of
RFS and OS in patients with PanNENs. In this study, patients
with PanNENs that had a low portal enhancement ratio (≤1.1)
(i.e., an iso- attenuating or hypo-attenuating tumour during the
portal venous phase) on CT showed increased recurrence and
mortality risk compared with PanNENs with a high portal
enhancement ratio (>1.1) (i.e., hyper-attenuating tumour dur-
ing portal venous phase). This result is consistent with a pre-
vious study [7] in which hypo-attenuating PanNENs during
pancreatic phase CTcorrelated with a decreased OS. Rodallec
et al. [7] reported hypo-attenuating PanNENs on a pancreatic
phase CT were correlated with poor differentiation. Tumour
blood flow assessed with a perfusion CT in patients with
PanNENs was also significantly lower in tumours with a high
(>2 %) proliferative index [8]. Previous studies [20–22] also
reported that a low intratumoural microvessel density could be
an unfavourable histoprognostic factor. However, two other
studies failed to show a correlation between the degree of
tumour enhancement and the grade of PanNENs on CT [11]
and MR [23]. This discrepancy might be explained by the
cutoff point in pathology analysis. Those two earlier studies
divided the PanNENs into benign diagnosis versus non-
benign diagnosis [11] or G1 versus G2 [23].

Two interesting observations of this study are the associa-
tion between survival outcome and tumour size and between

Table 7 Multivariate cox
proportional hazard analysis Variables Recurrence-free survival (n=157) Overall survival (n=161)

p value HR 95 % CI p value HR 95 % CI

Tumour size (>3 cm) 0.006 3.314 1.419, 7.738

Portal enhancement ratio (≤1.1) 0.006 2.718 1.328, 5.560 0.001 5.951 2.045, 17.318

Hepatic metastases 0.003 4.374 1.663, 11.509 0.021 4.122 1.236, 13.738

Variables were selected by logistic regression analysis with backward elimination method

Fig. 2 Pancreatic neuroendocrine carcinoma, grade 3 in 56-year-old
man. Transverse portal venous phase CT shows a hypo-attenuating
tumour (arrow) in the pancreas tail and splenic vein thrombus in
splenic hilum (black arrowhead) and splenoportal junction (white
arrowhead). Distal pancreatectomy, splenectomy, and portal vein
resection were performed. Tumour recurrence was identified in liver on
the follow-up CT, obtained 5 months later. This patient deceased at
13 months after operation
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survival outcome and lymph node enlargements. Our study
showed that PanNENs larger than 3 cm were associated with
a high rate of recurrence and worse survival on univariate
analysis. A tumour larger than 3 cm was an independent var-
iable of RFS, but not of OS in multivariate analysis. Lymph
node enlargements were associated with high recurrence and

worse survival in the univariate analysis, but not in the multi-
variate analysis. There was a suggestion that the importance of
tumour size and lymph node metastases in the staging classi-
fication is questionable [24]. The survival discrimination seen
in the staging classification might likely stem from the T-stage
and N-stage serving as a proxy for other prognostic factors

Fig. 3 Kaplan-Meier curves for recurrence-free survival (a) and overall
survival (b) based on tumour size (>3 cm). Kaplan-Meier curves for
recurrence-free survival (c) and overall survival (d) based on portal

enhancement ratio (≤1.1). Kaplan-Meier curves for recurrence-free
survival (e) and overall survival ( f ) based on hepatic metastases

Eur Radiol (2016) 26:1320–1329 1327



that have been shown to be significant for PanNENs such as
tumour differentiation and functional status [24].

Among qualitative CT findings, a poorly defined margin,
vascular invasion, and bile duct dilatation were found to be
associated with high recurrence and worse survival on univar-
iate Cox proportional hazard analysis. These findings were
more frequently observed in G3 NEC than G1/2 NET [9],
but the incidence of poorly defined margin, vascular invasion,
and bile duct dilatation was 1.9 % (3/161), 9.3 % (15/161),
and 5% (8/161), respectively. These characteristics were pres-
ent at a low incidence among all PanNENs, and were not
included in the independent variables for RFS or OS in mul-
tivariate analysis.

One of the important changes in the revised 2010 WHO
classification of PanNENs was the replacement of the hybrid
grade-based and stage-based classification systemwith a pure-
ly grade-based classification system [1, 25]. Tumour stage
should also be determined because it is also an independent
prognostic factor. If there is a discrepancy between the tumour
grade and stage, predicting the likely clinical outcomes in
patients with PanNENs based on the revised 2010WHO clas-
sification is difficult. In our study, we used various CT input
variables for the multivariate Cox proportional hazard analy-
sis. These input variables included the tumour size (CT T-
stage), lymph node enlargements (CT N-stage), liver metasta-
ses (CT M-stage), and the portal enhancement ratio. Consid-
ering the fact that the portal enhancement ratio might be asso-
ciated with the grade of PanNENs, the results of our multivar-
iate analysis may represent a hybrid classification including
both stage and grade of PanNENs.

Our study had several limitations. First, we did not obtain
the interobserver variability of the qualitative image analysis
due to the consensus review by two radiologists. However,
image analyses were performed by experienced abdominal
radiologists and disagreements were uncommon. Disagree-
ments were present in CT parameters such as tumour shape,
vascular invasion, and lymph node enlargements. Second, we
used various CT scanners and parameters. The surgically con-
firmed PanNENs are not common. This limitation was due to
the long study period and retrospective study design. Third,
we limited our study population to patients who received sur-
gical resection. If we extended our study population to cases
diagnosed with PanNENs based on a biopsy or surgery, this
may have introduced many confounders. In selected cases,
observation may be considered for small PanNENs. In ad-
vanced cases, molecular therapy, such as everolimus or suni-
tinib, or cytotoxic chemotherapy may be considered without
surgery. Fourth, we performed dichotomization for continu-
ous variables and this may have caused information loss dur-
ing statistical analysis. However, the cutoff values were deter-
mined based on clinical and practical rationale.

In conclusion, a tumour size larger than 3 cm, an iso-
attenuating or hypo-attenuating tumour during the portal

venous phase, and hepatic metastases are the CT parameters
associated with worse RFS in patients with PanNENs. An iso-
attenuating or hypo-attenuating tumour during the portal ve-
nous phase and hepatic metastases are the CT parameters as-
sociated with worse OS in patients with PanNENs. An iso-
attenuating or hypo-attenuating tumour during the portal ve-
nous phase and hepatic metastases are the common CT pa-
rameters associated with a worse RFS and OS in patients with
PanNENs.
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