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Simple Summary: High grade neuroendocrine tumours and carcinomas (NETs/NECs) behave
aggressively and have limited survival outcomes. The mainstay of therapy is systemic therapy,
in which the associated side-effects are a key consideration in a palliative population. We have
conducted a retrospective review of patients with high grade NETs and NECs to determine possible
tests that will predict survival before patients start treatment. This will allow patients to avoid
potentially toxic treatment that is unlikely to be of benefit.

Abstract: Background: High-grade neuroendocrine tumours and carcinomas (NET/NECs) behave
aggressively, typically presenting at an advanced stage. Prognosis is poor, with median survival
between 5 and 34 months. The mainstay of treatment is palliative systemic therapy. However,
therapy carries a risk of toxicity, which can reduce quality of life. Therefore, accurate prognostic
scores for risk stratification of patients with high-grade NET/NECs are needed to help guide patient
management to decide whether active treatment is likely to improve overall survival (OS). We
aimed to compare the prognostic ability of published prognostic scores to predict OS in a cohort of
patients with high-grade NET/NECs of any primary site. Methods: Treatment, biochemical and
clinicopathological data were collected retrospectively from 77 patients with high-grade NET/NECs
across three hospitals between 2016 and 2020. Variables including performance status (PS), Ki-67,
age at diagnosis, previous treatment and presence of liver metastases were recorded. Pre-treatment
neutrophil-lymphocyte ratio (NLR), platelet-lymphocyte ratio, modified Glasgow prognostic score
(mGPS), and gastrointestinal neuroendocrine carcinoma (GI-NEC) score were derived. Univariable
and multivariable survival analyses were used to assess prognostic ability. Results: The median age
of the cohort was 63 years (range: 31-85); 53% of subjects were female. Grade 3 NETs (G3-NETs)
were identified in 32 patients and NECs in 45 patients. The median OS was 13.45 months (range:
0.87-65.37) with no difference observed between G3-NETs and NECs. Univariable analysis revealed
that NLR (n =72, p = 0.049), mGPS (n = 56, p = 0.003), GI-NEC score (1 = 27, p = 0.0007) and Ki-67
(n = 66, p = 0.007) were significantly associated with OS. Multivariable analysis confirmed that
elevated mGPS (p = 0.046), GI-NEC score (p = 0.036), and Ki-67 (p = 0.02) were independently
prognostic for reduced OS across the entire cohort. mGPS was identified as an independent prognostic
factor in G3-NETs. Independent predictors of OS in NECs were PS and Ki-67. Conclusions: mGPS,
PS and Ki-67 are independent prognostic markers in high-grade NET/NEC patients. Our study
supports the use of these prognostic scores for risk stratification of patients with high grade cancers
and as useful tools to guide treatment decisions.
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1. Introduction

Neuroendocrine neoplasia (NEN) is relatively rare; however, unlike many other tu-
mour types, the incidence is rising significantly, increasing almost five-fold over 30 years in
the United States. The term ‘NEN’ describes a collection of heterogenous neoplasms which
arise from the cells of endocrine glands as well as the diffuse neuroendocrine system [1].
The most common primary tumour sites are in the gastrointestinal (GI) tract, including
the pancreas (62-67%), and the pulmonary system (22-27%) [1]. The management and
prognosis of NENs is guided by tumour stage, grade and morphology. Grade is determined
by the mitotic count and/or Ki67 proliferation index: low grade or grade 1: Ki67 < 3%,
moderate or grade 2: Ki67 between 3-20%, and high grade or grade 3: Ki67 > 20%. In
recognition of the heterogeneity in survival and response to treatment in patients with
high grade NENSs, grade 3 NENSs are further classified into well differentiated neoplasias
(G3-NETs) and poorly differentiated carcinomas (NEC) [2—4].

The majority of patients with NECs present with metastatic disease and in this setting
palliative chemotherapy is the mainstay of treatment [5,6]. Etoposide/platinum-based
chemotherapy is the standard first-line combination, borne from its established therapeutic
role in small cell lung cancer [7,8] with reported response rates of 31-67% and median
OS of 12-19 months [7-9]. Irinotecan and the alternative platinum-based chemotherapy,
carboplatin, are also used with varying benefit; prospective randomised trials are absent
and therefore the superiority of any one type of chemotherapy regimen cannot be estab-
lished [6]. G3-NETs respond poorly to chemotherapy; recent publications suggest a low
response rate to platinum based regimens [10,11]. Guidelines suggest this group of patients
may benefit from therapies used in grade 2 NENSs but there is a paucity of prospective
data [4]. The role of systemic chemotherapy in metastatic NENs is that of palliation, where
the primary aim of therapy is to improve quality of life. Given that chemotherapy carries a
substantial risk of toxicity, accurately predicting at diagnosis which patient sub-populations
are likely to have better prognoses and derive clinical benefit from treatment, in terms
of OS, is of key importance. There is also growing evidence of the benefit of peptide
receptor radiotherapy in selected patients with G3-NETs [12]. Given the cost and duration
of therapy, prognostic indices are required.

The NORDIC-NEC study of 305 patients investigated possible prognostic factors in a
mixed cohort of G3-NETs and NECs. The study identified performance status (PS) as the
strongest predictor of survival; however, PS is a subjective assessment and has been shown
to be limited in predicting patient outcomes [13]. Elevated platelets (>400 x 10° /L), lactate
dehydrogenase (LDH), primary site and Ki-67 of >55% were all identified as independent
prognostic factors of survival [3]. Contrastingly, Lamarca et al. [14] identified a Ki-67 level
of 80%, in their design of the gastrointestinal neuroendocrine carcinoma (GI-NEC) score, as
an important cut-off for survival between groups. Other significant prognostic markers
incorporated into the GI-NEC score were LDH, PS, alkaline phosphatase (ALP) and pres-
ence of liver metastases [14]. A further retrospective study of 151 patients with intestinal
and pancreatic NENs (70% of whom were grade 3), identified age at diagnosis >65 years,
presence of metastases, higher grade and large primary tumour size as adverse prognostic
markers [15].

Systemic inflammation has been shown to be prognostic in a large number of tumour
types and as a marker of more aggressive tumour behaviour [16]. The modified Glasgow
prognostic score (mGPS) incorporates the inflammatory marker C-reactive protein (CRP)
and albumin levels, which reflect systemic inflammation, in a well validated score that
stratifies patients into three prognostic groups [17]. Other inflammatory markers that are
reported as adversely prognostic are platelet-lymphocyte ratio (PLR) > 300 x 10?/L and
neutrophil-lymphocyte ratio (NLR) > 5 [18]. The prognostic role of the inflammatory
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scores has been evaluated in well-differentiated NENSs, but has not been evaluated in
G3-NET/NECs [19]. Therefore, our study aimed to assess and compare the prognostic
ability of inflammatory based prognostic scores to GI-NEC score and Ki-67, to predict OS
in a mixed cohort of patients with G3-NETs and NECs of any primary site in a real-world
population.

2. Methods and Materials
2.1. Study Design

This was a retrospective multi-center cohort study of patients with G3-NET/NECs,
defined as Ki-67 > 20%, attending Imperial College Healthcare NHS Trust, Brighton and
Sussex University Hospital, and Maidstone Hospital. Data was collected from available
paper and electronic patient records between January 2016 and March 2020.

Patient age, sex, date of diagnosis, primary tumour site, stage, location of metastases,
Ki-67, morphology, first and second-line treatments, number of treatment cycles, best
response to chemotherapy as determined by the Response Evaluation Criteria in Solid
Tumours (RECIST v1.1) [20], baseline haematological biochemical results (before first
treatment), PS, date of first chemotherapy treatment, date of radiological progression and
date of death or last follow-up were collected where available.

2.2. Study Population

Although 84 patients were originally identified, seven were excluded due to inaccessi-
ble archived patient records. The remaining 77 patients all had a confirmed G3-NETs or
NECs of any primary site or G3-NETs or NECs of unknown primary—excluding paragan-
gliomas and phaeochromocytomas.

2.3. Prognostic Scores

Pre-treatment laboratory tests required to derive the prognostic scores were collected
including white blood cell (WBC), neutrophil, lymphocyte, platelet, albumin, CRP and
LDH. The derivation of all prognostic scores studied is illustrated in Table 1.

Table 1. List of prognostic scores and the defined comparative groups.

Prognostic Score Comparative Groups
Neutrophil-Lymphocyte Ratio [21] Ratio <5
Ratio > 5
Platelet-Lymphocyte Ratio [18] Ratio <300
Ratio > 300

Score 0 = CRP < 10 mg/L + Albumin <35 g/L

Modified Glasgow Prognostic Score (mGPS) [17] Score 0 = CRP < 10 mg/L + Albumin > 35¢g/L

Score 1 = CRP > 10 mg/L + Albumin > 35 g/L
Score 2 = CRP > 10 mg/L + Albumin <35 g/L

Gastrointestinal Neuroendocrine Carcinoma (GI-NEC) Score [14]

Group A = 0-2 points

Group B = 3-6 points

Abbreviations: C-Reactive protein (CRP), white blood cell (WBC). Points for the GI-NEC score are allocated for: presence of liver metastases
(1), alkaline phosphatase (0 = <82, 1 = 83-289, 2 = >290 U/L), lactate dehydrogenase (0 = <827, 1 = >828 U/L), Performance status (PS)
(0=0/1,1=>2),Ki-67 (0= <80, 1 =>80%) [14].

The endpoint was overall survival (OS), defined as the period between initial tissue
diagnosis to last clinical follow-up or date of death. OS was chosen as the more appropri-
ate outcome for assessment rather than progression-free survival, as OS data was more
complete. Additionally, OS is more commonly reported with prognostic scores within this
patient cohort, thereby improving the ease of comparisons to the literature.
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Patient data was collected as part of an audit with approval from the Imperial College
Healthcare Tissue bank (sub-collection reference number R14014). Patient data was fully
anonymised, and any identifiable data removed from analysis.

2.4. Statistical Analysis

Kaplan—-Meier survival analyses and log-rank tests for univariable analyses were
performed using GraphPad Prism version 8.4.1 for Macintosh (GraphPad Software, San
Diego, CA, USA) for the prognostic scores detailed in Table 1. Results were reported as
median and range. Multivariable analysis was performed by means of the Cox proportional
hazards regression model using IBM SPSS Statistics for Macintosh, Version 26.0 (IBM Corp,
New York, NY, USA). Only prognostic scores that were significant (p < 0.05) on univariable
analysis were included in the multivariable analysis. Hazard ratio and 95% confidence
intervals (CI) were reported; all statistical tests were two-sided. p < 0.05 was considered
statistically significant. Where multiple comparisons for univariable analysis were made
for the same prognostic score, a Bonferroni correction was applied due to the increased
likelihood of type-one error. Adjusted p < 0.0167 was regarded as significant.

3. Results
3.1. Study Cohort

A total of 77 patients with G3-NET/NECs were included from three hospitals. Of
these, 32 (41.6%) were G3-NETs and 45 (58.4%) were NECs. The median age of diagnosis
of the cohort was 63.4 years (range: 31.1-85.2 years). The most common primary tumour
site was the pancreas (23.4%) including one functioning somatostatinoma; followed by
the hindgut (colon and rectum, 20.8%); foregut (oesophagus and stomach, 13%); and
small bowel (duodenum and jejunum, 5.2%). Furthermore, 37.6% of patients had an
unknown primary tumour site. The majority of patients had synchronous metastases at
initial diagnosis (84.3%) and the commonest site was the liver (62.3%). The median Ki-67
was 60%. No differences were observed at baseline between G3-NETs and NECs, except
for PS with more G3-NETs having a PS of 0 compared to NECs (40.6% vs. 13.3%, p = 0.04)
(Table 2).

Table 2. Baseline characteristics and biochemical results of patient cohort.

Variable Overall Cohort (n = 77) No. (%) G3-NETs (n = 32) NECs (n = 45) p-Value
Median Age (IQR (Interquartile 631 (22.1) 634 (22.2) 62.6 (23.2) 0.7
range)), years
Sex
Male 36 (46.8) 17 (53.1) 19 (41.2) 02
Female 41 (53.2) 15 (46.9) 26 (57.8) )
Stage
Locally advanced 9 (11.7) 7(77.8) 2 (22.2) 0.02
Metastatic 68 (88.3) 25 (36.8) 43 (63.2) )
Site of primary tumour
Small bowel 4(5.2) 4(5.2) 4(5.2)
Stomach 5 (6.5) 0(0) 5(11.1)
Oesophagus 5 (6.5) 1(3.1) 4 (8.9)
Large bowel 5 (19.5) 8 (25.0) 7 (15.6) 0.012
Pancreas 18 (23.4) 9 (28.1) 9 (20.0)
Unknown primary 17 (22.1) 3094) 14 (31.1)
Other 13 (16.9) 7 (21.9) 6(13.3)
Liver Metastases present (yes) 48 (62.3) 17 (53.1) 31 (68.9) 0.1

Number of Metastatic Sites
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Table 2. Cont.

Variable Overall Cohort (n = 77) No. (%) G3-NETs (n = 32) NECs (n = 45) p-Value
<1 42 (54.5) 15 (46.9) 17 (53.1) 02
>2 35 (45.5) 27 (60.0) 18 (40.0) :
Median Ki-67 (%) (IQR) (N = 69) 60 (57) 72.5 (59) 50 (47) 0.3
Median Neutrophil count (IQR),
<109 /L (n = 74) 6.1(6.1) 5.7 (4.5) 6.9 (6.1) 0.1
Median Lymphocyte count (IQR),
A0/ (n = 78) 15 (1.0) 1.6 (0.5) 1.4 (09) 0.8
: 9
Median WBC count (IQR), x107/L 8.9 (6.6) 7.7 (5.6) 9.5 (6.7) 0.2
(n=75)
Median Platelet count (IQR),
10° /Lin ~75) 311.5 (129) 282.0 (127.0) 316 (165) 0.1
Median CﬁP:(r;;ge), mg/L 21.8 (51.4) 17.0 (36.4) 38.0 (77.0) 02
Median Albumin (range), g/L 36 (1) 38 (13) 36 (1) 02
(n=75)
Median ALP (range), U/L (1 = 74) 113.5 (119) 90.0 (81) 114.5 (99.0) 0.08
Median LDH (range), U/L (n = 28) 205 (107) 185 (280) 217 (81) 0.3
CgA (IQR) 51 (173) 44.0 (203) 37.5 (48) 04
ECOG-PS
0 19 (24.7) 13 (40.6) 6 (13.3)
1 27 (35.1) 7 (21.9) 20 (44.4) 0.04
>2 31 (40.2) 12 (37.5) 19 (42.2)
Received Palha(t}l]\efse)Chemotherapy 63 (31.8) 26 (81.3) 37 (82.2) 0.6
Received Platinum-based
Chemotherapy (yes) 59 (76.6) 22 (73.3) 33 (78.6) 0.4

Received platinum chemotherapy = first or second-line treatment included a platinum drug. Abbreviations and normal ranges for
laboratory results are as follows: Neutrophil count 2.0-7.1 x 10° /L; Lymphocyte count 1.1-3.6 x 10°/L; White Blood Cell (WBC) count
4.2-11.2 x 10° /L; Platelet count 135-400 x 10° /L; C-Reactive Protein (CRP) <5 mg/L; Albumin 35-50 g/L; Alkaline phosphatase (ALP)
30-130 U/L; Lactate dehydrogenase (LDH) 125-243 U/L.

Most patients were treated with at least one line of palliative chemotherapy (81.8%),
with the vast majority (93.7%) receiving platinum-based chemotherapy. First-line com-
binations were predominantly carboplatin-based (57.1%), followed by oxaliplatin-based
(19.0%) and cisplatin-based (11.1%). First-line platinum drugs were most commonly com-
bined with either etoposide (63.5%) and capecitabine (27.0%). No statistically significant
difference was observed between types of systemic therapy administered or differentiation
status of the primary tumour (p = 0.4). Only four patients had palliative chemotherapy
that was not platinum-based, and were treated with capecitabine and streptozocin. A
wide variety of cytotoxic drugs were used in second-line treatment including: irinotecan,
topotecan, vincristine, gemcitabine, paclitaxel, epirubicin and docetaxel. Furthermore,
18.2% of patients receiving first-line chemotherapy did not go onto receive second line
chemotherapy and were transitioned to best supportive care.

3.2. Response to Treatment

The overall response rate (ORR) for first-line chemotherapy was 42.8%; complete
(CR) and partial response (PR) was attained by 7.9% and 34.9% of patients respectively.
Progressive and stable disease was observed in 34.9% and 22.2% of patients respectively.
No significant difference was observed in response to chemotherapy between NETs or
NECs (p = 0.3). ORR was highest for cisplatin-based therapy (57.2%), followed by 55.6%
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for carboplatin-based therapy and 16.7% for oxaliplatin-based therapy. At the time of data
collection, 72.7% (n = 56) of the patients were deceased; the median OS was 13.45 months
(range: 0.87-65.37 months). No difference was observed between median OS for NETs
(14.0 months (95% CI: 8.5-19.5)) and NECs (12.8 months (95% CI: 8.0-17.6)) (p = 0.1).

3.3. Exploration of Prognostic Scores

At diagnosis, abnormal albumin and CRP levels were present in 55.3% and 44.7%,
respectively; 60.7% of patients had an elevated mGPS (>0) at time of diagnosis. A minority
of patients had a PLR > 300 (17.6%) or a NLR > 5 (30.6%). In terms of GI-NEC score,
23.5% were in group A and 8.2% were calculated to be in group B. In terms of relationship
between the inflammatory scores and clinico-pathological features, a significant relation-
ship was observed between abnormal mGPS and PS > 2 (p = 0.001) and raised NLR and
PS > 2 (p = 0.011). No other relationships were observed, in particular no relationship was
observed between inflammatory scores and degree of differentiation or extent of disease.

3.4. Inflammatory Scores and Survival

Known predictors of OS including differentiation status, presence of liver metastases
and Ki-67 were included in univariable analysis of the entire patient cohort and of these
only Ki-67 (p = 0.07) was noted to be significant predictor of OS (Table 3). Patients with
a mGPS score of 0 had median OS of 16.4 months (95% CI: 13.2-19.7) compared to 14.3
(95% CI: 1.3-27.3) months for mGPS score 1 and 6.3 months (95% CI: 0.7-11.8) for mGPS
score 2 (p = 0.004) (Figure 1A). Patients with NLR > 5 had a median survival of 8.1 months
(95% CI: 4.0-12.1), while patients with NLR < 5 had a median survival of 15.7 months
(95% CI: 10.7-20.6) (p = 0.04) (Figure 1B). In terms of other staging systems, on univariate
analysis, the GI-NEC score (p = 0.002) (Figure 1C) was further validated as a significant
predictor of survival, such that patients with clinical values placing them into GI-NEC
score group B had a four-fold reduction in median OS of 6.3 months (95% CI: 6.7-52.6)
compared to a median OS in group A of 29.7 months (95% CI: 0.0-14.0).

Table 3. Univariable and multivariable analysis for overall survival (entire cohort).

Univariable Analysis Multivariable Analysis
Prognostic Score
Hazard Ratio (95% CI) P Hazard Ratio (95% CI) P
Differentiation status 1.6 (0.9-2.9) 0.1
PS>2vs. <2 3.9(2.2-7.0) <0.001 3.3 (0.9-11.5) 0.06
Ki-67, <55% vs. >55% 2.3 (1.3-4.3) 0.006 5.2 (1.6-16.5) 0.006
Presence of Liver Metastases 1.4 (0.8 to 2.4) 0.2
Received Platinum Chemotherapy 0.9 (0.5-1.9) 0.8
Neutrophil-Lymphocyte Ratio (>5 vs. <5) 1.8 (1.0-3.1) 0.04 1.2 (0.4-3.5) 0.8
Platelet-Lymphocyte Ratio (>200 vs. <200) 1.2 (0.6-2.2) 0.6
mGPS - 0.003 4.7 (1.3-16.4) 0.016
Score O vs. 1 1.2 (0.5-2.9) 0.6
Score 0 vs. 2 3.0 (1.4-6.3) 0.003
GI-NEC Score (B vs. A) 4.7 (1.6-13.7) 0.004 1.6 (0.3-7.9) 0.6

p < 0.05 was regarded as significant. Statistically significant results were highlighted in bold.
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Figure 1. Kaplan—-Meier survival curves of OS using different prognostic scores in the entire patient cohort. G3-NETs and
NECs were divided into groups defined by different prognostic scores: modified Glasgow prognostic score (mGPS) (A);
neutrophil-lymphocyte ratio (NLR) (B); gastrointestinal neuroendocrine carcinoma (GI-NEC) score (C) and Ki-67 using 55%
as the cut-off (D). Median OS, range and log-rank test p value are reported; p < 0.05 was regarded as significant. * p < 0.05,
**p <0.01, ** p <0.001.

Given that there was no significant difference between mGPS 0 and 1 on univariable
analysis, these were combined into one subgroup and a comparison was made for mGPS
0/1 vs. 2 for multivariable analysis. On multivariable analysis, mGPS (Hazard Ratio (HR)
4.7,95% CI: 1.3-16.4; p = 0.016), and Ki-67 (HR 5.2, 95% CI: 1.6-16.5; p = 0.006) (Figure 1D)
remained significant independent predictors of OS in G3-NETs and NECs (Table 3).

We analysed the impact of prognostic scores on the G3-NETs and NEC cohorts in-
dependently. When considering G3-NETs on univariable analysis, both PS (p = 0.03) and
mGPS (p = 0.02) were significant predictors of OS. The mGPS score remaining an inde-
pendent predictor of OS on multivariable analysis (HR 3.4, 95% CI: 1.1-10.3; p = 0.03)
(Table 4).
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Table 4. Univariable and multivariable analysis for overall survival in G3-NETs.

Prognostic Score

Univariable Analysis Multivariable Analysis

Hazard Ratio (95% CI) P Hazard Ratio (95% CI) p

PS >2vs. <2 3.3(1.1-9.4) 0.03 2.2 (0.7-6.8) 0.2
Ki-67, <55% vs. >55% 1.9 (0.7-5.5) 0.2
Presence of Liver Metastases 1.1 (0.4-3.1) 0.8
Received Platinum Chemotherapy 2.9 (0.6-12.8) 0.2
Neutrophil-Lymphocyte Ratio (>5 vs. <5) 1.8 (0.6-5.0) 0.3
Platelet-Lymphocyte Ratio (>200 vs. <200) 1.6 (0.4-5.6) 0.5

mGPS (2 vs. 0/1) 3.6 (1.2-10.8) 0.02 3.4(1.1-10.3) 0.03

p < 0.05 was regarded as significant. Statistically significant results were highlighted in bold.

Univariable analysis of the NEC cohort, identified PS (p < 0.001), Ki-67 > 55% (p = 0.001),
mGPS (p = 0.04) and the GI-NEC score (p = 0.007) as significant predictors of OS (Table 5).
Of interest, the receipt of platinum was associated with improved OS in this cohort (HR 0.2,
95% CI: 0.1-0.6; p = 0.003) (Table 5). On multivariable analysis, advanced PS (HR 4.6,
95% CI: 1.5-14.3; p = 0.009) and Ki-67 > 55% (HR 10.33, 95% CI: 2.5-41.9; p = 0.001) re-
mained independent predictors of OS. A trend was observed between improved OS and
receipt of platinum-based chemotherapy (p = 0.05).

Table 5. Univariable and multivariable analysis for overall survival in NECs.

Prognostic Score

Univariable Analysis

Multivariable Analysis

Hazard Ratio (95% CI) p Hazard Ratio (95% CI) P
PS> 2vs. <2 3.8(1.9-7.4) <0.001 4.6 (1.5-14.3) 0.009
Ki-67, <55% vs. >55% 5.2(2.1-13.1) 0.001 10.2 (2.5-41.9) 0.001
Presence of Liver Metastases 1.4 (0.7-2.8) 0.3
Received Platinum Chemotherapy 0.2 (0.1-0.6) 0.003 0.2 (0.05-1.0) 0.05
Neutrophil-Lymphocyte Ratio (>5 vs. <5) 1.6 (0.8-3.2) 0.2
Platelet-Lymphocyte Ratio (>200 vs. <200) 1.1 (0.6-2.4) 0.7
mGPS (2 vs. 0/1) 2.3 (1.0-4.9) 0.04 2.5(0.9-7.2) 0.09
GI-NEC Score (B vs. A) 6.3 (1.6-24.2) 0.007 - -

p < 0.05 was regarded as significant. Statistically significant results were highlighted in bold. Unable to generate HR for GI-NEC on
multivariable analysis due to large amount of missing data.

4. Discussion

There is considerable heterogeneity in the reported prognosis in patients with G3-
NET/NECs, ranging from 5 to 34 months [3,22]. There is a need for further stratification
of prognosis in the G3 subgroup of NENSs, a concept gaining increasing traction with the
recognition of the impact of tumour differentiation on response to treatment and survival
outcomes [3]. As sustained inflammation acts as one of the principal factors thought
to promote the development of neoplasia, we compared the utility of three, widely used
inflammation-based prognostic scores in determining overall survival in this heterogeneous
patient group [23]. To our knowledge, the prognostic performance of these tests has never
previously been studied in a comparative fashion in patients with G3-NETs or NECs. We
also explored the prognostic ability of these scores compared with the GI-NEC score and
Ki-67. On multivariable analysis of the entire cohort, the mGPS and Ki-67 were found to
be independent prognostic markers of OS. When considering G3-NETs, mGPS retained
independent prognostic ability but this not the case in patients with NECs in which PS and
Ki-67 remained as the only independent prognostic markers.

Whilst the role of inflammation has been studied in NENs, no one study has explored
the prognostic ability specific to high grade NENSs [24]. Zou et al. [16] explored the prog-
nostic ability of a number of inflammation-based indices in 135 patients with advanced
or metastatic NENs. They noted that the high-sensitivity inflammation-based prognostic
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index, a composite of CRP and WCC, was increased in patients with high grade tumours
and was predictive of prognosis, further lending support for the prognostic role of inflam-
mation in NECs. The same paper did not find NLR or PLR to be independently prognostic
in patients with NENs, which may relate in part to the use of median NLR and PLR as
cut-off values. Similarly, Gaitanidis et al. utilised the median NLR and PLR to predict PFS
and recurrence in 97 patients with pNENs undergoing surgical resection [25] and reported
that whilst PLR was associated with the presence of metastases, neither were independent
predictors of survival. We used similar cut-off values for PLR (> 300 x 10°/L) [18] and
NLR (> 5 x 10°/L) [21] but were unable to establish either as an independent prognostic
index.

Whilst mGPS was significant on multivariable analysis, no significant differences
in predicting OS was observed between patients with mGPS = 1 and mGPS = 0. The
lack of difference may be due to the small sample size, and these findings should be
explored further in a larger cohort. Conflictingly, Zou et al. [16] did not find mGPS to be an
independent prognostic marker. As our study was limited only to patients with G3-NETs
and NECs, we suggest the prognostic ability of mGPS may be grade-dependent in NENs.

Ki-67 is well established as a prognostic marker and its independent prognostic signif-
icance was expected [26]. However, Ki-67 is not a dynamic marker of tumour behaviour
as it necessitates repeat biopsy. It is well recognised that the biologic behaviour of NENs
can change over time as tumours de-differentiate. Repeat biopsies are not without risk to
the patient and lack patient acceptability. Moreover, tumour heterogeneity cannot be fully
assessed by biopsy as only a small part of the tumour is assessed. Circulating prognostic
markers are therefore attractive in their non-invasive nature and ease of use. Lamarca
et al. [14] reported that a Ki-67 of 80% is an important threshold between prognostic groups
on receiver operating characteristic (ROC) curve analysis. However, the NORDIC-NEC
study ROC analysis suggested that the Ki-67 cut-off of 55% was the most informative
with respect to treatment response and prognosis, a position supported by European
Neuroendocrine Tumour Society and World Health Organisation (WHO) guidelines [3].
Previous work illustrated that patients with NECs with a Ki-67 > 55% respond better to
chemotherapy than patients with Ki-67 < 55%, but are reported to have worse OS than
Ki-67 < 55%, results supported by our findings [3].

The GI-NEC score designed by Lamarca et al. [14] combines five prognostic markers:
ALP, LDH, Ki-67, ECOG-PS and presence of liver metastases and was validated in NECs.
They identified two groups with distinct prognoses with Group A having a median OS
of 19.4 months compared to a median OS of 5.2 months in Group B. Concordantly, in our
study, risk of death was four times greater for patients in group A compared to group B on
univariable analysis. A key limitation of the GI-NEC score is the incorporation of ECOG-PS.
Although ECOG-PS is commonly used in clinical practice, it is a subjective assessment of
patients” experience of symptom-burden and therefore is susceptible to bias [27]. Failure
to identify the GI-NEC score as an independent prognostic factor in our study is likely to
be due to the small number of patients in our study with a GI-NEC score resulting in an
imbalance in numbers for each group and therefore a type-two error. Consistent with the
GI-NEC study and the NORDIC NEC study, we identified PS as being an independent
prognostic factor, which further supports the published findings [3,14].

Systemic inflammation is a recognised feature of cancer development, progression
and prognosis [28]. However, the mechanisms underlying cancer-related inflammation
remain to be fully elucidated. Highly proliferative tumours, such as NECs, are thought
to either outgrow their blood supply causing hypoxia and necrosis or stimulate increased
cytokine production, which draws immune cells to the tumour site. Circulating cytokines
and immune cells produce a systemic inflammatory response, reflected by increases in
acute-phase proteins such as CRP, albumin and LDH. The tumour-derived cytokine IL-6,
which is associated with high circulating levels of CRP, have been shown to be prognostic
in pancreatic NENs [28,29], lending support to a CRP-based inflammatory score in NENS.
Although tumour-derived cytokines such as IL-18, IL-6 and the T-cell derived cytokine
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TNF-« are implicated in the systemic inflammatory response [28,30], no one study has
found an association between individual cytokine levels and any of the inflammatory
scores, suggesting a complex interplay of the inflammatory response.

The current WHO classification recognises the heterogeneity in clinical course and
response to treatment in grade 3 NENs, and sub-divides this grade in an effort to improve
understanding of the natural progression of this diagnosis and treatment recommendations.
Many of the patients recruited to this study started treatment prior to the current WHO
definition of grade 3 NETs and hence were treated with systemic chemotherapy initially.
This real-world dataset enhances the data available regarding the treatment response of
G3-NETs and NECs to chemotherapy. Of interest, we did not observe a difference in
survival between either group, which may be attributed to both sample size and potential
selection bias.

In addition to the aforementioned limitations, our work is subject to the inherent
restrictions of retrospective studies. Our results were influenced by selection bias with
regards to our patient population and inconsistent record keeping between centres. Ad-
ditionally, due to the rarity of G3-NETs and NECs, our sample size was limited and
comparative group numbers were uneven. Thus, statistical analyses may have been under-
powered and influenced by potential type-two errors. A prospective study design with a
larger cohort would minimise this risk. These limitations should be mitigated in further
work.

Nonetheless, our study identified mGPS as an independent predictor of survival
in patients with G3-NETs and NECs arising from a wide range of primary sites. This
contributes to the growing evidence-base for a score to accurately identify NEC patients
with better prognoses who are more likely to benefit from active treatment. Prospective
validation in a large cohort of G3-NEC patients is required to ensure results are reproducible.
This score could be used to recruit patients for clinical trials, such as the NET-02 [31],
where reducing variability within the patient population is beneficial. Our study adds
to the evidence-base clinicians may refer to when considering prognosis as a factor for
recommending treatment options in patients with NECs. mGPS is derived from routinely
assessed haematological parameters and can easily be implemented into clinical practice.

5. Conclusions

In a real-world study of G3-NETs and NECs, we have illustrated the utility of
inflammatory-based prognostic tools for survival. These warrant further validation in
larger studies.

Author Contributions: Conceptualization, R.S.; methodology, R.S., D.J.P, R.A.; software, R.A;
formal analysis, R.A.; investigation, R.A., M.PL., ].E., R.S,; resources, M.F,, JW., AW, RS.; data
curation, R.A., M.F,, M.PL.; writing—original draft preparation, R.A.; writing—review and editing,
R.A., M.PL,; visualization, M.P.L.; supervision, R.S.; project administration, R.S. All authors have
read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki. Patient data was collected as part of an audit with approval from the
Imperial College Healthcare Tissue bank (sub-collection reference number R14014). Patient data was
fully anonymized.

Informed Consent Statement: Patient consent was waived due to the research being considered a
retrospective audit of clinical practice.

Data Availability Statement: Data is available from the corresponding author after appropriate
review.

Conflicts of Interest: The authors declare no conflict of interest.



Cancers 2021, 13, 4232 11 of 12

References

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Taal, B.G.; Visser, O. Epidemiology of neuroendocrine tumours. Neuroendocrinology 2004, 80 (Suppl. 1), 3-7. [CrossRef]

Sorbye, H.; Strosberg, J.; Baudin, E.; Klimstra, D.S.; Yao, J.C. Gastroenteropancreatic high-grade neuroendocrine carcinoma.
Cancer 2014, 120, 2814-2823. [CrossRef] [PubMed]

Sorbye, H.; Welin, S.; Langer, S.W.; Vestermark, L.W.; Holt, N.; Osterlund, P.; Dueland, S.; Hofsli, E.; Guren, M.G.; Ohrling, K.;
et al. Predictive and prognostic factors for treatment and survival in 305 patients with advanced gastrointestinal neuroendocrine
carcinoma (WHO G3): The NORDIC NEC study. Ann. Oncol. 2013, 24, 152-160. [CrossRef]

Pavel, M.; Oberg, K.; Falconi, M.; Krenning, E.P; Sundin, A.; Perren, A.; Berruti, A.; ESMO Guidelines Committee. Gastroen-
teropancreatic neuroendocrine neoplasms: ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up. Ann.
Oncol. 2020, 31, 844-860. [CrossRef] [PubMed]

Yao, ].C.; Hassan, M.; Phan, A.; Dagohoy, C.; Leary, C.; Mares, ].E.; Abdalla, E.K.; Fleming, ].B.; Vauthey, ].N.; Rashid, A.; et al.
One hundred years after “carcinoid”: Epidemiology of and prognostic factors for neuroendocrine tumors in 35,825 cases in the
United States. J. Clin. Oncol. 2008, 26, 3063-3072. [CrossRef]

Garcia-Carbonero, R.; Sorbye, H.; Baudin, E.; Raymond, E.; Wiedenmann, B.; Niederle, B.; Sedlackova, E.; Toumpanakis, C.;
Anlauf, M.; Cwikla, J.B.; et al. ENETS Consensus Guidelines for High-Grade Gastroenteropancreatic Neuroendocrine Tumors
and Neuroendocrine Carcinomas. Neuroendocrinology 2016, 103, 186-194. [CrossRef]

Lamarca, A.; Frizziero, M.; Barriuso, J.; McNamara, M.G.; Hubner, R.A; Valle, ].W. Urgent need for consensus: International
survey of clinical practice exploring use of platinum-etoposide chemotherapy for advanced extra-pulmonary high grade
neuroendocrine carcinoma (EP-G3-NEC). Clin. Transl. Oncol. 2019, 21, 950-953. [CrossRef]

Moertel, C.G.; Kvols, LK.; O’Connell, M.J.; Rubin, J. Treatment of neuroendocrine carcinomas with combined etoposide and
cisplatin. Evidence of major therapeutic activity in the anaplastic variants of these neoplasms. Cancer 1991, 68, 227-232. [CrossRef]
Mitry, E.; Baudin, E.; Ducreux, M.; Sabourin, J.C.; Rufie, P.; Aparicio, T.; Aparicio, T.; Lasser, P; Elias, D.; Duvillard, P; et al.
Treatment of poorly differentiated neuroendocrine tumours with etoposide and cisplatin. Br. J. Cancer 1999, 81, 1351-1355.
[CrossRef]

Heetfeld, M.; Chougnet, C.N.; Olsen, .H.; Rinke, A.; Borbath, I.; Crespo, G.; Barriuso, J.; Pavel, M.; O'Toole, D.; Walter, T.; et al.
Characteristics and treatment of patients with G3 gastroenteropancreatic neuroendocrine neoplasms. Endocr. Relat. Cancer 2015,
22, 657-664. [CrossRef]

Lamarca, A.; Elliott, E.; Barriuso, J.; Backen, A.; McNamara, M.G.; Hubner, R.; Valle, ].W. Chemotherapy for advanced non-
pancreatic well-differentiated neuroendocrine tumours of the gastrointestinal tract, a systematic review and meta-analysis: A lost
cause? Cancer Treat. Rev. 2016, 44, 26—41. [CrossRef]

Carlsen, E.A.; Fazio, N.; Granberg, D.; Grozinsky-Glasberg, S.; Ahmadzadehfar, H.; Grana, C.M.; Zandee, W.T.; Cwikla, J.; Walter,
M.A.; Oturai, P.S; et al. Peptide receptor radionuclide therapy in gastroenteropancreatic NEN G3: A multicenter cohort study.
Endocr. Relat. Cancer 2019, 26, 227-239. [CrossRef]

Chow, R.; Zimmermann, C.; Bruera, E.; Temel, J.; Im, J.; Lock, M. Inter-rater reliability in performance status assessment between
clinicians and patients: A systematic review and meta-analysis. BMJ Support. Palliat. Care 2020, 10, 129-135. [CrossRef]
Lamarca, A.; Walter, T.; Pavel, M.; Borbath, I.; Freis, P.; Nunez, B.; Childs, A.; McNamara, M.G.; Hubner, R.A.; Garcia-Carbonero, R.;
et al. Design and Validation of the GI-NEC Score to Prognosticate Overall Survival in Patients With High-Grade Gastrointestinal
Neuroendocrine Carcinomas. J. Natl. Cancer Inst. 2017, 109. [CrossRef] [PubMed]

Foubert, F,; Salimon, M.; Dumars, C.; Regenet, N.; Girot, P; Venara, A.; Senellart, H.; Heymann, M.E; Matysiak-Budnik, T.;
Touchefeu, Y. Survival and prognostic factors analysis of 151 intestinal and pancreatic neuroendocrine tumors: A single center
experience. J. Gastrointest Oncol. 2019, 10, 103-111. [CrossRef]

Zou, ].; Li, Q.; Kou, F; Zhu, Y,; Lu, M,; Li, J.; Lu, Z,; Shen, L. Prognostic value of inflammation-based markers in advanced or
metastatic neuroendocrine tumours. Curr. Oncol. 2019, 26, €30-e38. [CrossRef]

Proctor, M.].; Morrison, D.S.; Talwar, D.; Balmer, S.M.; O'Reilly, D.S.; Foulis, A.K.; Horgan, P.G.; McMillan, D.C. An inflammation-
based prognostic score (mGPS) predicts cancer survival independent of tumour site: A Glasgow Inflammation Outcome Study.
Br. ]. Cancer 2011, 104, 726-734. [CrossRef]

Smith, R.A.; Bosonnet, L.; Raraty, M.; Sutton, R.; Neoptolemos, ].P.; Campbell, E.; Ghaneh, P. Preoperative platelet-lymphocyte
ratio is an independent significant prognostic marker in resected pancreatic ductal adenocarcinoma. Am. . Surg. 2009, 197,
466-472. [CrossRef]

Pusceddu, S.; Barretta, F.; Trama, A.; Botta, L.; Milione, M.; Buzzoni, R.; De Braud, F.; Mazzaferro, V.; Pastorino, U.; Seregni, E.;
et al. A classification prognostic score to predict OS in stage IV well-differentiated neuroendocrine tumors. Endocr. Relat. Cancer
2018, 25, 607-618. [CrossRef]

Eisenhauer, E.A ; Therasse, P.; Bogaerts, ].; Schwartz, L.H.; Sargent, D.; Ford, R.; Dancey, J.; Arbuck, S.; Gwyther, S.; Mooney, M.;
et al. New response evaluation criteria in solid tumours: Revised RECIST guideline (version 1.1). Eur. J. Cancer 2009, 45, 228-247.
[CrossRef]

Walsh, S.R.; Cook, E.J.; Goulder, E; Justin, T.A.; Keeling, N.J. Neutrophil-lymphocyte ratio as a prognostic factor in colorectal
cancer. J. Surg. Oncol. 2005, 91, 181-184. [CrossRef]


http://doi.org/10.1159/000080731
http://doi.org/10.1002/cncr.28721
http://www.ncbi.nlm.nih.gov/pubmed/24771552
http://doi.org/10.1093/annonc/mds276
http://doi.org/10.1016/j.annonc.2020.03.304
http://www.ncbi.nlm.nih.gov/pubmed/32272208
http://doi.org/10.1200/JCO.2007.15.4377
http://doi.org/10.1159/000443172
http://doi.org/10.1007/s12094-018-1996-z
http://doi.org/10.1002/1097-0142(19910715)68:2&lt;227::AID-CNCR2820680202&gt;3.0.CO;2-I
http://doi.org/10.1038/sj.bjc.6690325
http://doi.org/10.1530/ERC-15-0119
http://doi.org/10.1016/j.ctrv.2016.01.005
http://doi.org/10.1530/ERC-18-0424
http://doi.org/10.1136/bmjspcare-2019-002080
http://doi.org/10.1093/jnci/djw277
http://www.ncbi.nlm.nih.gov/pubmed/28130474
http://doi.org/10.21037/jgo.2018.09.13
http://doi.org/10.3747/co.26.4135
http://doi.org/10.1038/sj.bjc.6606087
http://doi.org/10.1016/j.amjsurg.2007.12.057
http://doi.org/10.1530/ERC-17-0489
http://doi.org/10.1016/j.ejca.2008.10.026
http://doi.org/10.1002/jso.20329

Cancers 2021, 13, 4232 12 of 12

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Basturk, O.; Yang, Z.; Tang, L.H.; Hruban, R.H.; Adsay, V.; McCall, C.M.; Krasinskas, A.M.; Jang, K.T; Frankel, W.L.; Balci, S.; et al.
The high-grade (WHO G3) pancreatic neuroendocrine tumor category is morphologically and biologically heterogenous and
includes both well differentiated and poorly differentiated neoplasms. Am. J. Surg. Pathol. 2015, 39, 683-690. [CrossRef]
Berasain, C.; Castillo, J.; Perugorria, M.].; Latasa, M.U.; Prieto, J.; Avila, M.A. Inflammation and liver cancer: New molecular links.
Ann. NY Acad. Sci. 2009, 1155, 206-221. [CrossRef]

Black, ].R.M.; Atkinson, S.R; Singh, A.; Evans, ].; Sharma, R. The Inflammation-Based Index Can Predict Response and Improve
Patient Selection in NETs Treated With PRRT: A Pilot Study. J. Clin. Endocrinol. Metab. 2019, 104, 285-292. [CrossRef]
Gaitanidis, A.; Patel, D.; Nilubol, N.; Tirosh, A.; Sadowski, S.; Kebebew, E. Markers of Systemic Inflammatory Response are
Prognostic Factors in Patients with Pancreatic Neuroendocrine Tumors (PNETs): A Prospective Analysis. Ann. Surg. Oncol. 2018,
25,122-130. [CrossRef]

Plockinger, U.; Rindi, G.; Arnold, R.; Eriksson, B.; Krenning, E.P.; de Herder, WW.; Goede, A.; Caplin, M.; Oberg, K.; Reubi, ].C,;
et al. Guidelines for the diagnosis and treatment of neuroendocrine gastrointestinal tumours. A consensus statement on behalf of
the European Neuroendocrine Tumour Society (ENETS). Neuroendocrinology 2004, 80, 394—424. [CrossRef]

Ando, M.; Ando, Y.; Hasegawa, Y.; Shimokata, K.; Minami, H.; Wakai, K.; Ohno, Y.; Sakai, S. Prognostic value of performance
status assessed by patients themselves, nurses, and oncologists in advanced non-small cell lung cancer. Br. J. Cancer 2001, 85,
1634-1639. [CrossRef]

Diakos, C.I.; Charles, K.A.; McMillan, D.C.; Clarke, S.J. Cancer-related inflammation and treatment effectiveness. Lancet Oncol.
2014, 15, e493—-e503. [CrossRef]

Wiese, D.; Kampe, K.; Waldmann, J.; Heverhagen, A.E.; Bartsch, D.K.; Fendrich, V. C-Reactive Protein as a New Prognostic Factor
for Survival in Patients With Pancreatic Neuroendocrine Neoplasia. J. Clin. Endocrinol. Metab. 2016, 101, 937-944. [CrossRef]
Esper, D.H.; Harb, W.A. The cancer cachexia syndrome: A review of metabolic and clinical manifestations. Nutr. Clin. Pract. 2005,
20, 369-376. [CrossRef]

Craig, Z.; Swain, ].; Batman, E.; Wadsley, J.; Reed, N.; Faluyi, O.; Cave, J.; Sharma, R.; Chau, I.; Wall, L.; et al. NET-02 trial protocol:
A multicentre, randomised, parallel group, open-label, phase II, single-stage selection trial of liposomal irinotecan (nal-IRI)
and 5-fluorouracil (5-FU)/folinic acid or docetaxel as second-line therapy in patients with progressive poorly differentiated
extrapulmonary neuroendocrine carcinoma (NEC). BMJ Open 2020, 10, €034527. [CrossRef] [PubMed]


http://doi.org/10.1097/PAS.0000000000000408
http://doi.org/10.1111/j.1749-6632.2009.03704.x
http://doi.org/10.1210/jc.2018-01214
http://doi.org/10.1245/s10434-017-6241-4
http://doi.org/10.1159/000085237
http://doi.org/10.1054/bjoc.2001.2162
http://doi.org/10.1016/S1470-2045(14)70263-3
http://doi.org/10.1210/jc.2015-3114
http://doi.org/10.1177/0115426505020004369
http://doi.org/10.1136/bmjopen-2019-034527
http://www.ncbi.nlm.nih.gov/pubmed/32029495

	Introduction 
	Methods and Materials 
	Study Design 
	Study Population 
	Prognostic Scores 
	Statistical Analysis 

	Results 
	Study Cohort 
	Response to Treatment 
	Exploration of Prognostic Scores 
	Inflammatory Scores and Survival 

	Discussion 
	Conclusions 
	References

