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neoplasms;

Neuroendocrine

tumours;

COVID-19;

SARS-CoV-2;

Coronavirus
the characteristics of patients with NENs who tested severe acute respiratory syndrome cor-

onavirus 2 (SARS-CoV-2) positive.

Material and methods: This is a worldwide study collecting cases of patients with NENs along

with a positive nasopharyngeal swab reverse transcriptase-polymerase chain reaction (RT-

PCR) test for SARS-CoV-2 between June 1, 2020, and March 31, 2021. Centres treating pa-

tients with NENs were directly contacted by the principal investigator. Patients with NENs of

any primary site, grade and stage were included, excluding small-cell lung carcinoma and

mixed adenoneuroendocrine carcinoma.

Results: Among 81 centres directly contacted, 88.8% responded and 48.6% of them declined

due to lack of cases or interest. On March 31st, 2021, eight recruiting centres enrolled 89 pa-

tients. The median age was 64 years at the time of COVID-19 diagnosis. Most patients had

metastatic, non-functioning, low-/intermediate-grade gastroenteropancreatic NENs on treat-

ment with somatostatin analogues and radioligand therapy. Most of them had comorbidities.

Only 8% of patients had high-grade NENs and 12% were receiving chemotherapy. Most pa-

tients had symptoms or signs of COVID-19, mainly fever and cough. Only 3 patients under-

went sub-intensive treatment, whereas most of them received medical therapies, mostly

antibiotics. In two third of cases, no changes occurred for the anti-NEN therapy. More than

80% of patients completely recovered without sequelae, whereas 7.8% patients died due to

COVID-19.

Conclusions: Patients included in this study reflect the typical NEN population regardless of

SARS-CoV-2. In most cases, they overcome COVID-19 without need of intensive care,

short-term sequelae and discontinuation of systemic oncological therapy.

ª 2021 Elsevier Ltd. All rights reserved.
1. Introduction

Coronavirus disease 2019 (COVID)-19 is an infectious
disease caused by the severe acute respiratory syndrome

coronavirus 2 (SARS-CoV-2) that emerged in Wuhan,

China, in late 2019 and rapidly spread all over the world

causing a pandemic [1].

On 30 December 2019, a previously unknown beta-

coronavirus was identified from the bronchoalveolar

lavage of a patient with pneumonia of unknown aeti-

ology by using RT-PCR inWuhan JinyintanHospital [2].
This new coronavirus, named 2019-nCoV, was later

named SARS-CoV-2 owing to its association with severe

acute respiratory syndrome. The related disease, mainly

involving the respiratory system, initially was named

COVID-19. Information on the epidemic was notified to

the World Health Organisation (WHO) on 3 January

2020. After that, the outbreak spread outside China, and

on 30 January 2020, theWHOdeclared COVID-19 as the
sixth public health emergency of international concern.

On 11March 2020, theWHO general director, Dr Tedros

Adhanom Ghebreyesus, declared that the SARS-CoV-2

outbreak could be characterised as a pandemic. Thus far,

the pandemic has resulted in a large number of excess

deaths compared with recent years [3].

As patients with cancer have historically been consid-

ered to beat higher risk of infection and related compli-
cations, largely secondary to the immunosuppressive

effects of the malignancies and the cancer-directed ther-

apies, the main oncological societies published general
guidance to aim patients with cancer on their websites.

Moreover, an international collaborative group proposed

some practical measures for the management of patients

with cancer based on the available data [4].

It was also reported that patients with cancer are more
susceptible to viral infections, particularly those related to

SARS-CoV-2 [5]. Furthermore, according to data origi-

nating from a Chinese cohort, patients with cancer had a

significantly higher risk of developing severe COVID-

19�related events, mainly intensive care unit (ICU) ad-

missions, compared with patients without cancer (39% vs

8%, p Z 0.0003) [6]. A higher COVID-19 mortality rate

has also been reported in patients with cancer compared
with those without cancer [7e11]. Multiple other studies

have reported high mortality rates in patients with cancer

who acquired COVID-19 [11e13].

In line with this, some types of cancers, including

thoracic cancers, and clinical underlying conditions, such

as concomitant immunosuppressive concurrent therapies

and/or immune-related comorbidities, put patients with

cancer at a higher risk for infection and complications of
COVID-19 [14,15]. However, patients with different

cancer types have different susceptibility to SARS-CoV-2

infection and COVID-19 phenotypes [16].

Based on the aforementioned considerations, it is not

clear where and how to locate patients with neuroen-

docrine neoplasms (NENs) within this context. They

represent a rare and heterogeneous group of malig-

nancies, and their clinical behaviour, response to treat-
ment and prognosis can be very different. Most patients
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with metastatic disease receive a form of systemic

oncological treatment from somatostatin analogues

(SSAs) to intensive chemotherapy that can increase the

risk of viral infections. Therefore, global recommenda-

tions from scientific societies about management of pa-

tients with NENs during the COVID-19 pandemic

should consider all these differences.

However, currently there are no available data
regarding the risk of infection, disease status and com-

plications of patients with NENs during the COVID-19

pandemic, although several consensus articles have been

published reporting some general recommendations

[17e21].

We searched PubMed on April 05, 2021, using the

search terms (‘novel coronavirus’ OR ‘SARS-CoV2’ OR

‘COVID-19’) AND (‘neuroendocrine tumors’ OR
‘neuroendocrine tumours’ OR ‘neuroendocrine neo-

plasms’ OR ‘neuroendocrine carcinomas’ OR ‘carci-

noids’) for articles in English that documentedCOVID-19

in patients with NENs. Sixteen articles appeared,

including three case reports, 12 recommendations or

consensus statements and one only mini-series of four

cases among a large thoracic cancer series [17e20,22e33].

Therefore, based on the rarity of patients with NENs,
we conducted a worldwide collection of data through an

international database to characterise the clinical course

of patients with NENs and COVID-19. This study aims

to generate a large data set to evaluate the frequency of

events, clinical management and outcomes and de-

mographic, geographical and biological correlations of

patients with NENs and COVID-19 infection. This

could help the clinical and scientific community and also
the healthcare policies to guide the management of pa-

tients with NENs during the COVID-19 pandemic and

design future clinical approaches in this setting.

At the date of the data-lock analysis of this manu-

script (31 March 2021), more than 126 million total

confirmed cases of COVID-19 have been recorded all

over the world, from 223 countries, resulting in

2.800,000 deaths [34].
2. Patients and methods

This is a retrospective/prospective, observational, inter-
national, multicentric study on consecutive patients with

NENs positive for SARS-CoV-2. Established centres

known to be involved in national or international NEN

clinical networks or European Neuroendocrine Tumor

Society (ENETS) Centers of Excellence (CoE) were

directly invited by email to join this study. After

obtaining permission from local institutional review

boards (IRBs), data were uploaded in a web application
(REDCap) which reported the clinical characteristics of

patients with NENs and COVID-19.

The protocol was approved by the IRB of the Euro-

pean Institute of Oncology (IEO) that is also the
coordinating centre in June 2020 and subsequently

registered on clinicaltrials.gov (INTENSIVE

[InterNaTional rEgistry oN Sars-cov-2 posItiVe nEuro-

endocrine neoplasm patients]; NCT04444401). Local IRB

approval was required for each centre before data entry.

The study includes patients with defined eligibility criteria

from January 2020 until the end of the pandemic.

Eligible patients had to haveNENs of any primary site,
grade and stage with a positive SARS-CoV-2 swab

test (RT-PCR), could be asymptomatic or presenting

symptoms/signs of COVID-19 and being on active NEN

treatment, with macroscopic evidence of NEN or with no

evidence of NEN (if they received surgical� locoregional

non-surgical treatments within the last 2 months from

the SARS-CoV-2 infection). Patients with NENs and

symptoms suggestive of COVID-19 who did not undergo
SARS-CoV-2 swab tests (RT-PCR) were excluded.

Patients with small-cell lung cancer or non-pure NEN

(e.g. MiNEN) were also excluded.
2.1. Statistical analysis

Descriptive statistics were used to summarise
patient characteristics. To evaluate the association be-

tween age, sex and type of NENs with the risk of death,

the non-parametric test for trend and the Fisher exact

test were used for ordinal and nominal variables,

respectively.
3. Results

For this initial analysis, data from consecutive patients

entered into the database between June 01, 2020, and

March 31, 2021, with complete reports, were collected.

Other than the IEO, 81 total centres were directly
contacted by the principal investigator of the study.

Among 24 Italian (IT) and 57 non-IT centres, represent-

ing 39 countries and five continents, nine centres did not

respond (88.8% response rate) Fig. 1. Of the 72

responding centres, 35 (48.6%) declined (30 non-IT and

five IT centres) mainly as they did not have eligible pa-

tients and, in a minority of cases, due to local bureau-

cratic/logistic issues. The remaining 37 centres declared
interest to participate to the study and availability to

submit the protocol to their local IRB. Notably, among

all the contacted centres, 25 are certified as CoE by

ENETS. At the time of this analysis, 14 of 37 (37.8%)

centres were active to enrol and 8 of 37 (21.6%) were

actively recruiting (2/6 IT and 6/8 non-IT centres). Data

from 89 patients were entered. The median age was 57

(22e87) years at the time of NEN diagnosis and 64
(24e92) years at the time of COVID-19 diagnosis. The

main characteristics of NENs are reported in Table 1.

Most patients had a gastroenteropancreatic (GEP) pri-

mary site, well-differentiated tumour, metastatic stage

and non-functioning status. At the time of testing positive

http://clinicaltrials.gov


Fig. 1. Contacted centres across the world. This figure reports in blue all the centres across the world contacted for the survey.

Table 1
Main characteristics of neuroendocrine neoplasms.

Total N of patients 89

Sex N (%)

Male 59 (66.3)

Female 30 (33.7)

Age range N (%)

20e49 27 (30.3)

50e75 54 (60.7)

>75 8 (9.0)

Type of NEN

� GEP NET 67 (75.2)

� GEP NEC 3 (3.3)

� Thoracic NET 10 (11.2)

� Thoracic NEC 2 (2.2)

� Other NET 4 (4.5)

� Other NEC 3 (3.3)

Tumour stage

� Metastatic 76 (85.3)

� Locally advanced 13 (14.6)

Site of distant metastasis

� Liver alone 22 (24.7)

� Liver þ extrahepatic 43 (48.3)

� Extrahepatic alone 11 (12.3)

Functional status

� Functioning 16 (17.9)

� Non-functioning 73 (82.0)

Anti-tumour treatment

� None 18 (20.2)

� SSA 45 (50.5)

� Chemo 11 (12.3)

� RLT 10 (11.2)

� EVE 4 (4.5)

� TKI 5 (5.6)

� Other 8 (8.9)

NEN, neuroendocrine neoplasm; GEP, gastroenteropancreatic; NET,

neuroendocrine tumour; NEC, neuroendocrine carcinoma; SSA, so-

matostatin analogue; RLT, radioligand therapy; EVE, everolimus;

TKI, tyrosine kinase inhibitor.
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for COVID-19, half of them were receiving treatment

with long-acting SSA, a minority in combination with

other therapies, 11.7% RLT, mainly with lutetium177-

DOTATATE, and only 12% of the total were receiving

chemotherapy.
Sixty-two patients (72.9%) had comorbidities, most

commonly arterial hypertension (46.7%), diabetes mel-

litus (33.8%) or both (17.7%).

The main characteristics of COVID-19 are reported in

Table 2. Themost frequent symptoms/signs were fever and

cough, whereas 11 patients were asymptomatic and one

third had pneumonia. Regarding COVID-19 treatment,

three patients needed sub-intensive care, whereas no pa-
tient needed ICU. Antibiotics were the most common

medical therapy. In most patients, no change of the anti-

tumour therapy occurred. The use of anti-COVID-19

therapy was variable, with one patient receiving sub-

intensive care and three patients a combination of oxy-

gen therapy, anticoagulant, antibiotics and glucocorti-

coids. Seven patients (6 GEP neuroendocrine tumours

[NETs] and 1 GEP neuroendocrine carcinoma [NEC])
died due toCOVID-19. Four patients were on SSA, one on

everolimus (EVE), one on RLT and one on combination

treatment with cabozantinib and atezolizumab, within

clinical trials. Moreover, three were diagnosed with

pneumonia and sixwere hospitalised before the fatal event.

Finally, two had diabetes mellitus and arterial hyperten-

sion, one diabetes mellitus, arterial hypertension and

chronic renal failure, one diabetes mellitus alone and one
arterial hypertension and prostatic benign hypertrophy.

The remaining two had no comorbidities.

Lastly, we performed the analyses for correlations of

COVID-19erelated mortality and age, sex and NEN

primary site. Mortality related to the age was: 20e49: 0/



Table 2
COVID-19 features.

Total N. of patients 89

Age range N (%)

20e49 18 (20.2)

50e75 56 (62.9)

>75 15 (16.9)

Symptoms/signs

� Asymptomatic 11 (12.3)

� Fever 57 (64.0)

� Cough 45 (50.5)

� Asthenia 22 (24.7)

� Exertional dyspnoea 20 (22.4)

� Rest dyspnoea 17 (19.0)

� Anosmia/dysgeusia 15 (16.8)

� Pneumonia 30 (33.7)

� No features 58 (65.1)

Treatment

� Intensive care unit 0 (�)

� Sub-intensive 3 (3.3)

� O2 14 (15.7)

� Antibiotics 26 (29.2)

� Steroids 16 (17.9)

� Hydroxychloroquine 8 (8.9)

� Anticoagulant 6 (6.7)

� Antiviral 7 (7.8)

Anti-tumour therapy

� No change 64 (71.9)

� Temporary interruption 22 (24.7)

� Discontinuation 3 (3.3)

COVID-19 clinical outcome

� Death 7 (7.8)

� Complete recovery 74 (83.1)

� Sequelae 8 (8.9)

COVID-19, coronavirus disease 2019.
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18 (0%); age 50e75: 5/56 (9%); age >75: 2/15 (13%) (pZ
0.15). For what concerns sex, all the 7 of patients were

men. Lastly, the mortality related to the tumour primary

site was given as follows: GEP 7/70 (10%); thoracic 0/11

(0%); other 0/8 (0%) (p Z 0.79).

4. Discussion

In this study, we described the demographic and clinical

features of patients with NEN along with a confirmed

positive nasopharyngeal swab RT-PCR test for SARS-

CoV-2. The characteristics of the enrolled patients with
NENs seem to reflect those of the NEN general popu-

lation, regardless of COVID-19, including mainly low-/

intermediate-grade, metastatic, non-functioning GEP

NEN, on treatment with therapies targeting somato-

statin receptor-2 expressed in the great majority of well-

differentiated NENs. Our analysis did not suggest re-

lationships between SARS-CoV-2 infection/disease/

mortality and specific features of NENs. Although
sporadic NEN cases were reported in general COVID-

19 registries of patients with cancer [23], this is the first

study specifically focused on patients with NENs posi-

tive for SARS-CoV-2.
Even when different types of cancers were correlated

with COVID-19 mortality, NEN cases were not re-

ported [16]. In one of the largest investigations of SARS-

CoV-2 in patients with cancer which was first focused

specifically on patients receiving anti-tumour treatment,

among around 60,000 patients with cancer analysed, no

NENs were reported [35].

Our series represents the result of a worldwide data
collection among centres dealing with patients with

NENs. Most patients had a well-differentiated GEP

NET reflecting the real-world NEN scenario. This could

be surprising if we consider that GEP NETs are usually

slow growing and not treated with chemotherapy.

Moreover, therapies such as EVE or RLT, which are

often used in patients with NENs, may produce immu-

nosuppression and lymphopenia, both considered to
favour COVID-19 infection.

The 7.8% of mortality observed in our study is much

lower than the 33% reported for lung cancer with the

thoracic cancers international covid 19 collaboration

(TERAVOLT) study [23], reflecting the different pop-

ulations studied and the seemingly increased risk of death

among patients with lung cancer and COVID-19 [23].

Comparison across studies of patients with cancer and
COVID-19 is challenging given the heterogeneity of the

populations studied and variations in therapy provided,

including access to antiviral therapy and intensive care.

Haematological and pulmonary malignancies have been

reported to be associated with a higher mortality rate

from COVID-19 compared with other types of cancer

[14,15,36,37], although others did not observe a similar

effect [12]. On the other hand, patients with different types
of cancer have been reported to have variable SARS-

CoV-2 susceptibility and COVID-19 disease pheno-

types, with notable increased SARS-CoV-2 susceptibility

in patients with haematological cancers [16].

Platinum and etoposide regimen is a chemotherapy

usually administered to patients with NECs. In our

study, eight patients with NECs were included and two

of them were on platinum-etoposide. A recent publica-
tion of probably the largest series of patients with cancer

and COVID-19 reported that platinum-etoposide was

one of the risk factors correlated with higher COVID-19

mortality rate [38]. Other studies have similarly reported

worse outcomes in patients receiving cytotoxic chemo-

therapy [39,40], but not all studies support that recent

chemotherapy administration is associated with higher

risk of death [12,41].
Our study has several limitations. First, the selection

of the participant centres was arbitrary, and it is unclear

if they were the right context to check patients with

NENs and SARS-CoV-2. They were primarily larger

academic ones with substantial expertise in managing

patients with NENs and potentially with more resources

to handle critically ill patients with COVID-19. Never-

theless, it is possible that they may not accurately reflect
the care provided to patients with NENs and COVID-19
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in the community or, more simply, that COVID-19 was

managed at non-NEN-referral centres, and therefore,

our analysis could have missed a proportion of them. It

is probable that most patients suffering from NENs are

managed by NEN-referral institutions. Second,

although more than 80 patients are a relatively high

number, considering the rarity of NENs, it is still rela-

tively low in absolute, given the high prevalence of pa-
tients with NENs in the community at any given time,

and the probability that COVID-19 occurred in patients

with NENs frequently, especially in high-risk areas.

Third, our survey was more focused on the NEN rather

than the COVID-19 context, as it mainly regarded

NEN-referral centres. Therefore, although it was quite

spread across the world, we cannot be sure that these

data are representative of the topic as it is not clear
whether it is more probable to capture this information

in the COVID-19 context or in the NEN context. Some

knowledge about NEN coming from the COVID-19

context could be reported soon with the CCC-19 and/or

ESMO Co-Care surveys. Last, although the contacted

centres were representative of all five continents, this

analysis reported data about six European, one USA

and one Middle East centres. Notably, areas such as
India, Brazil, UK, Russia and Mexico that were highly

impacted in terms of COVID-19 mortality declared not

to have specific information about NEN cases. Simi-

larly, it is notable that Chinese centres (the Guangzhou

and Wuhan centres and the Chinese Study group for

NET, CSNET, were contacted) did not have any pa-

tients with NENs and COVID-19 although they

managed a very high number of NEN cases. Unfortu-
nately, other highly affected areas, such as Chile

(Pontifical Catholic University of Chile) and Brazil

(Camargo Cancer Center, Sao Paulo), did not join the

survey due to logistic/bureaucratic issues. A further

limitation of our study is the lack of information about

the actual incidence of COVID-19 in this population.

However, the major strength of this study is being the

only one to date that specifically focused on COVID-19
and NEN and involved many NEN centres worldwide.

Furthermore, the high response rate to the survey (88.8%)

is promising in terms of worldwide representation.
5. Conclusion

Although the specific incidence, morbidity and mortality

related to COVID-19 among patients with NENs

remain to be defined, our analysis is the first to specif-

ically capture data about morbidity and mortality in a

similar population. However, most patients with NEN

and COVID-19 infection present with a relatively mild
illness, although mortality was increased over what it is

seen in the population of patients with COVID-19

without cancer. Despite its inherent limitations, it pro-

vides helpful insight indications on clinical management
of patients with NENs during the COVID-19 pandemic,

in compliance with the rules of general protection but

also by applying anticancer therapy and appropriate

supportive care.
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