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BACKGROUND: The optimal treatment for metastatic high-grade gastroenteropancreatic (GEP) neuroendocrine neoplasms when
Ki-67 ≤55% is unknown. A prospective multi-centre phase 2 study was performed to evaluate the efficacy and safety of everolimus
and temozolomide as first-line treatment for these patients.
METHODS: Patients received everolimus 10mg daily continuously and temozolomide 150 mg/m2 for 7 days every 2 weeks.
Endpoints included response, survival, safety and quality of life (QoL). Histopathological re-evaluation according to the 2019 WHO
classification was performed.
RESULTS: For 37 eligible patients, the primary endpoint with 65% disease control rate (DCR) at 6 months (m) was reached. The
response rate was 30%, the median progression-free survival (PFS) 10.2 months and the median overall survival (OS) 26.4 months.
Considering 26 NET G3 patients, 6 months DCR was 77% vs. 22% among nine NEC patients (p= 0.006). PFS was superior for NET G3
vs. NEC (12.6 months vs. 3.4 months, Log-rank-test: p= 0.133, Breslow-test: p < 0.001). OS was significantly better for NET G3
(31.4 months vs. 7.8 months, p= 0.003). Grade 3 and 4 toxicities were reported in 43% and 38%. QoL remained stable during
treatment.
CONCLUSION: Everolimus and temozolomide may be a treatment option for selected GEP-NET G3 patients including careful
monitoring. Toxicity did not compromise QoL.
CLINICAL TRIAL REGISTRATION: ClinicalTrials.gov (NTC02248012).
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BACKGROUND
Gastroenteropancreatic neuroendocrine neoplasms (GEP-NEN) are
a heterogeneous group of neoplasms differing in biological
behaviour, treatment benefit, and survival. The 2019 WHO
classification of tumours of the digestive system separates high-
grade (HG) GEP-NEN with a Ki-67 index above 20% into two
distinct entities; well-differentiated neuroendocrine tumours, NET
G3, and poorly differentiated neuroendocrine carcinoma, NEC [1].
Despite being a rare disease, the incidence of HG GEP-NEN is
increasing [2]. Most HG GEP-NEN patients have metastases at the
time of diagnosis (60-78%) [3–6]. GEP-NEC has an aggressive

disease course, while GEP-NET G3 has a prognosis intermediate
between NET G2 and NEC. In previous studies, median overall
survival (OS) of patients with metastatic GEP-NET G3 has been
reported around 31–42 months (m) [7–9] as compared to
11–12months in metastatic GEP-NEC patients receiving palliative
chemotherapy [6, 10–12].
Traditionally patients with both GEP-NET G3 and GEP-NEC have

predominantly received platinum-based chemotherapy as first-
line palliative treatment [13, 14]. The Nordic NEC study showed
that HG GEP-NEN with a Ki-67 < 55% had a lower response rate
(RR) to platinum/etoposide compared to patients with Ki-67 > 55%
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(15 vs. 42%) [13]. Moreover, newer data show that platinum/
etoposide is not an optimal treatment for NET G3 [6]. Therefore,
guidelines generally advocate first-line palliative treatment with
platinum/etoposide for metastatic GEP-NEC [15–18], whereas the
optimal treatment for GEP-NET G3 and NEC with Ki-67 ≤ 55%
remains uncertain [19, 20]. Both everolimus and temozolomide-
based chemotherapy are established treatments for GEP-NET G1-2
[21, 22]. The combination of everolimus and temozolomide was
shown safe and effective in a prospective study of advanced
pancreatic NET G1-2 [23]. Recent studies have shown encouraging
results for both temozolomide-based chemotherapy and ever-
olimus in GEP-NET G3 [7–9, 24]. Temozolomide-based chemother-
apy has shown promising results for HG GEP-NEN in a second-line
setting, especially when Ki-67 < 55% [25], as well as for GEP-NEC
[15–18]. Current guidelines frequently suggest first-line treatment
with a temozolomide-based regimen for metastatic GEP-NET G3
[15, 16, 18], with an exception for aggressive GEP-NET G3 cases
(e.g., with Ki-67 ≥ 55%) [17]. Guidelines include a temozolomide-
based regime as a treatment option for metastatic GEP-NEC
[15–18].
Recognising the unmet need for clinical trial data to improve

the treatment of advanced HG GEP-NEN with Ki-67 21–55% and
demonstrated efficacy of both everolimus and temozolomide in
GEP-NET G1-2, this study was conducted to evaluate the
efficacy and safety of the combination of everolimus and
temozolomide as a first-line treatment for this patient group.
Pathological reclassification was performed to separate NET G3
and NEC patients according to the WHO 2019 classification of
tumours of the digestive system [1].

METHODS
Study design and patients
This study was a non-randomised, single-arm, first-line prospective multi-
centre phase II trial. Patients were included with histologically confirmed
and advanced high-grade neuroendocrine neoplasms of gastroenteropan-
creatic or of unknown origin with a predominance of gastrointestinal
metastasis. The study had the following inclusion criteria: WHO
performance status of 0–1, tumour Ki-67 index of 21–55%, no previous
therapy for advanced/metastatic disease, and measurable disease accord-
ing to Response Evaluation Criteria in Solid Tumours version 1.1 (RECIST
v. 1.1).

Treatment and evaluation
Everolimus 10mg daily continuously was combined with temozolomide
150mg/m2 for 7 days every 2 weeks. One treatment cycle was defined as
28 days. Temozolomide has been shown to be an active agent in HG GEP-
NEN with a standard 4-week regime [25]. In this study, the intention was to
increase efficacy further by using a dose intensive 2-week regime and
adding everolimus. The dosing schedule for everolimus and temozolomide
was selected from a prior study on pancreatic NET, where this schedule
was found safe, efficacious and with good tolerability [23]. When treatment
continued for >2 months, patients received pneumocystis jirovecii
prophylaxis with trimethoprim-sulfamethoxazole. Treatment continued
until death, disease progression, unacceptable toxicity, or withdrawal of
consent, whichever came first.
For haematological toxicities, both drugs were held at the occurrence of

Grade ≥3 toxicity and re-administered at the subordinate dose level
(everolimus 5mg daily continuously and temozolomide 100mg/m2 7 days
on and 7 days off) when recovery to Grade ≤2 toxicity. For non-
haematological toxicities (excluding metabolic events, pneumonitis and
stomatitis), the occurrence of Grade ≥3 toxicity led to temporary dose
interruption of both drugs until recovery to Grade ≤1 toxicity and then
reintroduction of both drugs at a lower dose. Grade 4 toxicity led to
discontinuation of both drugs. In the case of metabolic events, Grade ≥3
toxicity led to dose interruption of everolimus and re-initiation of
everolimus at a lower dose. Grade 4 toxicity led to the discontinuation
of everolimus. Treatment with both drugs was suspended in the event of
Grade ≥2 pneumonitis and stomatitis and re-administered at recovery to
Grade ≤1 toxicity to the subordinate dose level for pneumonitis and with
an unaltered dose for stomatitis.

CT evaluation was performed at baseline (before 4 weeks of treatment
initiation), after 6 weeks of treatment, and thereafter every 8 weeks, and
the response was evaluated according to RECIST v. 1.1. [18F]FDG-PET/CT
was performed at baseline and after 6 weeks of treatment with response
evaluation according to PET Response Criteria in Solid Tumours version 1.0
(PERCIST v. 1.0) [26]. To normalise the tumour SUVmax values, the tumour-
to-liver SUVmax uptake ratio (SUVTLR) was calculated.

Re-evaluation of pathology
At the time of protocol development (2014) and study enrolment (2014-
2017), all GEP-NEN with a Ki-67 > 20% were classified as neuroendocrine
carcinoma, NEC G3. The 2019 WHO pathology grading system divides HG
GEP-NEN into the well-differentiated NET G3 and the poorly differentiated
NEC [1]. As a result of the new classification, all patients were blinded and
re-evaluated in 2021 according to morphology, immunohistochemically
staining (synaptophysin and chromogranin A) and Ki-67 index, simulta-
neously and individually by two experienced NEN pathologists (A.P. and
A.C.). Conflicting or uncertain cases were discussed among them to form a
consensus. All HG-NEN patients were included in the final analysis,
including cases with a Ki-67 > 55% after re-evaluation.

Outcomes
An interim analysis was planned to evaluate the toxicity and benefit of
treatment for the first 20 consecutive patients. If >50% of the patients
experienced dose-limiting toxicity, a trial amendment with revised study
drug dosing would be performed. The study would be terminated for lack
of efficacy if <60% had at best non-progressive disease after 6 weeks of
treatment.
The primary endpoint was disease control rate (DCR) at 6 months,

equivalent to non-progressive disease at 6 months according to RECIST
version 1.1. In the Nordic NEC study, DCR at 6months was 38% for a similar
patient population (Ki-67 20–55% and PS 0–1) and the use of
temozolomide-based chemotherapy as second-line treatment in GEP-
NEC resulted in a general disease control rate of 72% at 2months, and was
even higher if Ki-67 was <60% [25]. With the use of everolimus and
temozolomide as first-line treatment, an increase in DCR at 6 months from
38% to 58% was expected. Using α= 0.05 and power 0.80, the required
sample size was calculated to 37 evaluable patients. Sample size
estimation was done by Fleming’s single-stage procedure for phase II
trials. Secondary endpoints included OS, PFS, RR, duration of response
(DOR), safety profile according to Common Terminology Criteria for
Adverse Events (CTCAE) version 4.0 and quality of life (QoL). OS was
assessed from the date of the first study treatment to the date of death or
last follow-up. There was a pre-planned subgroup analysis on objective
tumour response, PFS, and OS according to [18F]FDG-PET/CT uptake.
Metabolic tumour response was defined by PERCIST v. 1.0. Exploratory
objectives included studies of predictive and prognostic factors. Subgroup
analyses were performed for NET G3 and NEC according to primary and
secondary endpoints, as well as 3- and 5-year survival.

Quality of life
Quality of life during the trial was evaluated using the European
Organisation for Research and Treatment of Cancer QoL questionnaire
(EORTC QLQ-C30). The QoL questionnaire was to be completed at baseline,
6 weeks after the start of treatment, and then every 8 weeks during the
entire treatment course. The 30-item questionnaire included a global
health status/QoL scale, five functional scales (physical, role, emotional,
cognitive, and social functioning), three symptom scales (fatigue, nausea/
vomiting, pain), and single items assessing additional symptoms (dys-
pnoea, insomnia, appetite loss, constipation, diarrhoea) and financial
difficulties. The results were linearly transformed into a score from 0–100
according to the EORTC scoring manual. For the QoL and functioning
scales, a higher score represented a better outcome. For the symptom
scales, a high score represented an increased burden of symptoms.

Statistics
Patient and tumour characteristics were analysed using descriptive
statistics. Continuous variables (DOR, PFS and OS) were analysed using
the Kaplan–Meier method, log-rank test, and Breslow-test. Median follow-
up time was analysed with the use of the reverse Kaplan–Meier method.
Univariate analyses were performed using Cox regression. Multivariate
analyses were not performed due to the limited number of patients.
Subgroup analyses were performed for NET G3 and NEC. Comparisons of
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DCR at 6 months for NET G3 and NEC were assessed by the Exact Chi-
square test. A p-value of less than 0.05 was considered significant. The
sample size estimation was done by Fleming single-stage procedure, and
the target accrual was 37 patients. Statistical analyses were performed
using IBM SPSS statistics version 26.0. Figures were created using
MatLab 9.0.

RESULTS
The assessment of adverse event rates for the first 20 patients
showed that 75% needed dose reduction and 65% needed dose
delay, but only three patients discontinued treatment due to
toxicity. The interim analysis demonstrated a DCR of 90% at
6 weeks. Therefore, the study proceeded without adjustments to

the study medication. From November 2014 to December 2017,
38 patients were recruited from seven centres in Denmark,
Sweden, and Norway. One participant was excluded from further
analysis during the enrolment period due to additional patholo-
gical information redefining the case as having non-NEN disease.
The cut-off date for follow-up was August 17, 2021, where nine of
37 patients were still alive.

Patient and tumour characteristics
Baseline characteristics for the 37 patients included are presented
in Table 1. The median age was 66 years (range 33-79), most
patients had metastatic disease (97%) and the most common
primary tumour site was the pancreas (38%). Somatostatin

Table 1. Baseline patient and tumour characteristics.

Valid cases All cases NET G3 NEC

Total number 37 37 26 (70%) 9 (24%)

Age, median (range) 37 66 (33-79) 66 (41–79) 67 (33–74)

PS (WHO) 37

0 17 (46%) 12 (46%) 3 (33%)

1 20 (54%) 14 (54%) 6 (67%)

Gender 37

Male 20 (54%) 14 (54%) 5 (56%)

Female 17 (46%) 12 (46%) 4 (44%)

Primary tumour site 37

Pancreas 14 (38%) 11 (42%) 3 (34%)

Oesophagus 2 (5%) 1 (11%)

Gastric 3 (8%) 1 (4%) 2 (22%)

Gallbladder/duct 1 (3%) 1 (4%)

Small bowel 5 (13%) 5 (19%)

Colon left 1 (3%) 1 (11%)

Rectum 3 (8%) 2 (8%) 1 (11%)

Unknowna 8 (22%) 6 (23%) 1 (11%)

Primary tumour resected 37 4 (11%) 2 (8%) 2 (22%)

Metastatic disease 37 36 (97%) 25 (96%) 9 (100%)

Ki-67 index, median (range)b 37 38 (21–90) 29 (21–80) 50 (40–90)

Ki-67 21–55% 30 (81%) 24 (92%) 5 (56%)

Ki-67 > 55% 7 (19%) 2 (8%) 4 (44%)

Positive [18 F]FDG-PETc 33 33 (100%) 24 (100%) 7 (100%)

SRI uptake >liverc,d 28 21 (75%) 17 (85%) 3 (43%)

CgA stainingc 35

Strongly positive 29 (83%) 20 (83%) 7 (78%)

Partly positive 6 (17%) 4 (17%) 2 (22%)

Synaptophysin staining 37

Strongly positive 34 (92%) 23 (89%) 9 (100%)

Partly positive 3 (8%) 3 (11%)

CgA serum level > UNLc 34 27 (79%) 21 (91%) 4 (44%)

LDH >UNLc 30 13 (43%) 7 (35%) 5 (63%)

ALP >UNLc 33 14 (42%) 9 (41%) 3 (33%)

Platelets >400 × 109/Lc 34 1 (3%) 1 (4%)

CRP > 10mg/L 37 12 (32%) 8 (31%) 3 (33%)

NET neuroendocrine tumour, NEC neuroendocrine carcinoma, PS performance status, [18F]FDG-PET fluorodeoxyglucose-positron emission tomography, SRI
somatostatin receptor imaging, CgA chromogranin A, UNL upper normal limit, LDH lactate dehydrogenase, ALP alkaline phosphatase, CRP C-reactive protein.
aUnkown primary with the dominance of gastrointestinal metastases.
bReassessed.
cPercentage as a fraction of examined patients.
d68Ga-DOTATATE PET/CT (n = 9), 111In-octreotide SPECT (n = 27), both imaging modalities (n = 7, with same result).
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receptor imaging (SRI) was positive in 21/28 patients (75%). Thirty-
three patients had [18F]FDG-PET/CT performed at baseline, all
showed FDG-PET uptake. TSC1/2, MTOR, or PTEN mutations, which
may indicate response to everolimus, were not found among the
nine cases with an NGS panel available.

Efficacy
With a median follow-up period of 62 months, the median number
of treatment cycles was nine (range 1–34), and the median
duration of treatment was 8.6 months (range 0.7–31.0 months)
(Table 2). The primary endpoint was achieved, as DCR at 6 months
was 65% in the whole cohort; three patients (8%) experienced
immediate PD (two radiological and one only clinical PD). Eleven
of 37 patients (30%) experienced a partial response (PR) with a
median DOR of 13.0 months (range 1.4–63.2 months), and another
23 patients achieved stable disease (SD) (Fig. 1a). PFS and OS for
the 37 patients were 10.2 months (95% CI: 6.4–14.0 months) and
OS was 26.4 months (95% CI: 19.8–33.0 months), respectively
(Fig. 1b, c). Most patients (68%) discontinued treatment due to
progressive disease, five patients (14%) due to treatment-related
toxicity, and another five due to patient request. One patient
discontinued treatment after study finalisation after 2.3 years of

treatment (without progression). Estimated 3-year survival was
32%. Four patients (11%) had survival beyond 5 years, all with PR
to first-line treatment.

[18F]FDG-PET/CT evaluation
Response evaluation with [18F]FDG-PET/CT after 6 weeks of
treatment was available for 29 patients. Fifteen patients (52%) had
a partial metabolic response, nine (31%) had stable metabolic
disease, four (14%) had progressive metabolic disease, and one
(3%) had a mixed metabolic response. Fourteen/29 patients (48%)
had a non-concordant response according to PERCIST vs. RECIST
(response was upgraded in nine patients by the PERCIST criteria).
Patients with partial metabolic response had PFS 12.6 months
(95% CI: 7.7–17.5 months) and OS 31.4 months (95% CI:
9.4–53.5 months). For patients with stable metabolic response
and progressive metabolic disease, PFS was 8months (95% CI:
5.2–10.8 months) and 3.3 months (95% CI: 0–11.8 months), and OS
13.9 months (95% CI: 0–31.2 months) and 23.1 months, respec-
tively. Tumour-to-liver SUVmax uptake ratio at baseline was
calculated and available for 21 patients. An SUVTLR ≥ 3 showed a
tendency towards shorter PFS (p= 0.058) but did not have any
impact on OS.

Table 2. Treatment, response and survival.

Valid cases All cases NET G3 NEC p-value

Total number 37 37 26 9

Treatment cycles, median (range) 37 9.0 (1–34) 13.5 (1–34) 3.0 (2–10)

Treatment duration, mediana (range) 37 8.6 (0.7–31.0) 12.3 (0.7–31.0) 2.4 (0.9–9.0)

Overall best response 37

PR 11 (30%) 7 (27%) 3 (33%)

SD 23 (62%) 18 (69%) 4 (44%)

PD 3 (8%) 1 (4%) 2 (22%)

mDOR (range)a 11 13.0 (1.4–63.2) 13.2 (6.9–23.0) 1.5 (1.4–63.2) 0.848

DCR 37 34 (92%) 25 (96%) 7 (78%)

DCR 6 months 37 24 (65%) 20 (77%) 2 (22%) 0.006

mPFS (95% CI)a 37 10.2 (6.4–14.0) 12.6 (8.7–16.5) 3.4 (2.0–4.7) 0.133
<0.001c

mOS (95% CI)a 37 26.4 (19.8–33.0) 31.4 (17.0–45.9) 7.8 (3.2–12.4) 0.003
<0.001c

Three-year survival 37 12 (32%) 11 (42%) 1 (11%)

Second-line treatment 37 28 (76%) 21 (81%) 6 (67%)

Type of second-line treatment 28

Carboplatin/etoposide 9 (32%) 4 (19%) 5 (83%)

PRRT 9 (32%) 9 (43%)

TEM/CAP 2 (7%) 2 (10%)

Otherb 8 (29%) 6 (29%) 1 (17%)

Overall best response to second-line treatment 27

PR 4 (15%) 2 (10%) 2 (33%)

SD 9 (33%) 8 (40%) 1 (17%)

PD 6 (22%) 4 (20%) 1 (17%)

NE/NA 8 (30%) 6 (30%) 2 (33%)

mPFS second-line (95% CI)a 27 3.7 (2.8–4.6) 5.4 (0–11.6) 2.1 (0–4.6) 0.045

mOS second-line (95% CI)a 27 11.8 (0–25.1) 24.0 (4.0–44.0) 4.4 (1.3–7.5) 0.002

NET neuroendocrine tumour, NEC neuroendocrine carcinoma, 95% CI 95% confidence interval, PR partial response, SD stable disease, PD progressive disease,
mDOR median duration of response, mPFS median progression-free survival, mOS median overall survival, PRRT peptide receptor radionuclide therapy, TEM
temozolomide, CAP capecitabine, NE not evaluable, NA not assessed/done.
aMonths.
bTemozolomide monotherapy (n= 2), everolimus monotherapy (n= 2), streptozocin+5-FU (n= 2), capecitabine monotherapy (n= 1) and atezolizumab
(n= 1).
cBreslow-test.
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Univariate analysis
For the cohort as a whole, univariate analysis showed that Ki-
67 > 55% (re-evaluated) and CRP > 10mg/L were associated with
shorter PFS (Table 3). Likewise, shorter OS was associated with
performance status 1, Ki-67 > 55%, and CRP > 10mg/L. A pancrea-
tic primary did not affect PFS or OS.

Safety
During study treatment, 43% experienced Grade 3 and 38% Grade
4 toxicity (Fig. 2). The most frequent Grade 3 adverse events were
infection without neutropenia (16%), neutropenia (14%), anorexia
(14%), fatigue (14%), febrile neutropenia (11%), and thrombocy-
topenia (11%) (Supplementary Table 1). Neutropenia and throm-
bocytopenia also commonly occurred as Grade 4 adverse events
(14% each). Pneumonitis occurred in 24% of the patients, but only
two patients (5%) experienced Grade 3 pneumonitis. Twenty-six
patients (70%) experienced dose-limiting treatment-related toxi-
city, equally distributed between haematotoxicity and non-
haematological toxicity. Twenty-two patients needed a dose
reduction of both everolimus and temozolomide, and four
patients needed a dose reduction of everolimus only. Twenty-
three patients (62%) required dose delays (haematotoxicity: nine
(39%), non-haematological toxicity: five (22%), both: eight (35%)).
One case of GI bleeding due to thrombocytopenia was reported,
which led to treatment discontinuation.

Quality of life
Quality of life was generally preserved during study treatment,
with minor changes in the QoL mean score between baseline, 4
months (mean difference 8) and 6 months (mean difference 4)
(Fig. 3).

Second-line treatment
Twenty-eight patients received second-line treatment (76%),
mainly PRRT (32%), carboplatin-etoposide (32%) or capecitabine/
temozolomide (CAPTEM) (7%). RR was 15%, DCR 48%, and 22%
experienced immediate PD. PFS and OS from the start of second-
line treatment was 3.7 months (95% CI: 2.8–4.6 months) and
11.8 months (95% CI: 0–25 .1 months). Eleven and four patients
received third- and fourth-line treatment.

Subgroup analysis after pathological re-evaluation: NET G3
and NEC
All 37 patients were re-evaluated according to the 2019 WHO
classification, identifying 26 NET G3, nine NEC, one mixed
neuroendocrine-non-neuroendocrine neoplasm (MiNEN) and one
case with ambiguous morphology. Pathological re-evaluation
confirmed a Ki-67 ≤ 55% in 30 patients, while seven patients had
Ki-67 > 55%, among them 4 NEC, 2 NET G3 and one case of MiNEN.
Somatostatin receptor imaging (SRI) was positive in 17/20 NET G3
(85%) and 3/7 NEC patients (43%). Three NET G3 patients had a

20
1

0.8

0.6

0.4

0.2

0

Cumulative
events/
censurations

-20

-40

P
er

ce
nt

 c
ha

ng
e 

fr
om

 b
as

el
in

e

C
um

ul
at

iv
e 

su
rv

iv
al

1

0.8

0.6

0.4

0.2

0

0 1 2 3
Time (years)

4 5 6

Cumulative
events/
censurations

C
um

ul
at

iv
e 

su
rv

iv
al

-60

NET G3

NEC

NET G3

NEC

Other

PR

PD

SD

All

Patient

NET G3 12/0 24/0 26/0 28/0 28/0 28/0

NEC

NET G3

NEC

8/0 8/0

4/0 7/0 15/1 18/5 19/5 19/7

7/0 9/0 9/0 9/0 9/0 10/1

8/0 8/0 8/0 9/1

*New lesion, ** Clinical progression

Kaplan–Meier plots

Waterfall plot

Logrank-test: p=0.133
Breslow-test: p<0.001

Logrank-test: p=0.003
Breslow-test: p<0.001

Response

a b

c

Progression free survival

Overall survival

0

Fig. 1 Response and survival in 37 HG GEP-NEN patients receiving first-line treatment with everolimus/temozolomide. Waterfall-plot (a)
showing treatment response for all patients, the maximum change in the sum of the target lesion. Kaplan–Meier curves showing
median progression-free (b) and median overall (c) survival for all patients and for the NET G3 and NEC sub-groups.

S. Morken et al.

1934

British Journal of Cancer (2023) 129:1930 – 1939



history of previous low/intermediate NET. Two patients experi-
enced a transformation from NET to a tumour with NEC-like
features, one before and one after study inclusion.
DCR at 6 months was 77% for NET G3 and 22% for NEC

(p= 0.006). PR was achieved by seven patients (27%) with NET G3
and three patients (33%) with NEC. Median DOR for NET G3 and
NEC was respectively 13.2 months (range 6.9–23.0 months) and
1.5 months (range 1.4–63.2 months). Three patients (8%) experi-
enced immediate PD (two radiological and one clinical PD), two
NEC and one NET G3, all with Ki-67 ≥ 70%. PFS for NET G3 was
12.6 months (95% CI: 8.7–16.5 months) vs. 3.4 months (95% CI:
2.0–4.7 months) for NEC (Log-rank-test: p= 0.133, Breslow-test:
p < 0.01) (Fig. 1b). OS for NET G3 was 31.4 months (95% CI:
17.0–45.9 months) compared to 7.8 months (95% CI:
3.2–12.4 months) for NEC (p= 0.003) (Fig. 1c). Three-year survival
was reached by 11 (42%) patients with NET G3 and one patient
with NEC, all of which had a Ki-67 ≤ 55%. Four patients had a
survival beyond 5 years, one NEC (with secondary surgery/ablation
of metastatic disease) and three NET G3.
Univariate analysis for the NET G3 subgroup identified Ki-

67 > 55% and CRP > 10mg/L as predictors for shorter PFS, but not
for OS. For the seven patients with Ki-67 > 55%, three patients had
CRP ≤ 10, and four patients had CRP > 10.

Second-line treatment
Second-line treatment was received by 21 patients with NET G3
(nine received PRRT) and six patients with NEC. After start of
second-line treatment, NET G3 had a PFS of 5.4 months (95% CI:
0–11.6 months) compared to 2.1 months (95% CI: 0–4.6 months)
for NEC (p= 0.045). OS after start of second-line treatment was
24months (95% CI: 4–44months) for NET G3 and 4.4 months (95%
CI: 1.3–7.5 months) for NEC (p= 0.002).

DISCUSSION
To the best of our knowledge, this is the first prospective clinical
trial examining everolimus and temozolomide as first-line treat-
ment in metastatic HG GEP-NEN. The study’s primary endpoint
was met (DCR at 6 months of 65%), PFS was 10.2 months and OS
was 26.4 months. Grade 3–4 toxicity was commonly observed.
Dose reductions, dose delay and treatment discontinuation due to
toxicity were registered in 26 (70%), 23 (62%), five (14%) patients,
respectively, but the quality of life remained stable through the
treatment period.
The intention of the study was to include high-grade GEP-NEN

with a Ki-67 ≤55%. Due to the changing WHO classification, a re-
evaluation of morphology and Ki-67 index was performed to
separate NET G3 from NEC. NET G3 and NEC are two distinct
disease entities, supported by their different responses to
platinum-based chemotherapy, survival, and molecular profile
[4, 6, 27]. Limited data exist on NET G3; previous studies have
reported that they constitute 12-18% of all HG GEP-NEN [4, 6, 27].
In our material, as many as 70% were re-classified as NET G3, most
likely caused by the Ki-67 ≤ 55% inclusion criterion. Seven
patients had a Ki-67 > 55% after re-evaluation. To our surprise,
very few GEP-NEC patients had a Ki-67 < 55%, indicating that this
subgroup might be small [4]. Like earlier reports, most NET G3
patients had a pancreatic primary, and the median Ki-67 was 29%
[4, 6, 28].
There are limited data on first-line treatment for advanced GEP-

NET G3 and mainly retrospective data are available [15–17, 29]
(Supplementary Table 2). Platinum-based chemotherapy is recog-
nised as a poor treatment option for most GEP-NET G3 patients
[6, 30, 31] and is generally not recommended as a first-line
treatment in current guidelines [15–18].The choice of treatment
for these patients may depend on clinical judgement considering

Table 3. Cox regression on prognostic baseline factors for progression-free survival and overall survival.

All (n= 37) NET G3 (n= 26)

Progression-free survival

Hazard ratio (95% CI) p-value Hazard ratio (95% CI) p-value

Variables

Performance status 0 vs. 1 1.6 (0.8–3.1) 0.196 1.3 (0.6–2.8) 0.582

Pancreatic primary vs. non-pancreatic primary 1.0 (0.5–2.0) 0.990 1.0 (0.4–2.3) 0.990

Partial response vs. stable disease 2.0 (1.0–4.4) 0.065 1.8 (0.7–4.6) 0.190

Ki-67 ≤ 55 % vs. >55 % 5.1 (2.0–13.2) 0.001 13.2 (2.2–79.9) 0.005

SRI uptake <liver vs. >liver 0.8 (0.3–2.1) 0.689 0.2 (0.0–0.8) 0.026

LDH ≤UNL vs. >UNL 1.3 (0.6–2.8) 0.452 0.6 (0.2–1.7) 0.354

ALP ≤UNL vs. >UNL 1.2 (0.6–2.5) 0.552 0.9 (0.3–2.2) 0.821

CRP ≤ 10 vs. >10 2.6 (1.2–5.5) 0.013 2.9 (1.1–7.2) 0.026

All NET G3

Overall survival

Hazard ratio (95% CI) p-value Hazard ratio (95% CI) p-value

Variables

Performance status 0 vs. 1 2.3 (1.1–5.0) 0.034 2.3 (0.9–6.1) 0.099

Pancreatic primary vs. non-pancreatic primary 0.6 (0.3–1.3) 0.173 0.5 (0.2–1.2) 0.105

Partial response vs. stable disease 1.7 (0.7–4.1) 0.256 1.8 (0.6–5.7) 0.321

Ki-67 ≤ 55 % vs. >55 % 9.7 (3.1–30.7) <0.01 38.2 (3.4–432.2) 0.003

SRI uptake <liver vs. >liver 0.8 (0.3–2.3) 0.690 0.8 (0.2–3.7) 0.783

LDH ≤UNL vs. >UNL 1.2 (0.5–2.9) 0.659 0.5 (0.1–1.9) 0.343

ALP ≤UNL vs. >UNL 1.7 (0.8–4.0) 0.198 1.7 (0.6–5.2) 0.333

CRP ≤ 10 vs. >10 2.2 (1.0–4.9) 0.047 2.1 (0.–5.8) 0.145

SRI somatostatin receptor imaging, LDH lactate dehydrogenase, UNL upper normal limit, ALP alkaline phosphatase, CRP C-reactive protein.
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disease burden, proliferation index, rate of disease progression,
and SRI avidity.
Comparing our results to previous studies on systemic

treatment for GEP-NET G3 are difficult, as these studies include
retrospective data, a mixture of different treatment lines, inclusion
of non-digestive primaries, and lack of pathological review of HG
GEP-NEN according to the 2019 WHO classification. Studies on
first-line treatment with platinum/etoposide in NET G3 show a PFS
of 5.0–6.9 months [6, 32]. Better efficacy outcomes have been
reported for CAPTEM (RR 23–41%, PFS 5.7–14.1 months and OS
31.7–41.2 months) [7–9, 33, 34] and FOLFOX (RR 25-56% and PFS
6.9-16.5 months) [32, 33]. Retrospective data supports FOLFOX as a
therapeutic option for advanced GEP-NEN G3 [35]. The combina-
tion of temozolomide and nivolumab in patients with NEN,
showed a RR 32.1%, PFS 8.8 months and OS 32.3 months,
regardless of tumour differentiation and proliferation rate [36].
In our first-line study, we found for NET G3 a RR at 27%, PFS
12.6 months and OS 31.4 months, comparable to prior study
results on NET G3. Interestingly, we found no differences in benefit
for pancreatic vs. non-pancreatic NET G3 patients.
Our findings indicate that everolimus/temozolomide may be

considered a treatment option for selected GEP-NET G3 patients.
The combination might be an alternative especially for patients
with significant cardiovascular disease or a complete lack of
dihydropyrimidine dehydrogenase [37], avoiding capecitabine
(CAPTEM) and 5-FU (FOLFOX). Like CAPTEM, it offers the
advantages of being an oral regime.
The optimal way to treat GEP-NEC patients with a Ki-67 < 55% is

uncertain, with published studies indicating a poorer response to
platinum/etoposide [4, 5, 8]. GEP-NEC patients with a Ki-67 < 55%
showed a RR of 25%, PFS of 5months and OS of 11months, after
receiving platinum/etoposide treatment [6]. A small prospective
phase II study evaluating CAPTEM in NEN G3 with Ki-67 < 55%
showed that the NEC subgroup did not improve their outcome

compared to historical data on platinum/etoposide [34]. A first-line
study of CAPTEM vs. platinum/etoposide in non-small cell digestive
NEC and NET G3 was closed early due to poor accrual [38]. Among
included 62 evaluable patients, RR, PFS and OS with CAPTEM were
9%, 2.4 months and 12.6months vs. 10%, 5.4 months and
13.6months with platinum/etoposide. The study interpretation is
limited by including both NET G3 and NEC patients. In our study,
PFS and OS (3.4 months and 7.8 months) by first-line everolimus/
temozolomide, suggest a limited benefit of this schedule in GEP-
NEC although only nine patients were included. The OS for the NEC
subgroup seems inferior to the 11–12m OS seen in prior GEP-NEC
studies with the use of first-line platinum/etoposide [10–13]. Our
study verifies the significant survival advantage of patients with
metastatic GEP-NET G3 in comparison to NEC (31.4 months vs.
7.8 months, p= 0.003), like prior observations by Elvebakken et al.
(33months vs. 11months) [6].
Elevated CRP at baseline was a significant poor prognostic

factor for PFS and OS among all patients and for PFS in the NET
G3 subgroup. CRP is a well-known prognostic factor for other
cancers and for survival in surgically resected pancreatic G1-G3
NEN [39]. Future GEP-NEN studies should further explore CRP as a
possible predictive and prognostic marker.
[18F]FDG-PET is known to show a high uptake in GEP-NEC and

in the majority of NET G3 patients [4, 12, 40]. In our cohort, all 33
patients with [18 F]FDG-PET showed avidity. According to PERCIST,
partial metabolic responders had a better OS than patients with
stable metabolic disease. In our study, RECIST seemed to better
correlate PR with longer PFS than PERCIST (PFS 18.3 months vs.
12.6 months). PERCIST upgraded nine patients from SD to PR, and
PERCIST appeared to better discriminate survival comparing PR
vs.SD (OS 31.4 months vs. 13.9 months compared to 29.7 months
vs. 25.1 months with RECIST). Surprisingly the four patients with
progressive metabolic disease showed a longer OS than those
with stable metabolic disease. More data are needed to
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understand the possible role of PERCIST in treatment evaluation.
SUVTLR of 3 at baseline showed a trend towards shorter PFS, in line
with previous reports, which suggests a correlation between poor
prognosis and increased FDG uptake in NEN [41]. The majority of
our patients had an SRI uptake ≥liver as in prior studies [42].
Retrospective studies have shown that PRRT might be a treatment
option for GEP-NET G3 and possibly for selected GEP-NEC patients
with Ki-67 ≤ 55% [43–45].
The safety profile in our study was consistent with previous

reports on everolimus/temozolomide, but with a high number of
patients experiencing grade 3–4 toxicity (81%), and the majority
needing dose reduction (70%) and/or treatment delay (62%). The
rate of haematological toxicity (neutropenia grade 3–4 28% vs. 7%
and trombocyopenia grade 3–4 25% vs. 16%) and all grades of
pneumonitis (24 % vs. 7%) was higher in our study compared to
the prospective data on everolimus/temozolomide provided by
Chan et al. [23]. However, discontinuation due to adverse events
was lower in our study, 14 vs. 21%. Temozolomide 150mg/m2

every 7 days every other week was used in our study, but the
optimal starting dose for temozolomide is unknown. Other studies
have reported a good tolerance and response with 5 days of
temozolomide 200mg/m2 every 4 weeks [7, 46]. The optimal
starting dose for temozolomide and the question of continuing
maintenance everolimus after a fixed number of temozolomide
cycles is yet to be explored in future studies. A starting dose of
temozolomide at 100mg/m2 every other week (equivalent to -1
dose level in this study) might be reasonable. Comparing the
safety profile against both prospective and retrospective data
(where toxicity evaluation is not standardised) on CAPTEM gives
the impression that CAPTEM is generally better tolerated than
everolimus/temozolomide with less grade 3–4 toxicity. Although

discontinuation due to treatment-related toxicity has been
reported between 6-16 % for CAPTEM [7, 34, 47, 48]. Even if
Grade 3–4 toxicity was frequent in our study, self-reported QoL
remained stable from the initiation of treatment and through the
following 4–6months.

Strengths and limitations
The prospective design of the study and re-evaluation of HE and
immunohistochemically stained slides (including Ki-67) by experi-
enced NEN pathologists according to the 2019 WHO classification
are major strengths of this study. The main limitations are the
trial’s single-arm design, which makes it difficult to compare the
results to other treatment regimes, and the limited number of
patients due to the infrequency of these neoplasms. Interpretation
of the statistical analyses should therefore be done with caution.
Further studies are warranted to decide if first-line everolimus and
temozolomde may be recommended treatment options for GEP-
NET G3. A larger randomised study with CAPTEM as a comparator
would have more impact but is, unfortunately, most likely not
feasible. The use of everolimus in a first-line treatment regime
could possibly impair the use of this drug in second- or third-line
settings for NET G3. The recent changes in HG GEP-NEN
nomenclature were not in place at the study’s initiation; therefore,
this is a combined NET G3 and NEC cohort. After a histopathology
review, seven patients had a Ki-67 > 55%. These patients were
included in the final analysis, which seems reasonable considering
the unknown optimal cut-off for Ki-67 and the interpersonal
variability in Ki-67 reporting. Adequate pathological assessment
will be essential in future clinical trials to further assess optimal
therapeutic options for NET G3 and NEC. Our survival results may
be influenced by the selection of patients with performance status
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≤1. In this study, the O-6-Methylguanine-DNA Methyltransferase
(MGMT) methylation status was not analysed, and NGS analyses
are lacking for most patients. Studies have shown conflicting
results on the predictive value of MGMT for the benefit of
temozolomide treatment; however, a recent study found a
correlation to RR for pancreatic NET G1-2 patients [8, 34, 48–50].

CONCLUSION
In summary, everolimus and temozolomide may be a treatment
option for selected patients with metastatic GEP-NET G3 resulting
in a high DCR at 6 months of 77%, PFS 12.6 months, and OS
31.4 months. The benefit for the few GEP-NEC patients was
limited. Careful monitoring of toxicity is essential when using this
combination, but toxicity did not compromise QoL.

DATA AVAILABILITY
The data generated and analysed in this study are available from the corresponding
author upon reasonable request.

REFERENCES
1. Nagtegaal ID, Odze RD, Klimstra D, Paradis V, Rugge M, Schirmacher P, et al. The

2019 WHO classification of tumours of the digestive system. Histopathology.
2020;76:182–8.

2. Leoncini E, Boffetta P, Shafir M, Aleksovska K, Boccia S, Rindi G. Increased inci-
dence trend of low-grade and high-grade neuroendocrine neoplasms. Endocrine.
2017;58:368–79.

3. Milione M, Maisonneuve P, Spada F, Pellegrinelli A, Spaggiari P, Albarello L, et al.
The clinicopathologic heterogeneity of grade 3 gastroenteropancreatic neu-
roendocrine neoplasms: morphological differentiation and proliferation identify
different prognostic categories. Neuroendocrinology. 2017;104:85–93.

4. Heetfeld M, Chougnet CN, Olsen IH, Rinke A, Borbath I, Crespo G, et al. Char-
acteristics and treatment of patients with G3 gastroenteropancreatic neu-
roendocrine neoplasms. Endocr Relat Cancer. 2015;22:657–64.

5. Dasari A, Mehta K, Byers LA, Sorbye H, Yao JC. Comparative study of lung and
extrapulmonary poorly differentiated neuroendocrine carcinomas: a SEER data-
base analysis of 162,983 cases. Cancer. 2018;124:807–15.

6. Elvebakken H, Perren A, Scoazec JY, Tang LH, Federspiel B, Klimstra DS, et al. A
consensus-developed morphological re-evaluation of 196 high-grade gastro-
enteropancreatic neuroendocrine neoplasms and its clinical correlations. Neu-
roendocrinology. 2021;111:883–94.

7. Chan DL, Bergsland EK, Chan JA, Gadgil R, Halfdanarson TR, Hornbacker K, et al.
Temozolomide in grade 3 gastroenteropancreatic neuroendocrine neoplasms: a
multicenter retrospective review. Oncologist. 2021;26:950–5.

8. Spada F, Maisonneuve P, Fumagalli C, Marconcini R, Gelsomino F, Antonuzzo L,
et al. Temozolomide alone or in combination with capecitabine in patients with
advanced neuroendocrine neoplasms: an Italian multicenter real-world analysis.
Endocrine. 2021;72:268–78.

9. Liu AJ, Ueberroth BE, McGarrah PW, Buckner Petty SA, Kendi AT, Starr J, et al.
Treatment outcomes of well-differentiated high-grade neuroendocrine tumors.
Oncologist. 2021;26:383–8.

10. Yamaguchi T, Machida N, Morizane C, Kasuga A, Takahashi H, Sudo K, et al.
Multicenter retrospective analysis of systemic chemotherapy for advanced neu-
roendocrine carcinoma of the digestive system. Cancer Sci. 2014;105:1176–81.

11. Morizane C, Machida N, Honma Y, Okusaka T, Boku N, Kato K, et al. Effectiveness
of etoposide and cisplatin vs irinotecan and cisplatin therapy for patients with
advanced neuroendocrine carcinoma of the digestive system: The TOPIC-NEC
phase 3 randomized clinical trial. JAMA Oncol. 2022;8:1447–55.

12. Walter T, Tougeron D, Baudin E, Le Malicot K, Lecomte T, Malka D, et al. Poorly
differentiated gastro-entero-pancreatic neuroendocrine carcinomas: are they
really heterogeneous? Insights from the FFCD-GTE national cohort. Eur J Cancer.
2017;79:158–65.

13. Sorbye H, Welin S, Langer SW, Vestermark LW, Holt N, Osterlund P, et al. Pre-
dictive and prognostic factors for treatment and survival in 305 patients with
advanced gastrointestinal neuroendocrine carcinoma (WHO G3): the NORDIC
NEC study. Ann Oncol. 2013;24:152–60.

14. Sonbol MB, Halfdanarson TR. Management of well-differentiated high-grade (G3)
Neuroendocrine Tumors. Curr Treat Options Oncol. 2019;20:74.

15. Janson ET, Knigge U, Dam G, Federspiel B, Gronbaek H, Stalberg P, et al. Nordic
guidelines 2021 for diagnosis and treatment of gastroenteropancreatic neu-
roendocrine neoplasms. Acta Oncol. 2021;60:931–41.

16. Pavel M, Oberg K, Falconi M, Krenning EP, Sundin A, Perren A, et al. Gastro-
enteropancreatic neuroendocrine neoplasms: ESMO Clinical Practice Guidelines
for diagnosis, treatment and follow-up. Ann Oncol. 2020;31:844–60.

17. National Comprehensive Cancer Network. NCCN Clinical Practice Guidelines in
Oncology. National Comprehensive Cancer Network; Version 3.2021.

18. Sorbye H, Grande E, Pavel M, Tesselaar M, Fazio N, Reed NS, et al. European
Neuroendocrine Tumor Society (ENETS) 2023 guidance paper for digestive
neuroendocrine carcinoma. J Neuroendocrinol. 2023;35:e13249.

19. Sorbye H, Baudin E, Borbath I, Caplin M, Chen J, Cwikla JB, et al. Unmet needs in
high-grade gastroenteropancreatic neuroendocrine neoplasms (WHO G3). Neu-
roendocrinology. 2019;108:54–62.

20. Rinke A, Auernhammer CJ, Bodei L, Kidd M, Krug S, Lawlor R, et al. Treatment of
advanced gastroenteropancreatic neuroendocrine neoplasia, are we on the way
to personalised medicine? Gut. 2021;70:1768–81.

21. Yao JC, Shah MH, Ito T, Bohas CL, Wolin EM, Van Cutsem E, et al. Everolimus for
advanced pancreatic neuroendocrine tumors. N. Engl J Med. 2011;364:514–23.

22. Yao JC, Fazio N, Singh S, Buzzoni R, Carnaghi C, Wolin E, 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;387:968–77.

23. Chan JA, Blaszkowsky L, Stuart K, Zhu AX, Allen J, Wadlow R, et al. A prospective,
phase 1/2 study of everolimus and temozolomide in patients with advanced
pancreatic neuroendocrine tumor. Cancer 2013;119:3212–8.

24. Panzuto F, Rinzivillo M, Spada F, Antonuzzo L, Ibrahim T, Campana D, et al.
Everolimus in pancreatic neuroendocrine carcinomas G3. Pancreas. 2017;46:302–5.

25. Welin S, Sorbye H, Sebjornsen S, Knappskog S, Busch C, Oberg K. Clinical effect of
temozolomide-based chemotherapy in poorly differentiated endocrine carci-
noma after progression on first-line chemotherapy. Cancer. 2011;117:4617–22.

26. Wahl RL, Jacene H, Kasamon Y, Lodge MA. From RECIST to PERCIST: evolving
considerations for PET response criteria in solid tumors. J Nucl Med.
2009;50:122S–50S.

27. Venizelos A, Elvebakken H, Perren A, Nikolaienko O, Deng W, Lothe IMB, et al. The
molecular characteristics of high-grade gastroenteropancreatic neuroendocrine
neoplasms. Endocr Relat Cancer. 2021;29:1–14.

28. Kasajima A, Konukiewitz B, Schlitter AM, Weichert W, Kloppel G. An analysis of
130 neuroendocrine tumors G3 regarding prevalence, origin, metastasis, and
diagnostic features. Virchows Arch. 2022;480:359–68.

29. Pavel M, O’Toole D, Costa F, Capdevila J, Gross D, Kianmanesh R, et al. ENETS
consensus guidelines update for the management of distant metastatic disease
of intestinal, pancreatic, Bronchial neuroendocrine neoplasms (NEN) and NEN of
unknown primary site. Neuroendocrinology 2016;103:172–85.

30. Hijioka S, Hosoda W, Matsuo K, Ueno M, Furukawa M, Yoshitomi H, et al. Rb loss
and KRAS mutation are predictors of the response to platinum-based che-
motherapy in pancreatic neuroendocrine neoplasm with grade 3: a Japanese
Multicenter Pancreatic NEN-G3 Study. Clin Cancer Res. 2017;23:4625–32.

31. Lacombe C, De Rycke O, Couvelard A, Turpin A, Cazes A, Hentic O, et al. Bio-
markers of response to etoposide-platinum chemotherapy in patients with grade
3 neuroendocrine neoplasms. Cancers (Basel). 2021;13:643.

32. de Mestier L, Lamarca A, Hernando J, Zandee W, Alonso-Gordoa T, Perrier M, et al.
Treatment outcomes of advanced digestive well-differentiated grade 3 NETs.
Endocr Relat Cancer. 2021;28:549–61.

33. Apostolidis L, Dal Buono A, Merola E, Jann H, Jager D, Wiedenmann B, et al.
Multicenter Analysis of treatment outcomes for systemic therapy in well differ-
entiated grade 3 neuroendocrine tumors (NET G3). Cancers (Basel). 2021;13:1936.

34. Jeong H, Shin J, Jeong JH, Kim KP, Hong SM, Kim YI, et al. Capecitabine plus
temozolomide in patients with grade 3 unresectable or metastatic gastro-
enteropancreatic neuroendocrine neoplasms with Ki-67 index <55%: single-arm
phase II study. ESMO Open. 2021;6:100119.

35. Merola E, Dal Buono A, Denecke T, Arsenic R, Pape UF, Jann H, et al. Efficacy and
toxicity of 5-fluorouracil-oxaliplatin in gastroenteropancreatic neuroendocrine
neoplasms. Pancreas. 2020;49:912–7.

36. Owen DH, Benner B, Wei L, Sukrithan V, Goyal A, Zhou Y, et al. A phase II clinical
trial of nivolumab and temozolomide for neuroendocrine neoplasms. Clin Cancer
Res. 2023;29:731–41.

37. Wormann B, Bokemeyer C, Burmeister T, Kohne CH, Schwab M, Arnold D, et al.
Dihydropyrimidine dehydrogenase testing prior to treatment with 5-fluorouracil,
capecitabine, and tegafur: a consensus paper. Oncol Res Treat. 2020;43:628–36.

38. Eads JR, Catalano PJ, Fisher GA, Rubin D, Iagaru A, Klimstra DS, et al. Randomized
phase II study of platinum and etoposide (EP) versus temozolomide and cape-
citabine (CAPTEM) in patients (pts) with advanced G3 non-small cell gastro-
enteropancreatic neuroendocrine neoplasms (GEPNENs): ECOG-ACRIN EA2142. J
Clin Oncol. 2022;40:4020.

39. Niessen A, Schimmack S, Sandini M, Fliegner D, Hinz U, Lewosinska M, et al.
C-reactive protein independently predicts survival in pancreatic neuroendocrine
neoplasms. Sci Rep. 2021;11:23768.

S. Morken et al.

1938

British Journal of Cancer (2023) 129:1930 – 1939



40. Binderup T, Knigge U, Johnbeck CB, Loft A, Berthelsen AK, Oturai P, et al. (18)F-
FDG PET is superior to WHO grading as a prognostic tool in neuroendocrine
neoplasms and useful in guiding PRRT: a prospective 10-year follow-up study. J
Nucl Med. 2021;62:808–15.

41. Ezziddin S, Adler L, Sabet A, Poppel TD, Grabellus F, Yuce A, et al. Prognostic
stratification of metastatic gastroenteropancreatic neuroendocrine neoplasms by
18F-FDG PET: feasibility of a metabolic grading system. J Nucl Med.
2014;55:1260–6.

42. Raj N, Valentino E, Capanu M, Tang LH, Basturk O, Untch BR, et al. Treatment
response and outcomes of grade 3 pancreatic neuroendocrine neoplasms based
on morphology: well differentiated versus poorly differentiated. Pancreas.
2017;46:296–301.

43. Carlsen EA, Fazio N, Granberg D, Grozinsky-Glasberg S, Ahmadzadehfar H, Grana
CM, et al. Peptide receptor radionuclide therapy in gastroenteropancreatic NEN
G3: a multicenter cohort study. Endocr Relat Cancer. 2019;26:227–39.

44. Sorbye H, Kong G, Grozinsky-Glasberg S. PRRT in high-grade gastro-
enteropancreatic neuroendocrine neoplasms (WHO G3). Endocr Relat Cancer.
2020;27:R67–77.

45. Garcia-Carbonero R, Anton-Pascual B, Modrego A, Del Carmen Riesco-Martinez M,
Lens-Pardo A, Carretero-Puche C, et al. Advances in the treatment of gastro-
enteropancreatic neuroendocrine carcinomas: are we moving forward? Endocr
Rev. 2023;44:724–36.

46. Strosberg JR, Fine RL, Choi J, Nasir A, Coppola D, Chen DT, et al. First-line che-
motherapy with capecitabine and temozolomide in patients with metastatic
pancreatic endocrine carcinomas. Cancer. 2011;117:268–75.

47. Al-Toubah T, Pelle E, Valone T, Haider M, Strosberg JR. Efficacy and toxicity
analysis of capecitabine and temozolomide in neuroendocrine neoplasms. J Natl
Compr Canc Netw. 2021;20:29–36.

48. Kunz PL, Graham NT, Catalano PJ, Nimeiri HS, Fisher GA, Longacre TA, et al.
Randomized study of temozolomide or temozolomide and capecitabine in
patients with advanced pancreatic neuroendocrine tumors (ECOG-ACRIN E2211).
J Clin Oncol. 2023;41:1359–69.

49. Cros J, Hentic O, Rebours V, Zappa M, Gille N, Theou-Anton N, et al. MGMT
expression predicts response to temozolomide in pancreatic neuroendocrine
tumors. Endocr Relat Cancer. 2016;23:625–33.

50. Cives M, Ghayouri M, Morse B, Brelsford M, Black M, Rizzo A, et al. Analysis of
potential response predictors to capecitabine/temozolomide in metastatic pan-
creatic neuroendocrine tumors. Endocr Relat Cancer. 2016;23:759–67.

ACKNOWLEDGEMENTS
The Nordic Neuroendocrine Tumour Group initiated this study. The authors would
like to thank Randi Eikeland for data management. The study was presented as an
oral presentation at the ENETS conference in March 2022.

AUTHOR CONTRIBUTIONS
The study protocol was designed by HS, SWL and AS. Principal investigators for the
study were HS, SWL, AS, LWV, ML, GOH and JBS. SM did the statistical analyses with
help from the study statistician JA. Figures were created by JA. TMH helped with the
interpretation of the nuclear imaging analyses. The pathology re-evaluation was
performed by AP and AC. SM and HS wrote the initial manuscript. All authors were
involved in the review and revision of the manuscript. All authors read and approved
the final manuscript.

FUNDING
The study received a research grant from Novartis.

COMPETING INTERESTS
HS: Consultant/advisory board: Hutchison, Bayer, ITM, AAA. Lecture Honoraria;
Novartis, Ipsen, Bayer, SAM Nordic, Pierre Fabre. ML: Unrestricted research grant from
Scandion Oncology A/S.

ETHICS APPROVAL AND CONSENT TO PARTICIPATE
The protocol was approved by the National Competent Authorities in the
participating countries (Sweden, Norway and Denmark) and registered in Clinical-
Trials.gov (NTC02248012). The study was conducted in accordance with the
Declaration of Helsinki and ICH guidelines for Good Clinical Practice. Written
informed consent was obtained from all patients prior to inclusion.

CONSENT FOR PUBLICATION
Not relevant.

ADDITIONAL INFORMATION
Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/s41416-023-02462-0.

Correspondence and requests for materials should be addressed to Siren Morken.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in anymedium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons licence, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this licence, visit http://
creativecommons.org/licenses/by/4.0/.

© The Author(s) 2023

S. Morken et al.

1939

British Journal of Cancer (2023) 129:1930 – 1939

https://doi.org/10.1038/s41416-023-02462-0
http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Phase II study of everolimus and temozolomide as first-line treatment in metastatic high-grade gastroenteropancreatic neuroendocrine neoplasms
	Background
	Methods
	Study design and patients
	Treatment and evaluation
	Re-evaluation of pathology
	Outcomes
	Quality of life
	Statistics

	Results
	Patient and tumour characteristics
	Efficacy
	[18F]FDG-PET/CT evaluation
	Univariate analysis
	Safety
	Quality of life
	Second-line treatment
	Subgroup analysis after pathological re-evaluation: NET G3 and NEC
	Second-line treatment

	Discussion
	Strengths and limitations

	Conclusion
	References
	Acknowledgements
	Author contributions
	Funding
	Competing interests
	Ethics approval and consent to participate
	Consent for publication
	ADDITIONAL INFORMATION




