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Abstract
Background: Neuroendocrine carcinomas (NECs) are diag-
nosed through a combination of immunohistochemistry 
(IHC) and morphology according to WHO guidelines. The 
presence of these crucial components for classification in 
the pathology report is critical for appropriate understand-
ing of the report especially since terminology and definitions 
of NEC have been changing a lot lately. Objectives: The aim 
of this study is to assess the effect of WHO 2010 on the qual-
ity of pathology reporting for NEC and to assess the rele-
vance of the criteria demanded. Methods: Patients regis-
tered with a NEC (gastrointestinal or unknown origin) in the 
Netherlands Cancer Registry (NCR) between 2008 and 2012 
were included. Local pathology reports were reviewed for 
reporting of morphology and IHC comparing 2008–2010 
(baseline) with 2011–2012. The diagnosis of NEC was con-
firmed according to WHO 2010, if synaptophysin or chromo-
granin were positive in a majority of cells and Ki-67 or mi-
totic count confirmed a grade 3 tumour. Results: 591 pa-
tients were registered with a NEC in the NCR. 436 pathology 
reports were reviewed. 62.2% of reports described morphol-

ogy, IHC and grading in accordance with WHO 2010. Report-
ing of these parameters increased from 50.0% in 2008 to 
69.2% in 2012. Large-cell NEC could be confirmed in 45.0% 
of patients, increasing from 31.7% in 2008 to 56.7% in 2012 
(p = 0.02). Other diagnoses included neuroendocrine tu-
mour (NET) G1/2 13.3%, small-cell carcinoma 2.8%, no neu-
roendocrine neoplasm (NEN) 17.7%, NEN grade unknown 
21.3%. Mean survival was 1.1 years in large cell NEC versus 
2.2 years in NET G1/2 (p = 0.005). Conclusion: Implementa-
tion of the WHO 2010 guideline is associated with a signifi-
cant increase in reporting parameters needed for classifica-
tion. Stratification of patients is more reliable based on re-
ports containing all parameters. Guidelines alone however 
are not enough to warrant complete reporting; synoptic re-
ports might be needed. © 2020 The Author(s)

Published by S. Karger AG, Basel

Introduction

Histopathology is fundamental for the diagnosis of 
neuroendocrine neoplasms (NENs). Biomarkers and im-
aging can certainly provide circumstantial evidence, but 
a biopsy is needed to confirm the diagnosis and for prog-
nostic stratification [1]. The histopathological diagnosis 
is mainly based on neuroendocrine immunohistochem-
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istry (IHC) (chromogranin A and synaptophysin) fol-
lowed by grading using the Ki-67 and mitotic index. The 
correct diagnostic classification is of great importance for 
several reasons: firstly, for the individual patient as diag-
nosis and grading is critical for the selection of correct 
treatment. Secondly, a uniform diagnosis is needed to in-
terpret clinical trials and cohort studies. Due to frequent-
ly changing definitions and nomenclature around this 
topic, it is essential that all necessary parameters for the 
diagnosis of a NEN are mentioned in the pathology report 
to ensure a reliable and reproducible diagnosis. It is often 
assumed that publication of a guideline ensures this much 
needed correct and uniform diagnosing. In the last de-
cades the classification of NENs has evolved from a clas-
sification based on embryological origin [2] via a classifi-
cation based on morphology (well vs. poorly differenti-
ated) and size [3] to a classification based on proliferative 
activity [4]. In the most recent WHO classification of 
2017 of neuroendocrine tumours (NETs) of the pancreas, 
high-grade tumours are separated again based on mor-
phology [5]. In 2010 the classification of NENs changed, 
parting with a system defining a high-grade malignant 
group based on metastases, invasion and differentiation. 
Simultaneously, the pathology reports should have 
evolved along with the evolution of NEN classification. 
Therefore, we set out to investigate whether the imple-
mentation of the WHO 2010 guideline actually changed 
pathology reporting for non-lung neuroendocrine carci-
noma (NEC) in the Netherlands and whether the guide-
line resulted in uniform and complete pathology report-
ing. To evaluate the pertinence of complete reporting, the 
relation with survival was investigated.

Methods

In the Netherlands, information on all patients with cancer is 
recorded in the Netherlands Cancer Registry (NCR), which covers 
95% of all cancers. Primary notification occurs through the histo-
pathological diagnosis made by the local pathologist. Demograph-
ics, tumour characteristics and treatment are also registered. Mor-
phology and topography of the tumour are recorded using the In-
ternational Classification of Disease for Oncology, third edition 
(ICD-O3). The data manager of the NCR is obligated to follow the 
conclusion of the local pathologist. The data manager selects an 
ICD-O3 code based on the histopathological conclusion by the 
pathologist. For this study all patients with a large-cell extrapul-
monary NEC (ICD-O3 code M8013) or a NEC not otherwise spec-
ified (ICD-O3 code M8246) were included if registered from 2008 
to 2012. Only tumours from the gastrointestinal tract or unknown 
primary tumour were included. From the NCR, vital status, extent 
of disease, primary origin, age at diagnosis and gender were col-
lected. Using an anonymized link via a third trusted party between 

PALGA [6] (the nationwide network and registry of histo- and 
cytopathology in the Netherlands) and the NCR, pathology reports 
of these patients were obtained from the time of diagnosis. Micros-
copy text was reviewed for morphological appearance, IHC, Ki-67 
index, mitotic figures, necrosis and differentiation. 

As the aim of this study was to demonstrate a change in pathol-
ogy reporting after the implementation of WHO 2010, we used 
pathology reports from the period 2008–2010 as baseline to com-
pare with reports after WHO 2010 in the period 2011–2012. This 
was possible because the ICD-O3 codes did not change in 2010. 
Percentages of cases with complete reporting of neuroendocrine 
markers, mitotic index and Ki-67 index were calculated for the pe-
riod 2008–2010 (baseline) and 2011–2012 to potentially demon-
strate differences in diagnostic strategy [7]. Thereafter we aimed 
to study whether the implementation of the WHO 2010 resulted 
in a more uniform diagnostic pattern. Using the reports from pa-
tients registered in the NCR as well as the information from the 
original pathology report we classified NECs (M8013 or M8246) 
using the flow chart shown in Figure 1. We aimed to reproduce the 
diagnosis of a NEC with use of the described morphology, IHC and 
grading. First only patients concluded to have a NEC by the local 
pathologist were included. Pathology conclusions diagnosing 
small-cell carcinoma, low-grade NEN or carcinoma with neuroen-
docrine differentiation were regarded to be registered incorrectly. 
They were excluded because the quality standard defined for NEC 
did not apply for these tumours.

If no IHC was described at all, the patient was excluded, as IHC 
might have been performed but could not be tracked with the 
method used. Then, reports were classified as reporting a small-
cell or large-cell carcinoma, either on the basis of the morphologi-
cal description mentioning moulding of nuclei or lack of cyto-
plasm or based on the histopathological conclusion. As small-cell 
NECs can be (focally/faintly) positive or negative for neuroendo-
crine IHC, these cases were not analysed for the presence of im-
munohistochemical parameters. 

As a third step, large-cell carcinomas required a report of a ma-
jority of tumour cells positive with immunohistochemical staining 
for either chromogranin or synaptophysin. Immunohistochemical 
staining for CD56 was also registered but was not used for classi-
fication as NEN as it is an adhesion molecule and not a neuroen-
docrine protein [8]. If a neuroendocrine stain was not described, 
while other (non-neuroendocrine) markers were described, the 
neuroendocrine marker was assumed not to be performed. If all 
neuroendocrine stains were negative or weakly positive, the diag-
nosis was revised to “Large cell carcinoma not otherwise specified” 
(LCC NOS). 

As a fourth step proliferative indexes, mitosis and Ki-67 index, 
were evaluated. The Ki-67 index was required to be higher than 
20% or the mitotic count needed to be higher than 20 per 10 high-
power fields (HPF) in accordance with ENETS/WHO 2010 grad-
ing [8], for the tumours to be classified as NEC. When there was a 
discrepancy between Ki-67 and mitotic count, the highest grade 
was used for stratification. Patients with a Ki-67 index smaller than 
20% and mitotic count below 20 per 10 HPF were recorded as a 
low-grade  NET. If no Ki-67 assessment was done and mitotic in-
dex not mentioned, NENs were classified as “NEN, unknown 
grade.” In certain cases, the Ki-67 or mitotic count was described 
subjectively (e.g. high/low or abundant). Cases with high or abun-
dant proliferation parameters were classified as NEC and with low 
levels as NET.
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To determine the adherence to the WHO 2010 guideline, per-
centages of cases with complete reporting of neuroendocrine 
markers, mitotic index and Ki-67 index were calculated. A χ2 test 
was performed to test whether the proportion of cases in which all 
WHO 2010 parameters were reported increased for the years 
2008–2012. To validate the model, survival of the different diag-
nostic groups was estimated with a Kaplan-Meier estimation, and 
difference in survival was tested with a log-rank test. A univariate 
analysis was performed to calculate hazard ratios (HRs).

Results

From 2008 through 2012, a total of 591 patients were 
registered in the NCR with a large-cell extrapulmonary 
NEC (M8013) or a NEC not otherwise specified (M8246) 
from the gastrointestinal tract or unknown origin. Seven 
patients were excluded because of a NEN being reported in 
the PALGA pathology registry before 2008, and another 55 
patients were excluded due to missing microscopy or IHC 
and therefore were not applicable for this study. Of the re-
maining 529 NEC cases in the NCR, 436 (82.4%) were con-
sidered to be a NEC in the local pathology report conclu-
sions. The 93 NCR cases for which the local pathology re-

port assigned different conclusions included small-cell 
carcinoma (n = 15, 2.8%), carcinoma with neuroendocrine 
differentiation (n = 29, 5.5%), low-grade NET (n = 42, 
7.9%) or other carcinomas (n = 7, 1.3%). These tumours 
were regarded to be misclassified. As the defined quality 
criteria do not apply for these (non-NEC) tumours, only 
the 436 patients with a confirmed NEC conclusion in the 
pathology report were included in the further assessments. 
These patients were on average 66.8 years old, and 56.2% 
were male. Most patients had a primary tumour in the co-
lon, pancreas or of unknown primary origin (16.3, 16.1 and 
41.3% of cases, respectively; Table 1).

Pathology Reporting
Of all 436 patients it was possible to deduce the cell 

type from either the histopathological conclusion or the 
morphological description in the pathology report. Of 
these 436 patients the morphology of 424 (97.2%) tu-
mours was described as large cell. The remaining 12 
(2.8%) small-cell carcinomas were excluded from further 
analyses. 

A synaptophysin stain was reported in 356 patients 
(84.0%), and chromogranin staining was reported in 361 

Large-cell carcinomas with
pos. NET IHC (n = 347)

NEC (n = 196)5

Large-cell carcinoma
(n = 424)

- NEN before 2008 (n = 7)
- Missing microscopy/IHC

(n = 55)

Pathology report conclusion:
- other than NEC (n = 93)

591 cases registered in NCR

NEC conclusions (n = 436)

Small-cell carcinoma
(n = 12)1

Large-cell carcinoma NOS
(n = 77)2

Low-grade NET
(n = 58)3

Large-cell NEN, no grade
(n = 93)4

Exclusion criteria

Morphology

Immunohistochemistry

Grading

Fig. 1. Flow chart of neuroendocrine carci-
noma (NEC) diagnosis. 1 Small-cell carci-
noma. 2  Large-cell carcinoma, not other-
wise specified (NOS; negative IHC). 3 Low-
grade neuroendocrine tumour (NET; 
positive immunohistochemistry, IHC, Ki-
67 < 21% or mitotic count < 21 per 10 HPF). 
4  Large-cell neuroendocrine neoplasm 
(NEN), not graded (positive IHC, missing 
Ki-67 and mitotic count). 5 True NEC (pos-
itive IHC and Ki-67 > 20% or mitotic count 
> 20 per 10 HPF).
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(85.1%) patients (Fig. 2). Of 398 (93.9%) tumours at least 
one neuroendocrine marker was reported. Grade was re-
ported in smaller amounts of patients: Ki-67 was reported 
in 185 (43.6%) patients and mitotic rate in 180 (42.5%). 
Sixty-nine percent of cases could be graded because either 
Ki-67 (n = 107, 25.2%), mitotic rate (n = 112, 26.4%) or 

both (n = 73, 17.2%) were reported. Altogether, in 268 
(63.2%) patients all necessary biomarkers for diagnosis 
and grading could be assessed. In 2008, 50.0% of reports 
included IHC and grading, increasing to 70.6% in 2012  
(p = 0.01). This was mainly determined by the reporting 
of grade (mitosis or Ki-67), increasing from 63.7% in 
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Fig. 2. Completeness of pathology reports 
of neuroendocrine carcinomas from 2008 
to 2012 (percentage). IHC, immunohisto-
chemistry; any neuroendocrine IHC, either 
synaptophysin or chromogranin was re-
ported. * p < 0.05, ** p < 0.001. 

Table 1. Demographic and disease characteristics

Age, years 66.7±12.6
Male, n (%) 245 (56.2)
Primary tumour, n (%)

Oesophagus 20 (4.6)
Gastroduodenal 48 (11.0)
Small intestine 15 (3.4)
Colon 71 (16.3)
Rectum 32 (7.3)
Pancreas 70 (16.1)
Unknown 180 (41.3)

Extent of disease, n (%)
Localized 89 (20.4)
Advanced 168 (38.5)
Unknown 179 (41.1)

Characteristics of 436 cases with a conclusion of neuroendo-
crine carcinoma in their local pathology reports. Age: mean ± SD
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Fig. 3. Overall survival stratified for diagnosis. Results of the Ka-
plan-Meier analysis of overall survival (p = 0.02).
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2008–2010 to 74.6% in 2011–2012 (Fig. 2, p = 0.01). The 
increase in Ki-67 reporting alone was higher: from 34.5% 
in 2008–2010 to 53.7% for 2011–2012 (p < 0.001). Necro-
sis and differentiation were seldom reported (25.2 and 
24.3%). 

Classification
Reviewing conclusions and description of morpholo-

gy in the pathology reports demonstrated that 196 (46.2%) 
patients were diagnosed with positive neuroendocrine 
markers and either mitosis or Ki-67 compatible with a 
NEC in accordance with WHO 2010 guidelines (Fig. 1). 
Other diagnoses included low-grade NETs (n = 57, 
13.4%), and 78 (18.4%) had a large-cell carcinoma but the 
neuroendocrine differentiation could not be confirmed 
with IHC (LCC NOS), because IHC was negative (n = 23); 
IHC was only described as weakly positive (n = 29), or no 
neuroendocrine markers were described at all (n = 26). 
However, CD56 was positive in 64.1% of the LCC NOS 
(50/78), possibly explaining why these tumours were (in-
correctly) classified as neuroendocrine. In 93 patients 
with a NEN (21.3%), grading was not possible due to 
missing Ki-67 or mitotic count.

Introduction of the WHO 2010 resulted in a clear in-
crease in reproducibility of NEC diagnoses. From 2008 to 
2010, 31.7–40.7% of patients could be classified as NEC 
with positive IHC and grading. This increased to 48.0 and 
56.7% in 2011 and 2012 (p = 0.02, Table 2). 

Overall Survival and Prognostic Factors
Overall survival patterns are in accordance with the 

histopathological classifications (Fig. 3). Low-grade NETs 
were associated with the longest survival (mean survival 
2.2 years) while the mean survival of NEC was 1.2 years 
(p = 0.02). Mean Ki-67 in the group with low-grade NET 
was 11% with more than 70% of patients having a Ki-67 
of > 10. 

Only low-grade NET was a significant predictor in a 
univariate analysis with an HR of 0.60 (95% CI: 0.44–
0.82). LCC NOS (HR 1.01, 95% CI: 0.77–1.33) and NEN, 
no grade (HR 1.06; 95% CI: 0.82–1.38), showed similar 
overall survival when compared to NEC.

Discussion

Diagnostic standards for NEN are described in the 
WHO 2010 and 2017 guideline for the classification  
of tumours and the Standard of Care for pathology by 
ENETS [5, 9]. The main changes in the WHO 2017 guide-
line for NETs of the pancreas, which will probably also be 
adopted for NETs of the gastrointestinal tract, are the 
slight change in cut-off between grade 1 and 2 NET and 
the introduction of a further stratification in high-grade 
NEN. This study demonstrates that implementation of 
new guidelines for reporting is an effective measure. Im-
plementation of the WHO 2010 was associated with an 
increase in the use of grading based on Ki-67 or mitotic 
count from 63.7 to 74.6%, but still many important pa-
rameters are lacking in the pathology reports. Even after 
2010, only 43.2–57.8% of NECs were classified with re-
porting of all the necessary parameters. The importance 
of the completeness of the report is highlighted by the fact 
that due to this completeness, well-differentiated NETs, 
having a different survival, could be recognized. 

Incorrect classification in the NCR seemed to be pres-
ent. In 93 (17.5%) patients the conclusion in the pathol-
ogy report stated a different diagnosis than NEC. Dis-
crepancies in the written information in the patient files 
apart from pathology reports are a challenge for NCR 
data managers to report these rare types of cancers cor-
rectly. Additionally, due to this diversity it is difficult to 
build on expertise for the 168 NCR data managers as NEN 
can be diagnosed in all Dutch hospitals.

Table 2. Diagnosis per year

2008 2009 2010 2011 2012 Total

Neuroendocrine carcinoma, n (%) 19 (31.7) 35 (42.7) 35 (43.2) 48 (48.5) 59 (57.8) 196
Low-grade neuroendocrine tumour, n (%) 10 (16.7) 19 (23.2) 8 (9.9) 12 (12.1) 8 (7.8) 58
Neuroendocrine neoplasia, no grade, n (%) 15 (25.0) 18 (22.0) 21 (25.9) 23 (23.2) 16 (15.7) 93
Large-cell carcinoma NOS, n (%) 16 (26.7) 10 (12.2) 17 (21.0) 16 (16.2) 19 (18.6) 77

Total 60 82 81 99 102 424

Reproducibility of diagnosis with parameters of WHO 2010. NOS, not otherwise specified.
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Secondly, a large number of pathology reports did not 
describe all necessary parameters to diagnose a NEC. This 
has also been observed in several other cancers. Com-
pleteness of pathology reports varies between 10 and 
100% but is often around 30% [10]. For example, in a re-
cent Italian study, pathology reports for cutaneous mela-
noma were complete in 77.8% of cases [11]. Thyroid can-
cer pathology reports were complete in an Australian 
study in only 36.4% of cases [12]. In that perspective, ad-
herence to pathology guidelines for NEN seems compa-
rable with other cancers, and as such the result of the cur-
rent study is not unique for NEN. The low adherence to 
pathology guidelines for diagnosis is probably not only 
caused by the rarity of NENs. 

As the diagnosis of a NEC is based on morphology, 
neuroendocrine IHC and thereafter the demonstration 
of a high proliferation rate using the Ki-67 index. These 
parameters have major implications for the treatment of 
NEN patients. This is demonstrated by the different 
therapies in ENETS guidelines for high-grade NEC and 
low-grade NET [8, 13]. It is therefore essential that the 
pathologist reports the morphology, IHC and grading in 
a uniform fashion and that the treating physician can 
recognize these parameters to verify the diagnosis of the 
patient. The pathology reports in this study were all 
written as a narrative, but this way of reporting is famed 
for missing parameters and thus misinterpretation [14]. 
Since 2010, in the Netherlands, synoptic reporting is 
available and widely used since 2013. These synoptic re-
ports contain standardized reporting language and 
mandatory parameters. This style of reporting has been 
shown to significantly increase completeness of pathol-
ogy reports to nearly 100% for various cancers [10, 15]. 
The next Standard of Care could suggest such a stan-
dardized report. 

A third reason for the incorrect classification could 
lie in the previous classification (WHO 2000). This clas-
sification defined three groups, based on size, metastases 
and differentiation. All metastatic disease was classified 
as endocrine carcinoma with a further differentiation 
between low- and high-grade malignant behaviour 
based on differentiation. This could partly explain the 
pathology conclusions of NEC before 2010, while with 
the current WHO guideline a low-grade NET would be 
diagnosed. However, the mandatory differentiation 
(poor vs. well) was only reported in 28.4% of reports be-
fore 2010, further underlying the need for a standard-
ized report. 

The importance of correct diagnosing is illustrated by 
the clear difference in survival between low-grade NET 

and true NEC (Fig. 3). While tumours were considered to 
be a NEC by the local pathologist, we recognized a NET 
grade 1 or 2 in 13.7% of patients due to the reported pro-
liferation markers in the report. These NETs had a sig-
nificantly longer survival confirming the heterogeneity in 
the cohort and the importance of uniform reporting and 
classification. The current study showed that despite im-
plementation of the WHO 2010 guideline, one or more 
items were missing for classification and grading in 26.8% 
of the pathology reports.

Although well-differentiated NEN, especially in resec-
tion specimens, can be readily diagnosed without IHC as 
also stated in the paper of the Delphic consensus process 
[16], poorly differentiated NECs lose their neuroendo-
crine morphology and can often only be recognized with 
neuroendocrine markers. Therefore, the reporting of 
neuroendocrine markers is essential in this group of pa-
tients. Moreover, as these tumours are morphologically 
seen in a biological continuum, estimation of the prolif-
erative activity by mitotic count and Ki-67 staining is 
again shown to predict survival. Thus, although publica-
tion of the WHO 2010 guideline is associated with a sig-
nificant increase in reporting parameters needed for clas-
sification, essential parameters are still lacking in almost 
one quarter of reports. Universal application will remain 
a utopia in narrative reports. Synoptic reporting might 
give an important boost to meet requirements more 
quickly. 
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