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Introduction
Neuroendocrine neoplasms (NEN) are a hetero-
geneous class of malignancies that may arise in 
various localizations throughout the body. NEN 
have been classified according to morphological 
properties and biological behaviour into well-dif-
ferentiated neuroendocrine tumours (NET) and 

poorly differentiated neuroendocrine carcinomas 
(NEC).1 This classification and hence the nomen-
clature of various NEN has been altered several 
times over the past decades.2–4 The most recent 
update in 2017 has identified three grades (G1–
G3) of NET, and a solitary high-grade (G3) 
NEC.1 By definition, NEC show a mitotic count 
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Abstract
Background: Extrapulmonary neuroendocrine carcinoma (EP-NEC) are an aggressive 
subgroup of neuroendocrine neoplasms (NEN). Advanced EP-NEC is generally treated with 
platinum-based cytotoxic regimens, but progressive disease occurs rapidly, resulting in a 
poor prognosis. Genetic alterations in the mammalian target for rapamycin (mTOR) pathway 
have been identified in NEN, providing a rationale for treatment with the mTOR-inhibitor 
everolimus.
Methods: A prospective phase 2 single-arm study included patients with advanced EP-NEC 
from three Dutch NEN expertise centres between March 2016 and January 2020. Treatment 
consisted of cisplatin 75 mg/m2 every 3 weeks in combination with daily everolimus 7.5 mg 
for a maximum of six cycles, followed by maintenance everolimus until disease progression. 
Primary endpoint was disease control rate (DCR), defined as the sum of overall response rate 
(ORR) plus the rate of stable disease according to RECIST 1.1, assessed at 9-week intervals. 
Toxicity was evaluated according to CTCAE version 5.0.
Results: Thirty-nine patients, with a median age of 64 years (range: 28–74), of whom 20 (51%) 
were male, were enrolled. DCR was 82.1% (95% confidence interval (CI): 66.4–92.4), with 
an ORR of 58.9% (CI: 42.1–74.4). Median duration of response was 6.4 (CI: 5.8–7.0) months 
and median progression-free survival was 6.0 (CI: 4.3–7.8) months. Three patients (8%) had 
durable responses lasting  > 12 months. Median overall survival was 8.7 (CI: 7.8–9.6) months. 
Most common grade 3/4 toxicities were haematological (36%) and renal (21%).
Conclusion: Everolimus in combination with cisplatin is an effective first-line treatment option 
for advanced EP-NEC, especially in highly selected patients.
Trial registration: Clinicaltrials.gov, NCT02695459, https://clinicaltrials.gov/ct2/show/
NCT02695459.
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of  > 20 per 2 mm2 and a Ki67-proliferation index 
of  > 20%, although most NEC have a Ki67-
index of  > 55%.5,6 The majority of NEC are of 
pulmonary origin in the form of either small-cell 
lung carcinoma (SCLC) or large-cell neuroendo-
crine carcinoma (LCNEC).4,7,8 Extrapulmonary 
NEC (EP-NEC) mostly originate from the gas-
troenteropancreatic tract (GEP-NEC), account-
ing for around 35–55% of all NEC.9 Other 
primary sites of EP-NEC include the genitouri-
nary tract and the skin (i.e. Merkel cell carcinoma 
(MCC)).10,11

EP-NEC usually display very aggressive behav-
iour with up to 85% of patients presenting with 
locally advanced or metastatic disease at diagno-
sis.9,12,13 Due to the rarity of the disease, evidence 
regarding systemic treatment is scarce and is often 
based on guidelines for treating SCLC.8,9,14 At the 
time of initiation of this study, a few retrospective 
studies were available regarding cytotoxic thera-
pies in EP-NEC.13,15 A large retrospective study of 
305 patients with EP-NEC indicated that cyto-
toxic treatment offers survival benefit over a best 
supportive care (BSC) approach. They observed a 
median overall survival (OS) of 11 months with 
palliative chemotherapy, including first to third 
treatment lines, and a mere 1 month OS in patients 
who received BSC only. In this series, first-line 
chemotherapy resulted in an overall response 
(OR) of 31% and disease stabilization of 33%, 
summing to a disease control rate (DCR) of 64%. 
Also, a Ki67-index of  > 55% cut-off was found to 
be significantly associated with worse OS 
(10 months versus 14 months).13 More recently, a 
prospective study of patients with GEP-NEC or 
unknown primary NEC showed an OR of 50% 
and stable disease (SD) of 23% for first-line treat-
ment and a progression-free survival (PFS) and 
OS of 6.2 and 11.6 months, respectively.16 Most 
cytotoxic regimens used in the treatment of 
EP-NEC consist of a platinum backbone, often 
combined with etoposide or irinotecan.13,16 
Currently, the European Society for Medical 
Oncology (ESMO) guidelines recommend cispl-
atin/etoposide or carboplatin/etoposide as first-
line treatment for advanced EP-NEC.14 Although 
highly responsive to these therapies, progression 
occurs rapidly, often with a strikingly poor prog-
nosis due to the lack of treatment options. To 
illustrate this, a recent meta-analysis in patients 
with advanced EP-NEC showed that second-line 
treatment had very limited efficacy, with a pooled 
PFS of 2.5 months.17

Mutations in the mammalian target of rapamycin 
(mTOR) are present in various cancers, including 
well-differentiated NET.18,19 mTOR is a serine/
threonine kinase that regulates cell growth and 
proliferation, metabolism and angiogenesis. It has 
also been implicated in the pathogenesis of NET. 
Inhibition of the mTOR signalling pathway has 
shown antiproliferative effects in cell lines and 
primary cultures of human NET.18 A therapeutic 
intervention that specifically targets this mTOR 
pathway is everolimus. This one-of-a kind anti-
cancer drug has been extensively studied in rand-
omized trials of NET of the pancreas, lung and 
small intestine.20–22 Based upon superior PFS 
data, albeit with somewhat disappointing effects 
on OS, everolimus has become part of standard of 
care for patients with these tumours.23–25 
Preclinical studies have demonstrated synergistic 
antitumour activity of everolimus in combination 
with cisplatin, which prompted the necessity to 
further investigate this combination.26,27 The 
mechanism underlying this synergistic activity has 
not been fully elucidated, but it has been sug-
gested that reducing cellular levels of p21, thereby 
impairing DNA repair, could be an underlying 
mechanism.26

The poor efficacy of current treatment options for 
EP-NEC combined with the abovementioned 
interactions, as well as the widely accepted anti-
cancer activity of everolimus in patients with 
NEN, provided the rationale to perform this mul-
ticentre phase 2 clinical trial to evaluate the effi-
cacy and safety of everolimus in combination with 
cisplatin in patients with advanced EP-NEC.

Methods

Study design
A single-arm, open-label, three-centre, national 
phase 2 clinical trial was designed to assess antitu-
mor activity and safety of cisplatin in combination 
with everolimus as first-line treatment in patients 
with advanced EP-NEC. Between March 2016 
and January 2020, patients were included from 
three referral centres in the Netherlands (Erasmus 
Medical Centre in Rotterdam, Netherlands 
Cancer Institute (NKI) in Amsterdam and the 
University Medical Centre Groningen). The 
study complies with the Declaration of Helsinki 
rules and the principles of Good Clinical Practice 
guidelines. This study was approved by the insti-
tutional review board (IRB) of the NKI 
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(organizing institute) under IRB-identification 
number: NL50842.031.15. Written informed 
consent was obtained from all patients. This trial 
is registered at clinicaltrials.gov (NCT02695459) 
on 1 March 2016. The first patient was included 
in the study on 21 March 2016.

Patients
Eligible patients were adults with histopathologi-
cally confirmed locally advanced or metastatic 
EP-NEC. All pathological samples were classified 
by a NEN expert pathologist. Inclusion criteria 
were a World Health Organization (WHO) per-
formance status (PS) of 0–2, adequate bone mar-
row, liver and renal function (creatinine clearance  
> 60 ml/min); and an estimated life expectancy 
of  > 3 months.

Patients were excluded if they had received previ-
ous chemotherapy for advanced or metastatic 
EP-NEC or had previously been exposed to 
everolimus. Neo-adjuvant and peri-operative 
chemotherapy or chemoradiation with curative 
intent was allowed if at least 6 months had elapsed 
between completion of therapy and enrolment in 
the study.

Study treatment
Study treatment consisted of daily everolimus 
7.5 mg/day combined with cisplatin 75 mg/m2 
every 21 days, up to a maximum of six cycles, 
unless withdrawn earlier due to unacceptable tox-
icity or progressive disease. Everolimus and cispl-
atin dose was established based on a phase 1 study 
in patients with advanced head and neck 
tumours.28 After six cycles of cisplatin and everoli-
mus were completed, patients continued with 
single-agent everolimus 7.5 mg/day until disease 
progression or unacceptable toxicity. On day 1 of 
every cycle, patients were evaluated for renal 
function, myelosuppression, ototoxicity and 
peripheral neuropathy. Cisplatin was switched to 
carboplatin with an AUC = 4 if creatinine clear-
ance had dropped below 50 ml/min, or when 
grade 3 or higher ototoxicity or peripheral neu-
ropathy occurred. When creatinine clearance had 
decreased to 50–60 ml/min, cisplatin was reduced 
by 20% in the next cycle. Cisplatin was only 
administered when neutrophils were ⩾ 1.5 × 109/l 
and thrombocytes ⩾100 × 109/l. When these 
were below 1.5 and 100, respectively, cisplatin 
was postponed for 1 week. Similar cut-offs were 
used if carboplatin was given. After recovery of 

bone marrow toxicity, cisplatin or carboplatin 
was given with a 20% dose reduction.

Everolimus doses were adjusted to 5 mg/day (−1 
dose level) or 5 mg every other day (−2 dose level) 
when tolerability issues occurred, including cyto-
penias, hepatotoxicity, infection, skin toxicity, 
oral mucositis, pneumonitis, hyperlipidaemia or 
hyperglycaemia. Dose reductions below −2 dose 
level were not allowed and patients would go off 
study.

After disease progression, patients were treated at 
the discretion of the treating physician and were 
monitored for survival.

Study endpoints
Primary endpoint of this study was DCR, defined 
as the sum of overall response rate (ORR) con-
sisting of complete (CR) and partial response rate 
(PR) plus the rate of SD, according to RECIST 
1.1, assessed at 9-week intervals. Patients were 
evaluable for response if at least one follow-up 
examination was performed.

Secondary endpoints were PFS, according to 
RECIST 1.1; duration of response (DOR); OS, 
defined as death from any cause; and safety of 
everolimus in combination with cisplatin/
carboplatin.

Adverse events (AEs) were defined as any undesir-
able experience occurring to a subject during the 
clinical trial, whether or not considered to be related 
to the investigational drug. AEs were graded 
according to Common Terminology Criteria for 
Adverse Events (CTCAE) (version 5.0).

Statistical analysis
A two-stage phase 2 design was set up with 
response as outcome allowing for early termina-
tion should the response rate appear to be (unac-
ceptably) low. Given the evidence in advanced 
EP-NEC at study initiation, a DCR of 50% or 
more would warrant further investigation and 
continuation of the study. Applying the ‘Simon 
2-stage minimax’ design, with an α of 0.10 (the 
probability of rejecting the null hypothesis when 
it is in fact true) and a power of 90% (the proba-
bility of rejecting the alternative hypothesis), 28 
patients had to be enrolled in the first stage, with 
an additional 11 patients to be recruited in the 
second stage if DCR proved acceptable (to a total 

https://journals.sagepub.com/home/tam


Therapeutic Advances in Medical Oncology 14

4	 journals.sagepub.com/home/tam

of 39 evaluable patients). The combination would 
be deemed to be effective if the total number of 
responses exceeded 16.

The primary endpoint DCR was calculated using 
the Clopper–Pearson method. Patients who expe-
rienced early death (within 8 weeks of enrolment 
in the study) were considered as nonresponders.

Descriptive statistics were used for baseline char-
acteristics: median with ranges and numbers with 
frequencies for continuous and categorical char-
acteristics, respectively. Kaplan–Meier method 
was used for time-to-event analysis. DOR was 
presented for all patients who presented with an 
objective (complete or partial) response and was 
measured from the date of treatment initiation 
until date of documented progression. If a new 
treatment was started before progression, DOR 
was censored on the date of new treatment. 
Analyses were performed using R statistical soft-
ware version 4.1.1.

Results

Patients
The predefined interim analysis showed a DCR 
of 78.6% (confidence interval [CI]: 59.0–91.7), 
so both steps of the ‘Simon 2-stage minimax’ 
design were completed. A total of 39 patients 
were included with a median age of 64 (28–74) 
years. Gender was equally distributed with 20 
(51.3%) male patients. Most patients (n = 25, 
64.1%) had their primary tumour arising from 
the gastroenteropancreatic tract; 11 patients 
(28.2%) had colorectal, 6 patients (15.4%) pan-
creatic, 4 patients (10.3%) oesophageal, 3 patients 
(7.7%) gastric and 1 patient (2.6%) had an 
appendiceal NEC. Five patients had gynaecologi-
cal primary tumours, of whom four (10.3%) had 
a NEC of the cervix and one patient (2.6%) had 
an ovarian NEC. Three patients (7.7%) had a 
MCC and six patients (15.4%) had a NEC of 
unknown primary location. Most common meta-
static sites were liver in 32 (82.1%) and lymph 
nodes in 27 (69.2%) patients. Nine (23.1%) 
patients had undergone previous surgery for their 
primary tumour, two (5.1%) of which had 
received postoperative radiotherapy. No prior 
neo-adjuvant or peri-operative chemotherapy 
treatment was given. All patients had a poorly dif-
ferentiated morphology. For one patient, Ki67-
index could not be reliably determined. For 
patients with known Ki67-index (n = 38, 97.4%), 

median Ki67-index was 80% (40–100%). One 
(2.6%) patient had a Ki67-index below 55%, 24 
(61.5%) patients had a Ki67-index of 55–80% and 
13 (33.3%) had a Ki67-index  > 80%. All patients 
had a WHO PS ⩽ 1. Baseline characteristics are 
summarized in Table 1.

Efficacy
Best OR was a CR in 1 (2.6%) patient, PR in 22 
(56.4%) patients and SD in 9 (23.1%) patients, 
with a DCR of 82.1% (CI: 66.4–92.5) and an 
ORR of 58.9% (CI: 42.1–47.4). For all patients 
with a response, median DOR was 6.4 (CI: 5.8–
7.0) months. Three (7.7%) patients had a DOR 
of  > 12 months. Of these, two patients had an 
unknown primary NEC, and one had a colorectal 
NEC. All three patients had liver metastasis at 
baseline and one patient also had a metastatic 
lesion in the pancreas; the sum of lesions were 41, 
123 and 144 mm. The Ki67-index for these 
patients was 70–80%. DOR and survival after 
progression are shown in Figure 1. No differences 
in responses were found for subgroups, including 
gender, PS, previous therapies or primary tumour 
origin. DCR according to subgroups with corre-
sponding confidence intervals can be found in 
Table 2.

Regarding the patients with MCC, during the 
conduct of the study approval for the immune 
checkpoint inhibitor, avelumab was granted for 
the treatment of MCC. One patient received ave-
lumab prior to study inclusion, two patients 
received avelumab following progression on the 
current study treatment. Of these, one patient 
was alive with disease at time of study analysis 
(45.9 months after study initiation).

Median PFS for all patients was 6.0 (4.3–7.8) 
months and median OS was 8.7 (7.8–9.6) 
months. PFS and OS are shown in Figure 2.

Safety
Patients received a median of 4 (1–6) cycles of 
cisplatin. Thirteen (33.3%) patients switched to 
carboplatin, after a median of two cycles (1–5) 
and received an additional median of three (1–5) 
cycles (totalling up to a maximum of six plati-
num-based cycles). Dose reductions of cisplatin 
occurred in 28 (71.8%) patients. Median everoli-
mus exposure in the entire cohort was 19 (3–57) 
weeks, and seven (17.9%) patients had dose 
reductions for everolimus.
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Thirty-five (89.7%) patients experienced grade 
1–4 AEs of any kind, related or unrelated to the 
study medication. Of these, most common grade 
1–2 events were nausea in 18 (46.1%) patients, 
pain in 15 (38.6%) patients and haematological 
AEs: anaemia in 17 (43.5%); thrombopenia in 16 
(41.0%) and neutropenia in 11 (28.2%) patients. 
Regarding grade 3/4 AEs, 33 (84.6%) patients 
experienced grade 3/4 AEs of any kind. Most 
treatment-unrelated AEs consisted of pain 
(abdominal or other) and were present in six 
(15.4%) patients. A total of 22 (56.4%) patients 
experienced treatment-associated grade 3/4 AEs. 
Haematological toxicity was most common with a 
total of 14 (35.9%) patients, including 5 (12.9%) 
patients with anaemia, 7 (17.9%) with neutrope-
nia and 2 (5.1%) with thrombopenia. Renal tox-
icity occurred in eight (20.5%) patients, 
treatment-associated gastrointestinal toxicity 
occurred in five (12.8%) patients, and electrolyte 

Patients No./median %/range

  Bone 4 10.2

  Peritoneum 4 10.2

  Adrenal gland 2 5.1

  Pancreas 1 2.6

  Gall bladder 1 2.6

  Ovary 1 2.6

  Omentum 1 2.6

  Soft tissue 1 2.6

Sum of lesions (mm) 85 15–328

Previous therapies

  Surgery 9 23.1

  Radiotherapy 3 7.7

  Chemotherapy 0 0

  Immunotherapy 1 2.6

WHO PS

  0 22 56.4

  1 17 44.6

GEP-NEC, gastroenteropancreatic neuroendocrine 
carcinoma; WHO PS, World Health Organization 
Performance Score.
aKi67-index for 38 out of 39 patients with known Ki67-index.

Table 1.  Baseline characteristics of all included 
patients.

Patients No./median %/range

Total 39 100

Gender

  Male 20 51.3

  Female 19 49.7

Age 64 28–74

Primary tumour type

  GEP-NEC 25 64.1

    Colorectum 11 28.1

    Pancreas 6 15.4

    Oesophagus 4 10.3

    Stomach 3 7.7

    Appendix 1 2.6

  Other 8 20.5

    Cervix 4 10.2

    Merkel cell carcinoma 3 7.7

    Ovary 1 2.6

  Unknown primary 6 15.4

Ki67-indexa

  Median 80 40–100

  20–55% 1 2.6

  55–80% 24 61.5

  >80% 13 33.3

  Missing 1 2.6

Distant disease at diagnosis

  Yes 38 97.4

  No 1 2.6

Distant disease at start therapy

  Yes 39 100

Metastatic sites at start therapy

  Liver 32 82.1

  Lymph nodes 27 69.2

  Lung 7 17.9

(Continued)

Table 1.  (Continued)
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imbalances in four (10.3%) patients. No grade 5 
AEs occurred. All grade 1/4 AEs are summarized 
in Table 3.

Discussion
In this phase 2 clinical trial, everolimus in combi-
nation with cisplatin showed to be an effective 
first-line treatment in patients with advanced 
EP-NEC.

This study was the first to investigate the combi-
nation of targeted therapy with conventional, 
platinum-based cytotoxic therapy in patients with 
advanced EP-NEC. Interestingly, the combina-
tion of everolimus with cisplatin/carboplatin used 
in this study showed comparable response rates, 
DORs, survival and AEs compared with studies 
investigating platinum-based cytotoxic combina-
tion therapies.16,29 For instance, regarding ORR, 
Walter et al.16 performed a prospective observa-
tional study in patients with advanced EP-NEC 
and found an ORR of 50% for patients treated 
with cisplatin and etoposide, comparable with the 

ORR observed in this study. Other, retrospective 
studies found ORRs ranging from 28% to 
52%.5,30–32

DOR and survival in our study were similar to that 
observed in the study of Zhang et  al. in which 
patients with advanced GEP-NEC were randomly 
assigned to receive cisplatin with etoposide (EP) or 
cisplatin with irinotecan (IP). The study was termi-
nated early due to slow accrual (66 patients of 
planned 144 included). At premature analysis PFS 
of 6.4 months and 5.8 months for EP and IP, 
respectively, was noted.33 The OS in our cohort 
was slightly shorter than found in the aforemen-
tioned study by Walter et al. (8.7 versus 11.6 months). 
This might be explained by the fact that a third of 
the patients included in our study had a Ki67-
index  > 80%. Previous reports identified a Ki67-
index cut-off of 55% to be associated with worse 
survival.13 Although Walter et al.16 found no differ-
ence in survival between patients with a Ki67-
index  < 55% and  > 55%, their cohort only 
included 18% of patients with a Ki67-index  > 80. 
Therefore, the somewhat less favourable outcome 

Figure 1.  Swimmersplot showing all patients with time to progression and to death or end of follow-up. One 
patient received immunotherapy after study termination and was alive at end of analysis, 45.9 months after 
study treatment initiation. Time-axis is interrupted due to the relatively long survival of this patient compared 
with other study participants. GEP-NEC: gastro-entero-pancreatic neuroendocrine carcinoma.
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Table 2.  Disease control rate according to subgroups, with corresponding 
Clopper–Pearson 95% confidence intervals.

DCR in % 95% confidence interval

Total 82.1  

Gender

  Male 75.0 50.9–91.3

  Female 89.5 66.9–98.7

WHO PS

  0 86.4 65.1–97.1

  1 76.5 50.1–93.2

Surgery

  No 80.0 61.4–92.3

  Yes 88.9 51.8–99.7

Radiotherapy

  No 83.3 67.2–93.6

  Yes 66.7 9.4–99.2

Primary tumour type

  GEP-NEC 84.0 63.9–95.5

    Colorectum 72.7 34.8–93.3

    Pancreas 83.3 35.9–99.6

    Oesophagus 100 39.8–100

    Stomach 100 29.2–100

    Appendix 100 2.5–100

  Other 83.3 35.9–99.6

    Cervix 75.0 19.4–99.4

    Merkel cell carcinoma 100 9.4–99.2

    Ovary 100 2.5–100

  Unknown primary 66.7 9.4–99.2

DCR, disease control rate, the sum of complete responses, partial responses and 
stable disease; GEP-NEC, gastroenteropancreatic neuroendocrine carcinoma; WHO 
PS, World Health Organization Performance Score.

in our study might still be due to the higher propor-
tion of more aggressive cancers.

AEs mainly consisted of haematological and renal 
toxicities, and the percentage of patients that 
experienced grade 3/4 AEs was comparable with 
that from studies of cisplatin combined with 
etoposide. The most striking difference is the 
absence of alopecia in our study population, as 
this is a side effect caused by etoposide, and does 
not occur in cis-/carboplatin or everolimus. 
Alopecia is known to have a significant impact on 
the quality of life and wellbeing of cancer 
patients.34,35 As efficacy of the cisplatin and 
everolimus combination seems similar to current 
recommended treatment of cisplatin and etopo-
side, but an important quality of life related side 
effect is avoided, the choice of treatment by both 
clinicians and patients is likely to favour everoli-
mus with cisplatin.

The added survival benefit of everolimus to cispl-
atin in EP-NEC remains unclear. Although 
everolimus was able to improve cisplatin-resist-
ance in vitro,36 our study results show that everoli-
mus was unable to uphold such a resistance for a 
longer duration than current therapies. 
Nevertheless, our cohort included three patients 
that had a DOR of  > 12 months, suggesting that 
highly selected patients might have particular 
benefit from this combination. Similar results 
were found a study that investigated everolimus 
in combination with cisplatin and paclitaxel in 
LCNEC, with a median PFS of 4.4 months and 
OS of 9.9 months. There, 34% of 49 patients 
were alive at 1 year after treatment initiation, 
again suggesting the possible benefit for highly 
selected patients with NEC.37 Unfortunately, as 
molecular and mutational tumour analyses were 
not performed in their study as well as in ours, 
mechanisms underlying these notable effects 
remain to be elucidated.

Besides acting as a synergistic component to plat-
inum, everolimus has also been investigated as a 
single-agent after progression on platinum-con-
taining chemotherapy in patients with pancreatic 
NEC (pNEC) or in SCLC.38,39 This resulted in a 
disappointing PFS of 1.2 months and an OS of 
7.5 months for pNEC,38 and similarly, a PFS of 
1.3 months and OS of 6.9 months for SCLC.39 
Currently, there are a few randomized trials  
that involve different treatment combinations 

registered for first-line treatment of patients with 
EP-NEC (such as NCT04325425 and 
NCT02595424). These will hopefully further 
contribute to unveiling the tumour resistance 
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mechanisms and improvement of survival of 
patients with EP-NEC.

A possible limitation of this study is that patients 
with MCC were also included in the EP-NEC 
cohort. This might have increased the heteroge-
neity of the study cohort, as MCC has a slightly 
different pathogenesis, including the oncogenic 
Merkel cell polyomavirus and ultraviolet expo-
sure.40,41 Nonetheless, at the time of study initia-
tion in 2016, no other systemic treatments for 
advanced MCC were approved, and MCC had a 
similar treatment regimen and prognosis as all 
other EP-NEC. And although one patient had 
received avelumab prior to study initiation, Figure 1 
shows that patients with MCC were randomly 
distributed across the cohort and responses to 
therapy, hence were very unlikely to influence the 
results.

A major strength of this study is the prospective, 
multicentre study design, which is challenging 
when studying such rare diseases. This study is 
one of very few that managed to complete prede-
fined accrual and hence is adequately powered. 
By including patients from three large referral 

centres in the Netherlands, this study provides 
insight into the nationwide approach in the treat-
ment of EP-NEC, as well as epidemiological 
aspects such as the occurrence and survival of 
patients with EP-NEC.

In conclusion, the combination of everolimus 
with cisplatin is considered to be an effective 
treatment option for patients with advanced 
extrapulmonary NEC. While, in general, treat-
ment-related AEs are in line with those observed 
in more classic cytotoxic regimens, absence of 
alopecia could favour this regimen. The observa-
tion of some patients obtaining DOR exceeding 
12 months urges for additional in-depth analysis 
of so far unknown predictive biomarkers in this 
highly aggressive disease. If this research leads to 
real patient selection, this could be considered to 
be nothing less than a giant leap forward.
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Figure 2.  Progression-free survival (PFS) and overall survival (OS) for all patients.
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Table 3.  All grade 1/4 adverse events of any kind, 
related or unrelated to the study medication.

Adverse event Grades 3–4
No. (%)

Grades 1–2
No. (%)

Haematological

  Anaemia 5 (12.8) 17 (43.5)

  Thrombopenia 2 (5.1) 16 (41.0)

  Neutropenia 7 (17.9) 11 (28.2)

Renal toxicity

  Acute kidney injury 6 (15.4) 9 (23.1)

  Chronic kidney disease 2 (5.1) 8 (20.5)

Gastrointestinal toxicity

  Nausea 3 (7.7) 18 (46.1)

  Constipation 0 5 (12.8)

  Diarrhoea 2 (5.1) 4 (10.3)

  Pancreatitis 2 (5.1) 0

  Paralytic ileus 1 (2.6) 0

  Ascites 1 (2.6) 0

  Bile duct stenosis 1 (2.6) 1 (2.6)

  Cholangitis 1 (2.6) 1 (2.6)

  Cholecystitis 0 1 (2.6)

  Haemorrhoids 0 1 (2.6)

  Anus cracks 0 1 (2.6)

  Pyrosis 0 1 (2.6)

Electrolyte imbalances

  Hyponatraemia 2 (5.1) 1 (2.6)

  Hypernatraemia 1 (2.6) 0

  Hypokalaemia 1 (2.6) 1 (2.6)

  Hypomagnesaemia 0 3 (7.7)

  Hypocalcaemia 0 1 (2.6)

Hepatotoxicity

  Increased liver enzymes 1 (2.6) 3 (7.7)

Other

  Pain 6 (15.4) 15 (38.6)

  Fatigue 0 10 (25.6)

  Mucositis 2 (5.1) 8 (20.5)

Adverse event Grades 3–4
No. (%)

Grades 1–2
No. (%)

  Rash 2 (5.1) 8 (20.5)

  Dyspnoea 1 (2.6) 6 (15.4)

  Malaise 1 (2.6) 3 (7.7)

  Hypertension 1 (2.6) 3 (7.7)

  Hyperglycaemia 1 (2.6) 2 (5.1)

  Dizziness 1 (2.6) 2 (5.1)

  Anxiety 1 (2.6) 1 (2.6)

  Urinary tract infection 1 (2.6) 1 (2.6)

  Dehydration 1 (2.6) 0

  Peripheral neuropathy 0 5 (12.8)

  Cough 0 4 (10.3)

  Taste alteration 0 2 (5.1)

  Oedema 0 2 (5.1)

  Weight loss 0 2 (5.1)

  Infection 0 1 (2.6)

  INR increased 0 1 (2.6)

  Nose bleed 0 1 (2.6)

  Anorexa 0 1 (2.6)

 � Palmar-plantar 
erythrodysaesthesia

0 1 (2.6)

  Fever 0 1 (2.6)

  Conjunctivitis 0 1 (2.6)

  Insomnia 0 1 (2.6)

  Dysgeusia 0 1 (2.6)

  Impaired hearing 0 1 (2.6)

  Tinnitus 0 1 (2.6)

  Vaginal dryness 0 1 (2.6)

  Flushes 0 1 (2.6)

  Dysaesthesia 0 1 (2.6)

  Pneumonitis 0 1 (2.6)

(Continued)

Table 3.  (Continued)

https://journals.sagepub.com/home/tam


Therapeutic Advances in Medical Oncology 14

10	 journals.sagepub.com/home/tam

Wieke H.M. Verbeek: Writing – review & 
editing.

Ferry A.L.M. Eskens: Conceptualization; Data 
curation; Writing – review & editing.

José G. van den Berg: Writing – review & editing.

Derk Jan A. de Groot: Data curation; Writing 
– review & editing.

Monique E. van Leerdam: Methodology; 
Writing – review & editing.

Margot E.T. Tesselaar: Conceptualization; 
Data curation; Funding acquisition; Investigation; 
Methodology; Project administration; 
Supervision; Writing – review & editing.

Conflict of interest statement
The authors declared no potential conflicts of 
interest with respect to the research, authorship 
and/or publication of this article.

Funding
The authors disclosed receipt of the following 
financial support for the research, authorship 
and/or publication of this article: This work was 
supported by an unrestricted grant from Novartis 
[no grant number available].

References
	 1.	 Nagtegaal ID, Odze RD, Klimstra D, et al. 

The 2019 WHO classification of tumours of 
the digestive system. Histopathology 2020; 76: 
182–188.

	 2.	 Klöppel G, Rindi G, Perren A, et al. The ENETS 
and AJCC/UICC TNM classifications of the 
neuroendocrine tumors of the gastrointestinal 
tract and the pancreas: a statement. Virchows Arch 
2010; 456: 595–597.

	 3.	 Kidd M, Modlin I and Öberg K. Towards a 
new classification of gastroenteropancreatic 
neuroendocrine neoplasms. Nat Rev Clin Oncol 
2016; 13: 691–705.

	 4.	 Rindi G, Klimstra DS, Abedi-Ardekani B, 
et al. A common classification framework for 
neuroendocrine neoplasms: an International 
Agency for Research on Cancer (IARC) and 
World Health Organization (WHO) expert 
consensus proposal. Mod Pathol 2018; 31: 
1770–1786.

	 5.	 Yamaguchi T, Machida N, Morizane C, et al. 
Multicenter retrospective analysis of systemic 
chemotherapy for advanced neuroendocrine 
carcinoma of the digestive system. Cancer Sci 
2014; 105: 1176–1181.

	 6.	 Uccella S, La Rosa S, Volante M, et al. 
Immunohistochemical biomarkers of 
gastrointestinal, pancreatic, pulmonary, and 
thymic neuroendocrine neoplasms. Endocr Pathol 
2018; 29: 150–168.

	 7.	 Travis WD, Brambilla E, Nicholson AG, 
et al. The 2015 World Health Organization 
classification of lung tumors: impact of genetic, 
clinical and radiologic advances since the 2004 
classification. J Thorac Oncol 2015; 10: 1243–
1260.

	 8.	 Dingemans AC, Fruh M, Ardizzoni A, et al. 
Small-cell lung cancer: ESMO Clinical Practice 
Guidelines for diagnosis, treatment and 
follow-up. Ann Oncol 2021; 32: 839–853.

	 9.	 Garcia-Carbonero R, Sorbye H, Baudin E, 
et al. ENETS consensus guidelines for high-
grade gastroenteropancreatic neuroendocrine 
tumors and neuroendocrine carcinomas. 
Neuroendocrinology 2016; 103: 186–194.

	10.	 Yang X, Chen J and Dong R. Pathological 
features, clinical presentations and prognostic 
factors of ovarian large cell neuroendocrine 
carcinoma: a case report and review of published 
literature. J Ovarian Res 2019; 12: 69.

	11.	 Schadendorf D, Lebbé C, Zur Hausen A, et al. 
Merkel cell carcinoma: epidemiology, prognosis, 
therapy and unmet medical needs. Eur J Cancer 
2017; 71: 53–69.

	12.	 Garcia-Carbonero R, Capdevila J, Crespo-
Herrero G, et al. Incidence, patterns of 
care and prognostic factors for outcome of 
gastroenteropancreatic neuroendocrine tumors 
(GEP-NETs): results from the National Cancer 
Registry of Spain (RGETNE). Ann Oncol 2010; 
21: 1794–1803.

	13.	 Sorbye H, Welin S, Langer SW, 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.

	14.	 Pavel M, Öberg K, Falconi M, et al. 
Gastroenteropancreatic neuroendocrine 
neoplasms: ESMO Clinical Practice Guidelines 
for diagnosis, treatment and follow-up. Ann Oncol 
2020; 31: 844–860.

	15.	 Iwasa S, Morizane C, Okusaka T, et al. Cisplatin 
and etoposide as first-line chemotherapy for 
poorly differentiated neuroendocrine carcinoma 
of the hepatobiliary tract and pancreas. Jpn J Clin 
Oncol 2010; 40: 313–318.

	16.	 Walter T, Tougeron D, Baudin E, et al. 
Poorly differentiated gastro-entero-pancreatic 

https://journals.sagepub.com/home/tam


S Levy, WHM Verbeek et al.

journals.sagepub.com/home/tam	 11

neuroendocrine carcinomas: are they really 
heterogeneous? Insights from the FFCD-GTE 
national cohort. Eur J Cancer 2017; 79: 158–165.

	17.	 McNamara MG, Frizziero M, Jacobs T, 
et al. Second-line treatment in patients with 
advanced extra-pulmonary poorly differentiated 
neuroendocrine carcinoma: a systematic review 
and meta-analysis. Ther Adv Med Oncol 2020; 12: 
1–16.

	18.	 Meric-Bernstam F and Gonzalez-Angulo AM. 
Targeting the mTOR signaling network for cancer 
therapy. J Clin Oncol 2009; 27: 2278–2287.

	19.	 Capdevila J, Salazar R, Halperin I, et al. 
Innovations therapy: mammalian target of 
rapamycin (mTOR) inhibitors for the treatment 
of neuroendocrine tumors. Cancer Metastasis Rev 
2011; 30: 27–34.

	20.	 Pavel ME, Hainsworth JD, Baudin E, et al. 
Everolimus plus octreotide long-acting repeatable 
for the treatment of advanced neuroendocrine 
tumours associated with carcinoid syndrome 
(RADIANT-2): a randomised, placebo-
controlled, phase 3 study. Lancet 2011; 378: 
2005–2012.

	21.	 Yao JC, Fazio N, Singh S, et al. Everolimus 
for the treatment of advanced, non-functional 
neuroendocrine tumours of the lung or 
gastrointestinal tract (RADIANT-4): a 
randomised, placebo-controlled, phase 3 study. 
Lancet 2016; 387: 968–977.

	22.	 Zhuo Z. Role of everolimus in the treatment of 
advanced neuroendocrine tumor: a meta-analysis 
of randomized trials. J BUON 2019; 24: 368–373.

	23.	 Pavel ME, Baudin E, Oberg KE, et al. Efficacy 
of everolimus plus octreotide LAR in patients 
with advanced neuroendocrine tumor and 
carcinoid syndrome: final overall survival from 
the randomized, placebo-controlled phase 
3 RADIANT-2 study. Ann Oncol 2017; 28: 
1569–1575.

	24.	 Fazio N, Buzzoni R, Delle Fave G, et al. 
Everolimus in advanced, progressive, well-
differentiated, non-functional neuroendocrine 
tumors: RADIANT-4 lung subgroup analysis. 
Cancer Sci 2018; 109: 174–181.

	25.	 Pavel M, Valle JW, Eriksson B, et al. ENETS 
consensus guidelines for the standards of 
care in neuroendocrine neoplasms: systemic 
therapy – biotherapy and novel targeted agents. 
Neuroendocrinology 2017; 105: 266–280.

	26.	 Mondesire WH, Jian W, Zhang H, et al. 
Targeting mammalian target of rapamycin 
synergistically enhances chemotherapy-induced 

cytotoxicity in breast cancer cells. Clin Cancer Res 
2004; 10: 7031–7042.

	27.	 Bollard J, Couderc C, Blanc M, et al. Antitumor 
effect of everolimus in preclinical models of high-
grade gastroenteropancreatic neuroendocrine 
carcinomas. Neuroendocrinology 2013; 97: 
331–340.

	28.	 Fury MG, Sherman E, Ho AL, et al. A phase 1 
study of everolimus plus docetaxel plus cisplatin 
as induction chemotherapy for patients with 
locally and/or regionally advanced head and neck 
cancer. Cancer 2013; 119: 1823–1831.

	29.	 Mollazadegan K, Welin S and Crona J. 
Systemic treatment of gastroenteropancreatic 
neuroendocrine carcinoma. Curr Treat Opt Oncol 
2021; 22: 68.

	30.	 Mitry E, Baudin E, Ducreux M, et al. Treatment 
of poorly differentiated neuroendocrine tumours 
with etoposide and cisplatin. Br J Cancer 1999; 
81: 1351–1355.

	31.	 Raj N, Valentino E, Capanu M, et al. Treatment 
response and outcomes of grade 3 pancreatic 
neuroendocrine neoplasms based on morphology. 
Pancreas 2017; 46: 296–301.

	32.	 Brandi G, Paragona M, Campana D, et al. Good 
performance of platinum-based chemotherapy for 
high-grade gastroenteropancreatic and unknown 
primary neuroendocrine neoplasms. J Chemother 
2018; 30: 53–58.

	33.	 Zhang P, Li J, Li J, et al. Etoposide and 
cisplatin versus irinotecan and cisplatin as the 
first-line therapy for patients with advanced, 
poorly differentiated gastroenteropancreatic 
neuroendocrine carcinoma: a randomized phase 2 
study. Cancer 2020; 126: 2086–2092.

	34.	 Daroszewski C, Stasiewicz M, Jazwinska-
Tarnawska E, et al. Quality of life in patients with 
advanced non-small-cell lung cancer receiving 
palliative chemotherapy. Advs Exp Med Biol 
Neurosci Respir 2019; 43: 11–18.

	35.	 van den Hurk CJ, Mols F, Vingerhoets AJ, et al. 
Impact of alopecia and scalp cooling on the well-
being of breast cancer patients. Psychooncology 
2010; 19: 701–709.

	36.	 Pinto-Leite R, Arantes-Rodrigues R, Palmeira C, 
et al. Everolimus combined with cisplatin has a 
potential role in treatment of urothelial bladder 
cancer. Biomed Pharmacother 2013; 67: 116–121.

	37.	 Christopoulos P, Engel-Riedel W, Grohe C, 
et al. Everolimus with paclitaxel and carboplatin 
as first-line treatment for metastatic large-cell 
neuroendocrine lung carcinoma: a multicenter 
phase II trial. Ann Oncol 2017; 28: 1898–1902.

https://journals.sagepub.com/home/tam


Therapeutic Advances in Medical Oncology 14

12	 journals.sagepub.com/home/tam

	38.	 Okuyama H, Ikeda M, Okusaka T, et al. 
A phase II trial of everolimus in patients 
with advanced pancreatic neuroendocrine 
carcinoma refractory or intolerant to platinum-
containing chemotherapy (NECTOR Trial). 
Neuroendocrinology 2020; 110: 988–993.

	39.	 Tarhini A, Kotsakis A, Gooding W, et al. Phase 
II study of everolimus (RAD001) in previously 
treated small cell lung cancer. Clin Cancer Res 
2010; 16: 5900–5907.

	40.	 Busam KJ, Jungbluth AA, Rekthman N, et al. 
Merkel cell polyomavirus expression in merkel 
cell carcinomas and its absence in combined 
tumors and pulmonary neuroendocrine 
carcinomas. Am J Surg Pathol 2009; 33:  
1378–1385.

	41.	 Wong SQ, Waldeck K, Vergara IA, et al. 
UV-associated mutations underlie the etiology of 
MCV-negative Merkel cell carcinomas. Cancer 
Res 2015; 75: 5228–5234.

Visit SAGE journals online 
journals.sagepub.com/
home/tam

SAGE journals

https://journals.sagepub.com/home/tam
https://journals.sagepub.com/home/tam
https://journals.sagepub.com/home/tam

