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Abstract

The incidence of neuroendocrine neoplasia (NEN) is higher in individuals ≥70 years of 

age (elderly) who are underrepresented in clinical trials because of comorbidities and 

low performance status. We retrospectively analyzed the outcome of elderly patients 

with metastatic NEN (mNEN). Comorbidities were summarized by Charlson Comorbidity 

Index (CCI), Kaplan–Meier method was applied to estimate overall survival (OS) and 

Cox’s proportional hazard model was used to assess the impact of known prognostic 

factors. We retrieved data on 145 mNEN patients aged ≥70 years seen at our center from 

June 2007 to March 2016. Fifty-six (38.6%) were aged ≥75 years. ECOG PS was 0 in 45.7% 

of cases and CCI was 0 in 41.0% and 1 in 37.4%. A total of 75.4% of patients had grade 

(G)1/G2 NEN and 24.6%, G3. Octreoscan/Gallium PET/CT and FDG-PET/CT were positive in 

94.2% and 70.3% of cases, respectively. Median follow-up was 72.3 (53.2–85.1) months. 

Seventy-nine patients received first-line somatostatin analogs (SSA), 23 peptide receptor 

radionuclide therapy (PRRT) and 36 chemotherapy (CHT). Seven did not undergo first-

line therapy and 102 received more than one line. Median overall survival (mOS) was 

5.1 years (95% CI: 3.4–6.6). No differences in mOS were seen according to CCI. First-line 

PRRT patients had a mOS of 6.5 years (95% CI: 3.3–not reached (NR)), SSA 5.7 years 

(95% CI: 4.2–7) and CHT 5.9 years (95% CI: 0.4–NR). mOS in CHT-treated G3 patients was 

1.5 years (1.0–2.5). ECOG PS and FDG PET/CT were identified as independent prognostic 

factors. Results suggest that the above treatments positively impacted OS in elderly 

mNEN patients, including those aged ≥75 years.

Introduction

Neuroendocrine neoplasia (NEN) arise from cells of the 
endocrine system and are a heterogeneous group of 
tumors originating from the embryological gut which 
is subdivided into the following areas: foregut (lungs, 
thymus, stomach and duodenum), midgut (jejunum, 
ileum, appendix and proximal large bowel) and hindgut 
(distal colon and rectum) (1, 2). Although the incidence 
of these tumors is still very low (5.25/100,000/year),  

it has increased significantly in recent years and, because 
of the long survival of NEN patients, prevalence is 
high (35/100,000/year) (3). However, recent advances 
in epidemiology, molecular biology, diagnostics and 
therapeutics are reshaping our understanding of this 
cancer. Demographic changes that include an ageing 
population may also contribute to this because the 
frequency of NEN increases with age (4). In particular, 
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some neuroendocrine subtypes, especially gastrointestinal 
tumors, have a higher incidence in individuals over 
70  years of age (5, 6). 40–50% of NEN patients present  
with distant metastases, with increasing prevalence 
over time depending on the initial stage of the disease. 
Metastases are predominantly found in the liver and/or 
lymph nodes. In contrast, bone metastases are reported 
in <15% of cases (7). Treatment options for metastatic 
disease comprise liver surgery and/or locoregional and 
ablative therapies, somatostatin analogs, chemotherapy, 
targeted therapy and peptide receptor radionuclide 
therapy (8). Given the several treatment options, the 
heterogeneity of NEN and individual disease complexity, 
a multidisciplinary team discussion of cases, including 
imaging results and histology reports, is mandatory to 
guide treatment decision making. Although it has been 
seen that the primary site of the cancer strongly influences 
the choice of treatment, non-clinical factors such as age, 
sex and geographic residence should also be taken into 
consideration. Functional status heterogeneity in elderly 
patients, age-related alterations in drug metabolism and 
the presence of a higher number of comorbidities can 
affect both the expected efficacy and the adverse effects of 
treatments other than somatostatin analogs (SSAs). Older 
patients are substantially underrepresented in clinical 
trials because of age restrictions at study enrolment, poor 
performance status and the presence of comorbidities (9). 
In particular, there are very few data on NEN patients over 
the age of 80 years. For some tumors such as colorectal and 
breast cancer, there is evidence that the essential principles 
of treating advanced disease in the elderly are the same 
as those used for younger patients (10), and age alone 
should not be used to deny cancer patients from receiving 
potentially beneficial treatments. It is clear that, however, 
that greater attention must be paid to the risk of treatment 
toxicity and of a negative impact on the quality of life in 
older individuals due to age-related organ function decline 
and comorbidities (11). Although this large population 
includes a high proportion of patients who are unfit for 
treatment, there are also some who are in a condition to 
undergo monotherapy or doublets. Thus, fit older patients 
could also be potential candidates for clinical trials.

Given the above premises, we conducted a retrospective 
analysis of survival and toxicity in patients over 70 years 
of age treated at our institute for metastatic NEN (mNEN).

Methods

We retrospectively collected data for patients treated at 
our institute (IRST IRCCS) between June 2007 and March 
2016. Inclusion criteria were histologically proven NEN 
and age ≥70 years at the time of diagnosis. The following 
comorbidities were assessed by the Charlson Comorbidity 
Index (CCI) (12): myocardial infarction, congestive heart 
failure, peripheral vascular disease, cerebral vascular 
disease, dementia, chronic obstructive pulmonary disease, 
connective tissue disease, ulcer, mild liver disease and 
diabetes. One point was assigned for each of the above 
conditions, 2 points for moderate and severe renal disease 
and 3 points for moderate or severe liver disease. Other 
serious conditions such as hemiplegia, diabetes with 
organ damage, any other cancer and AIDS were not taken 
into account because they were considered exclusion 
criteria. Consequently, higher scores were rarely attained, 
and only four categories were used for the analysis (0, 1, 
2 and ≥3). The modified CCI score is shown in Table 1.

Some patients were referred to our institute by other 
national centers for a second opinion, while others were 
followed and treated at IRST from diagnosis onwards. All 
cases were discussed by a multidisciplinary team (MDT) 
comprising an oncologist, nuclear medicine physician, 
surgeon, radiologist, radiation oncologist, biologist and 
oncology nurse and a treatment plan was drawn up. 
18FDG-PET positive criteria were focal area(s) of increased 
tracer uptake or diffusely increased uptake, excluding 
physiological uptake, with respect to adjacent tissue on 
axial, coronal and sagittal images. Octreoscan/68GaPET/
CT positivity is based on a greater intensity than that of 
the background uptake and that cannot be considered as 
physiologic activity (pituitary gland, spleen, liver, adrenal 
glands, head of the pancreas, thyroid and urinary tract).

All the pathology reports were revised by an expert 
pathologist using the most recent version of the WHO 

Table 1 Modified Charlson comorbidity index (mCCI).

CCI weight Comorbid condition

0 No comorbidities
1 Myocardial infarction, congestive heart failure, peripheral vascular disease, cerebral vascular disease, dementia, 

chronic obstructive pulmonary disease, connective tissue disease, ulcer, mild liver disease, and diabetes
2 Renal disease/kidney stones
3 Moderate or severe liver disease/cirrhosis
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classification for each primary tumor site, i.e. WHO 
2010 version for gastrointestinal NENs and WHO for 
2017 pancreatic NENs (13, 14). Conversely, Pelosi et al.’s 
proposed classification used for lung NENs (15).

The study was approved by the Ethical Committee of 
IRST IRCCS and consent was obtained from each patient 
or subject after full explanation of the purpose and nature 
of all procedures used.

Statistical analysis

Categorical variables are presented as numbers and 
percentages. Continuous variables are presented using 
median and range. Overall survival (OS) was defined as 
the time from the date of diagnosis to the date of death. 
Event-free patients were censored on the date of their last 
follow-up. OS is reported as a median value expressed 
in years, with 95% CIs. Survival curves were estimated 
using the Kaplan–Meier product-limit method. The role 
of stratification factor was analyzed with the log-rank test. 
We used the Cox proportional hazards regression model 
to estimate hazard ratios (HRs) and relative 95% CI of 
potential clinical prognostic factors for OS. Important 
variables such as gender were included in multivariate 
analysis, even when univariate analysis did not identify 
them as significant. All tests were two-tailed and  
P values <0.05 were considered statistically significant. 
No adjustments were made for multiple comparisons. 
Statistical analyses were carried out with STATA/MP 14.0 
for Windows (StataCorp LLP, College Station, TX, USA).

Results

We identified 145 patients (86 male/59 female) ≥70 years 
treated for mNEN at our institute during the study period. 
Median age was 74  years (range 70–87  years). Fifty-six 
(38.6%) patients were ≥75  years. Eastern Cooperative 

Oncology Group Performance Status (ECOG PS) was 0 in 
45.7%, 1 in 46.5% and ≥2 in 7.8% of cases. Fifty-seven 
(41.0%) patients had a CCI score of 0, 52 (37.4%) a score 
of 1, 19 (13.7%) a score of 2 and 11 (7.9%) a score of ≥3. 
This information was not available in 4% of patients. 
Hepatic or extra-hepatic metastases were identified in  
58 (40.0%) and 29 (20.0%) of cases, respectively. Ninety-five 
(75.4%) patients had grade (G)1/G2 NEN and 31 (24.6%) 
G3 NEN. Gallium/Octreoscan and fluorodeoxyglucose 
(FDG) PET/CT scans were positive in 130/138 (94.2%) 
and 76/108 (70.3%) patients, respectively. Radiological 
and/or imaging tests were performed in 138 (95.2%) 
cases to evaluate the disease. Forty-two (29.4%) patients 
had functioning tumors of which 4 were insulinoma, 
1 gastrinoma and 37 carcinoid syndrome. Patient's 
characteristics are summarized in Table  2. First-line 
treatments were somatostatin analogs (SSAs) in 79 (54.5%) 
patients, peptide receptor radionuclide therapy (PRRT) in 
23 (15.9%) and chemotherapy in 36 (24.8%). Seven (4.8%) 
patients did not undergo first-line treatment because of 
poor clinical conditions (Fig. 1). Interventional radiological 
treatments (transarterial embolization or radiofrequency 
ablation) were performed in eight cases. Among those who 
received first-line therapy, 102 (73.9%) underwent more 
than one line. Two patients received everolimus as second-
line therapy after SSA and one third-line everolimus after 
SSA and PRRT. One hundred and twenty-five patients with 
assessment of vital status were considered for OS analysis. 
Median follow-up was 72.3 months (range 1–225 months) 
and median OS was 5.1 years (95% CI: 3.4–6.6).

ECOG PS and FDG PET/CT results assessed by a 
multivariate Cox regression model were confirmed as 
independent prognostic factors for OS, with a higher risk 
for patients with ECOG PS >0 (HR 3.48 (95% CI: 1.50–8.06)) 
and a positive FDG PET/CT (HR 2.90 (95% CI: 1.12–7.52)). 
Age at diagnosis showed a hazard ratio of 1.11 (95% CI: 
0.99–1.26) (Table 3). Sixty-eight patients died during the 
study period, 39 from cancer and 1 from acute myocardial 

Figure 1
Flow chart of patient selection. NEN, 
neuroendocrine neoplasm; PRRT, peptide receptor 
radionuclide therapy; 177LU, 177Lutetium-Dotatate; 
90Y, 90Yttrium-Dotatoc; SSA, somatostatin analog.
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Table 2 Patient characteristics.

Patient characteristics N (%)

Gender
 Male 86 (59.3)
 Female 59 (40.7)
Median age at diagnosis (years) (range) 74 (70–87)
ECOG performance status
 ECOG 0 59 (45.7)
 ECOG 1 60 (46.5)
 ECOG ≥2 10 (7.8)
 Unknown 16
Charlson comorbidity index
 0 57 (41.0)
 1 52 (37.4)
 2 19 (13.7)
 ≥3 11 (7.9)
 Unknown 6
Functioning tumors
 Yes 42 (29.4)
 N 101 (70.6)
 Unknown 2
Site of disease
 Gastro-entero-pancreatic 74 (51.0)
 Lung 32 (22.1)
 Other* 10 (6.9)
 Unknown 29
Grading
 G1 33 (26.2)
 G2 62 (49.2)
 G3 31 (24.6)
 Unknown 19
Previous surgery
 Yes 80 (55.9)
 No 63 (44.1)
 Unknown 2
Metastatic sites
 Hepatic 58 (40.0)
 Extrahepatic 29 (20.0)
 Hepatic + extrahepatic 58 (40.0)
PET/CT
 Octreoscan 35 (25)
 Gallium 93 (65.0)
 Gallium + Octreoscan 10 (7.0)
 Not performed 4 (3)
 Unknown 3
Patients positive to Octreoscan/Gallium PET/CT 130 (94.2)
Patients positive to FDG PET 76 (70.3)
Ki67
 ≤20 78 (79.6)
 >20 20 (20.4)
 Unknown 47

ECOG, Eastern Cooperative Oncology Group; FDG, fluorodeoxyglucose.
*2 cases of neuroendocrine neoplasia of the gynecologic tract; 4 cases of 
gallbladder as primary tumor; one case of parotid gland neuroendocrine 
tumor; 2 cases of atypical laryngeal carcinoid tumor; one case of atypical 
rhinopharyngeal carcinoid tumor.

Somatostatin analog treatment

Long-acting octreotide 20 mg every 4  weeks was 
administered in 10 patients, while 43 received a dose of 
30 mg every 4  weeks. Lanreotide 120 mg every 4  weeks 
was administered in 26 patients. Treatment was very 
well tolerated, with only one case each of G1, G2 and 
G3 diarrhea recorded. G1 cholelithiasis was registered in 
three cases. Median OS was 5.7  years (95% CI: 4.2–7.0)  
in G1–G2 NEN patients.

Peptide radioreceptor therapy

Twenty-two patients received 177Lutetium-Dotatate 
therapy and only one underwent 90Yttrium-Dotatoc 
therapy in a first-line setting. The following toxicities 
were recorded: two cases of neutropenia G1, one case 
of G1 anemia, one case of G3 pancytopenia and three 
cases of thrombocytopenia G1. One patient developed a 
myelodysplastic syndrome. Non-hematological toxicities 
were G2 elevated creatinine (one patient), G1 diarrhea 
(one) and G1 nausea/vomiting (one). G1–G2 NEN 
patients who underwent first-line PRRT had a median OS 
of 6.5 years (95% CI: 3.3–NR). The median OS for patients 
with Ki67 >20% was 3.2 years in those treated with PRRT 
and 1.5 years in those who received chemotherapy.

Chemotherapy

Several chemotherapy regimens were used according to 
tumor differentiation. Patients with G3 NEC received 
platinum-based chemotherapy. In particular, 12 (67%) 
received carboplatin and 6 (33%) cisplatin, both 
associated with etoposide. Three patients underwent 
monotherapy with cisplatin, two with carboplatin and 
two with etoposide. For G1/2 NET, two patients received 
FOLFOX (folinic acid, 5-fluorouracil and oxaliplatin)/
XELOX (oxaliplatin and capecitabine) and 2, the CAPTEM 
(capecitabine and temozolomide) regimen. Three patients 
received temozolomide and four, capecitabine of whom 
two with a metronomic schedule. Hematological toxicity 
was as follows: G1/G2 anemia (3 cases); G3/G4 neutropenia 
G3/G4 (6 cases); G2 thrombocytopenia (one case) and G2 
thrombocytopenia (2 cases). G2 nausea and vomiting 
were recorded in four patients and G1/G2 diarrhea in 
four patients. G1–G2 NEN patients pretreated with first-
line chemotherapy had a median OS of 5.9 years (95% CI: 
0.4–NR). G3 NEN patients who underwent chemotherapy 
had a median OS of 1.5 years (1.0–2.5). Survival data are 
summarized in Table 3.

ischemia unrelated to any antineoplastic treatment; data 
on the remaining 28 patients were not available. No 
difference in OS curves were seen on the basis of CCI 
(P = 0.1014) or age <75 and ≥75 years (P = 0.6408).
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Discussion

Older patients with metastatic cancer are generally 
undertreated with respect to younger patients because 
of comorbidities and low performance status. Less is 
known about the former group because patients over 
70 years of age are generally excluded from randomized 
clinical trials (10, 12). However, information obtained 
from clinical studies may not apply to elderly patients 
because treatment benefits and side effects, as well 
as life expectancy, differ from those of their younger 
counterparts (16). For these reasons, little information 
is available on prognosis and on the risks of treatment 
in this subgroup, especially for those with NEN. There is 
no doubt that widespread prejudice about life expectancy 
is currently preventing cancer specialists from offering 
the best possible treatments to senior adults. This seems 
grossly unfair as, for example, in the United States, it is 
estimated that the average 75-year-old male in good health 
has another 18 years of life ahead, decreasing to 10 years 
at the age of 82 (17). Older patients with mNEN are 
generally treated (surgery, chemotherapy or radiotherapy) 
less frequently than their younger counterparts and 
many do not receive what is considered as the standard 
approach. Consequently, limited data are available on 
the risks and benefits of specific anticancer therapies in 
the elderly (12). Conversely, our retrospective analysis 
suggests that NEN patients well past their 70s or even 
with comorbidities can benefit from specific treatments. 
In our case series, median OS survival after first-line PPRT 
treatment was 6.5 years (3.3–NR), 5.7 (range 4.2–7) years 
for the SSA group and 5.9 (range 0.4–NR) years for those 
receiving chemotherapy. This outcome is similar to that 
reported for younger patients by other authors (18, 19). 

In their study of patients with advanced neuroendocrine 
carcinoma (NEC), Sorbye et  al. (20) reported a median 
OS of 5.8  months for PRRT patients and 13.5  months 
for those given chemotherapy. The choice of treatment 
was based on the different aggressiveness of the disease: 
chemotherapy was used in poorly differentiated tumors 
and PRRT in more highly differentiated tumors showing 
Gallium PET/CT positivity. Our findings suggest a possible 
role of first-line PRRT in G3 NEC patients whose tumors 
have more differentiated features (also known as pancreatic 
G3 NET according to the new classification) (21). Further 
prospective clinical studies are needed in this patient 
setting. Age and comorbidities did not worsen outcome in 
our case series, perhaps because of the good tolerability to 
the specific treatments administered. However, FDG PET 
and PS ECOG remained independent prognostic factors. 
Our study, the first to provide an overview of the clinical 
characteristics and outcome of elderly patients with 
NEN, suggests that a key issue in this patient setting is 
the difference between chronological and biological age. 
However, some limitations are present, for example, formal 
geriatric assessment was not performed. We believe that 
the routine use of a validated tool to evaluate functional, 
mental and clinical status would substantially facilitate 
the selection of patients who could potentially benefit 
from treatment and help to identify the most suitable 
therapeutic option. In addition, the retrospective nature 
of our study did not permit us to perform an accurate 
analysis of the side effects of the different treatments. 
There was also a selection bias because we chose patients 
for the study with the best clinical conditions who were 
physically able to undergo different treatments and, if 
necessary, travel to our institute from another hospital. 
Such patients, consequently, had a better outcome.

Table 3 Univariate and multivariate model for overall survival.

Variables No. cases
Univariate model Multivariate model

Hazard ratio 95% CI P Value Hazard ratio 95% CI P Value

Age at diagnosis 125 1.10 1.03–1.17 0.002 1.11 0.99–1.26 0.051
ECOG (>0 vs 0) 109 2.10 1.17–3.75 0.012 3.48 1.50–8.06 0.003
Surgery (yes vs no) 124 0.42 0.25–0.71 0.001 0.74 0.30–1.81 0.513
FDG PET (positive vs 
negative)

89 3.84 1.84–8.03 <0.001 2.90 1.12–7.52 0.028

Grading and first-line 
treatment

94

 G1/G2 + PRRT vs  
G1/G2 + SSA

0.61 0.21–1.77 0.371 0.24 0.03–1.89 0.178

 G1/G2 + CHT vs  
G1/G2 + SSA

1.72 0.59–4.97 0.312 2.40 0.51–11.37 0.268

 G3 + CHT vs G1/G2 + SSA 5.13 2.48–10.60 <0.001 3.81 1.24–11.74 0.010

95% CI, 95% confidence interval; CHT, chemotherapy; ECOG, Eastern Cooperative Oncology Group; FDG PET, 18-fludeoxyglucose positron emission 
tomography; PRRT, peptide receptor radionuclide therapy; SSA, somatostatin analog.
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In conclusion, the results from the present study 
suggest that treatment had a positive effect on the overall 
survival of elderly NEN patients, independently of age. 
Thus, although more clinical trials dedicated to elderly 
patients are warranted, there would seem to be potential 
for offering suitable patients from this population, 
identified using selection criteria including FDG PET/CT  
and ECOG PS, the same standard of care used for  
younger patients.
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