
309© Springer Nature Switzerland AG 2021 
G. Beretta et al. (eds.), Neuroendocrine Neoplasia Management, 
https://doi.org/10.1007/978-3-030-72830-4_20

Therapy in Poorly Differentiated 
Neuroendocrine Neoplasms  
(NEN G3)

Michela Squadroni, Rosalba Barile, 
and Giordano Beretta

20.1	 �Introduction 
and Histopathological 
Classification 
and Characteristics

According to the WHO classification, 
NeuroEndocrine Carcinomas (NEC) are defined as 
poorly differentiated NeuroEndocrineNeoplasms 
(NEN) with Ki-67 > 20% and hence G3. Although 
lately, increasing evidence suggests that G3 NEN 
are not a homogenous entity and can be further 
subclassified into biologically different sub-
groups, according to both morphological and 
pathological characteristics other than Ki-67 
alone. In fact, not all the neoplasms with high 
Ki-67 levels have histological characteristics of 
poor differentiation [1].

A separation based on the proliferative index 
(Ki-67 > 55%) showed to have clinical prognos-
tic and predictive implication: NEC with 
Ki-67  >  55% has high sensitivity and good 
response to platinum-based chemotherapy but a 
poorer prognosis than G3 NEN in the lower pro-
liferative range (20–55%) [2].

Recent data show that morphological differen-
tiation associated with Ki-67 is essential in defin-
ing prognostic and pathological subgroups 

among G3 NEN, and therefore, a separation of 
well-differentiated G3 NeuroEndocrine Tumors 
(NET) from poorly differentiated G3 NEC is 
emerging [3].

The WHO 2017 classification for pancreatic 
NEN refers to these tumors as NET G3, whose 
median Ki-67 rate is 30% compared with 70–80% 
for GastroEnteroPancreatic (GEP) NEC.  These 
neoplasms are different morphologic, molecular, 
clinical, and prognostic entities if compared to 
NEC. However, differentiation between the two 
and the pathological criteria for subdivision in 
G3 NEN and NEC are not entirely straightfor-
ward and are evolving to more precise criteria. 
Clinically, NET G3 and NEC differ substantially 
from NET G1–G2. The prognosis is worse: meta-
static disease is usually present at diagnosis, and 
the treatment of metastatic disease is different. 
NET G3 can have high proliferative index but 
rarely exceed 50–60%, different response to che-
motherapy (low benefit from platinum–etoposide-
based chemotherapy, better with oxaliplatin and 
temozolomide), high expression of SRI, and 
Chromogranin A (100% vs. 70%) [3].

Based on an analysis by Milione et  al., new 
insight in the GEP G3 NEN have been identified, 
with a median follow-up of 81  months, the 
median OS was 12.9  months. At multivariate 
analysis, morphological differentiation, Ki-67 
index, MMRd, stage, and CD117 expression 
were independent prognostic markers in NECs. 
Three different prognostic categories of NECs 
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were identified according to the degree of mor-
phologic differentiation (well vs. poorly differen-
tiated) and Ki-67 index (<55% vs. ≥55%). On 
this basis, median OS was 43.6 months in well-
differentiated neoplasms with a Ki-67 index 
20–55% (named type A), 24.5 months in poorly 
differentiated neoplasms with a Ki-67 index 
20–55% (type B), and 5.3 months (p < 0.0001) in 
poorly differentiated neoplasms with a Ki-67 
index ≥55% (type C) [3].

NET G3 is more frequent in younger patients, 
primary tumors mostly located in the pancreas 
(65%), and the disease appears metastatic since 
the diagnosis in 62–70%, sometimes appearing 
with functional syndrome (14%) compared to 
NEC (2%). For pancreatic primaries, the median 
Ki-67 has been reported in pancreatic NET G3 to 
be 29–47% (range, 21–80%), compared with 
pancreatic NEC with a median Ki-67 of 70–80% 
(range, 21–100%). Also the NET G3 prognosis is 
better than NEC. The median survival for meta-
static patients was 41 months for GEP NET G3 
versus 17  months for non–small cell GEP 
NEC.  Several retrospective studies support the 
prognostic value of histological differentiation.

Till now, classification and diagnosis based on 
morphologic differentiation alone are challeng-
ing. The pathological and biological criteria for 
subdivision in G3 NEN have not been entirely 
established yet and are evolving to achieve a 
standardization.

The ENET Society recommends that a 
pathology report on GEP NEN G3 should 
include morphology concerning both differen-
tiation (well-differentiated or poorly differenti-
ated) and small cell versus large cell, as well as 
proliferation rate as an absolute Ki-67 value 

[4]. Moreover, it is important to establish histo-
pathological criteria, marking the difference 
between NET G3 and NEC, because the Ki-67 
value alone cannot distinguish between  the 
subgroups. In fact, there is an overlapping of 
Ki-67 value among NET G3 and NEC, espe-
cially in the area of 30–50%, although a Ki-67 
of greater than 60% is rare in NET G3 
(Table 20.1).

20.2	 �Pulmonary Neuroendocrine 
Poorly Differentiated 
Neoplasms (LUNG NEN)

20.2.1	 �Histopathological 
Classification 
and Characteristics

The 2015 WHO classification has grouped the 
four histologic variants of lung NETs, namely 
typical carcinoid (TC), atypical carcinoid (AC), 
large-cell neuroendocrine carcinoma (LCNEC), 
and small-cell lung carcinoma (SCLC), into a 
unique box of neuroendocrine (NE) cell prolifer-
ations to facilitate their taxonomy and improve 
diagnostic recognition. Behaviorally, TCs are 
low-grade tumors with good prognosis. ACs are 
intermediate-grade tumors with a more aggres-
sive clinical course benefitting from multimodal-
ity therapy.

LCNEC and SCLC are high-grade carcinomas 
with dismal prognosis usually treated by chemo-
radiotherapy. A grading system independent of 
histology could prove useful in the setting of a 
metastatic disease, where morphology alone 
could not match adequately with the pathologic 

Table 20.1  Histological and molecular features of G3 NEN

Histomorphology Molecular features Ki-67, %
NET 
G3

Regular cells presenting round or oval nuclei with 
“salt and pepper” chromatin
Minimal to moderate atypia, with organoid growth 
pattern with apposition of capillary vessels to 
tumor cells lacking geographic necrosis

Abnormalities of MEN1, DAXX, and ATRX 
genes
Chromogranina A staining in 91–100%
SSTR2A staining in more than 90%

20–60%

NEC Highly proliferative atypical cells, solid growth 
pattern lacking organoid features, rosette 
formation and palisading, and apoptotic bodies 
and necrosis

Abnormal immunolabeling for p53, Rb1 
loss, and KRAS mutation
Chromogranina A staining in 60–80%
SSTR2A staining in 20%

>50%
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and clinical grade to support the best therapy 
choices.

The classification of lung NETs is a process 
based on cytological and histological features 
other than the evaluation of mitotic count and 
necrosis extent. Defining criteria of carcinoids 
include organoid growth patterns (rosettes, tra-
beculae, ribbons, festoons, lobular nests, pali-
sading), absent to focal punctate necrosis (not 
just apoptotic bodies), up to 10  mitoses per 
mm2.

On the contrary, SCLC and LCNEC are clus-
tered into poorly differentiated tumors, showing 
trabecular to solid to diffuse growth patterns, 
extensive necrosis, mitotic count higher than 10 
mitoses per mm2 with no upper limits and 
uneven cell expression for pan-NE markers, 
especially. LCNEC is a tumor category defined 
upon pan-NE IHC markers to exclude histologi-
cal mimics such as LCC-NEM and basaloid car-
cinoma, or identify non-NE components in 
combined variants. The diagnosis of SCLC 
relies primarily upon morphology in both the 
lung and elsewhere. Ki-67 antigen has been 
extensively evaluated in lung NET with several 
diagnostic, prognostic, and grading implica-
tions. Although Ki-67 level is not currently 
accredited in lung NET subtyping due to some 
overlap of cut-off thresholds among biologically 
adjacent tumors, its distribution between low- to 
intermediate-grade and high-grade tumors has 
made it a very important prognostic and predic-
tive factor. A Ki-67 level up to 20–25% has the 
highest specificity and sensitivity for low- to 
intermediate-grade versus high-grade tumors, in 
the setting of metastatic disease. It is important 
to note that Ki-67 reflects tumor biology, such 
an advantage holds particularly true for AC and 
LCNEC.  Not unexpectedly, Ki-67 is typically 
5% or less in TC and usually 80% or more in 
SCLC [5–7].

On the basis of actual knowledge, we can 
identify four different subgroups of lung NETS:

	1.	 First two groups comprehend low and low-to 
intermediate tumors, with Ki-67 lower than 
20–25% (TC with Ki-67 < 5%) and AC and 
LCNEC with Ki-67 up to 20–25%, with 

mainly indolent clinical behavior. The second 
group includes low-to-moderate malignant 
tumors showing Ki-67 level up to 20–25%, 
which correspond mostly to AC and even 
some LCNEC with a molecular profile similar 
to carcinoids.

	2.	 The third group consists of moderate to higher 
malignant tumors with Ki-67 level ranging 
from 25% to 50–60%, biologically corre-
sponding to more uncommon aggressive AC 
or LCNEC with a molecular profile similar to 
NSCLC. They can be treated with alkylating 
drugs or others chemotherapy (such as gem-
citabine, paclitaxel, or vinorelbine), but they 
do not have good response to platinum/
etoposide-based chemotherapy.

	3.	 The last group is composed of highly malig-
nant tumors with Ki-67 ranging from 60% to 
100%, biologically corresponding to aggres-
sive SCLC and SCLC-like LCNEC on molec-
ular grounds, which should be treated with 
platinum/etoposide-based chemotherapy and 
have a very poor prognosis.

20.2.2	 �Poorly Differentiated Lung 
Neuroendocrine Carcinomas 
NEC (SCLC and LCNEC) 
Treatment

Even though TNM staging classification has been 
approved for lung NEC, the old classification, 
dividing this category into limited stage (LS) and 
extended stage (ES) disease, remains a gold stan-
dard to define treatment strategy.

Lung NEC are characterized by a very aggres-
sive behavior with fast clinical progression and 
metastatic spread and extremely low survival 
time in the absence of treatment, with most of the 
patients diagnosed with advanced disease at 
diagnosis.

20.2.2.1	 �Limited Stage Disease 
Treatment

Radiochemotherapy
Small- and large-cell neuroendocrine tumors of 
the lung which involve only thoracic organs 
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(lung, nodes, and pleura) are considered limited 
stage (LS) disease and should undergo multimodal 
therapy, comprehending chemotherapy and 
radiotherapy, both sequentially or concomitant. 
In fact, chemotherapy alone results in poor intra-
thoracic disease control, with early failures 
occurring in 75–90% of patients. The addition of 
thoracic radiotherapy (TRT) to chemotherapy 
leads to a significantly lower rate of intrathoracic 
failure, to 30–60%.

In order to address this issue, two meta-
analyses were performed [8, 9]. The results from 
both analyses confirmed that multimodal treat-
ment can reduce risk of death and prolong pro-
gression free and overall survival (PFS and OS) 
over chemotherapy alone.

Platinum and etoposide doublets are the 
landmark chemotherapy for lung NEC, achiev-
ing high response rate (up to 70–80%) even 
though a rapid progressive disease often occurs 
after treatment discontinuation or during ther-
apy. Adding radiotherapy (both sequentially and 
concomitantly) can improve and prolong 
response rate in limited disease with a reduction 
in death risk of 14% and prolonging OS and 
PFS and is considered the gold standard in LS 
disease.

Prophylactic Cranial Irradiation (PCI)
The incidence of central nervous system (CNS) 
metastases in lung NEC is very high, up to 50% 
even in limited disease with good response after 
radiochemotherapy, and is the main cause of dis-
ease progression and death. PCI demonstrated to 
reduce the risk of metastatic spread to the CNS 
and therefore to increase disease control rate and 
prolong survival time, with a reduction of relative 
risk for death of 16% [10].

PCI should be proposed in all patients achiev-
ing complete or major response after radioche-
motherapy. Recent data support the use of 
prophylactic brain irradiation even in patients 
with extended disease, achieving major response 
after first-line chemotherapy. The factors associ-
ated with the recommendation for the use of PCI 
included the fitness of the patient, young age, and 
good response to chemotherapy. PCI was recom-
mended by the majority of experts for non-elderly 

fit patients who had at least a partial response 
(PR) to chemotherapy [11].

20.2.2.2	 �Advanced Stage Disease 
Treatment

First-Line Chemotherapy
Small-cell lung cancer (SCLC) is highly sensi-
tive to first-line chemotherapy, leading to rapid 
clinical and radiological improvement; unfortu-
nately, this benefit is transient, and relapse is 
expected either during or shortly after complet-
ing chemotherapy. Upon relapse, SCLC is rela-
tively refractory to second-line treatment, and 
survival with first-line platinum-based chemo-
therapy rarely exceeds 10 months. Despite this 
poor outcome, standard first-line therapy has 
been unchanged in the last three decades with 
platinum–etoposide combination being the most 
active treatment and should be considered even 
in elderly and patients in poor clinical 
conditions.

Platinum (cisplatin and/or carboplatin) and 
etoposide combination demonstrated to be very 
active and has been the standard of care for SCLC 
since 1990s. A randomized trial published in 
1992 [12] confirmed the cisplatin and etoposide 
combination as the standard of care as first line in 
advanced SCLC, demonstrating better outcomes 
than CAV (cyclophosphamide, doxorubicin, and 
vincristine) with a 8.6 median OS and a 61% par-
tial response (PR) and 10% complete response 
(CR) rate. Subsequent meta-analyses suggested 
improved survival with the use of first-line 
platinum-based regimens compared with other 
alkylating agents [13].

The next major advance to first-line therapy 
was the substitution of cisplatin with carbopla-
tin, always in association with etoposide (both 
iv and oral). This regimen offered a different 
toxicity profile (higher hematological but lower 
gastrointestinal, clinical, and neurological tox-
icity rate) but was not associated with any dif-
ference in efficacy. The COCIS meta-analysis 
compared outcomes with these two platinum 
agents confirming substantial equivalence 
between cisplatin and carboplatin in combina-
tion with etoposide [14].
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With the aim of improving the outcome of 
first-line therapy, other combinations chemo-
therapy have been investigated during last 
decades, with inconclusive and controversial 
results. The most promising one was cisplatin 
and irinotecan, although initial promising results 
in a Japanese phase III trial in comparison with 
platinum and etoposide, demonstrated  higher 
survival (median OS 12.8 months vs. 9.4 months, 
p = 0.002) and 1-year survival rate (58.4% vs. 
37.3%) [15], further studies failed to confirm 
this benefit, showing no substantial differences 
among irinotecan and etoposide in combination 
with platinum [16]. Although dismal, cisplatin 
and irinotecan could be considered as an 
alternative (even if not a new standard of care) to 
platinum-etoposide combination in first-line 
treatment of SCLC.  Finally, maintenance che-
motherapy after completion of first-line treat-
ment did not demonstrate to improve patients’ 
outcome and should not be considered in 
advanced lung NEC.

Second-Line Chemotherapy
Even if a high response rate is expected from 
first-line treatment, this result is of short dura-
tion, and a rapid disease progression is 
observed both during and within few months 
from the end  of treatment. Second-line treat-
ment has a very small probability to be active 
in SCLC, and topotecan is the only approved 
drug, with CAV (cyclophospamide, doxorubi-
cin, vincristine)  being potentially considered 
as an alternative in case of patients in good 
clinical conditions. The phase III trial compar-
ing topotecan and best supportive care demon-
strated an advantage in term of PFS (25.9 vs. 
13 weeks) with topotecan over BSC (best sup-
portive care), with a 7% PR (partial 
response) and 44% SD (stable disease), and a 
higher probability of symptoms control [17]. In 
order to improve this dismal results and define 
potential alternative, other drugs have been 
investigating in (irinotecan, paclitaxel, 
docetaxel), but any of them demonstrated an 
advantage among topotecan. Other new drugs 
have been compared with topotecan, but with 
disappointing results, for example, amrubicin 

and cabazitaxel did not show any advantage 
over topotecan in phase III trials. Prognostic 
and predictive factors for second-line topote-
can activity are clinical conditions, LDH lev-
els, and time to progression after first-line 
chemotherapy (when >90  days it was associ-
ated with better outcome). Finally in some 
cases, platinum/etoposide rechallenge could be 
considered in patients achieving good response 
to first-line chemotherapy and with a long time 
to relapse (3–6 months).

Immunotherapy
After a decade of failure in improving the results 
of first-line chemotherapy in SCLC, lately immu-
notherapy appeared to have partially changed the 
landscape of lung NEC.  Given the founding of 
high rate of somatic mutations in SCLC immuno-
therapy was expected to be an effective treatment 
for SCLC.  Phase I and II trials demonstrated 
promising results with anti-PD1 and PDL1 drugs 
in terms of survival rate in advanced stage dis-
ease in second- and third-line treatments 
(nivolumab and ipilimumab combination and 
pembrolizumab).

According to these promising results, con-
comitant immunotherapy and chemotherapy in 
first-line setting has been investigated. Despite 
the combination of cisplatin and etoposide with 
ipilimumab did not showed any improvement in 
patients outcome but increased treatment-related 
toxicity, other immunotherapies (atezolizumab 
and durvalumab) demonstrated to increase sur-
vival when administered with first-line 
chemotherapy.

The addiction of atezolizumab (anti-PDL1 
antibody) to first-line chemotherapy (carboplatin 
and etoposide) was evaluated in the IMpower 133 
[18], a phase I/III trial which included patients 
with advanced SCLC, who were randomized to 
receive chemotherapy with atezolizumab or pla-
cebo, followed by atezolizumab/placebo mainte-
nance. Atezolizumab improved both PFS (HR 
0.77; HR 0.77; 95% CI, 0.63–0.96) and OS, with 
an improvement from 10.3 months to 12.3 months 
and a HR of 0.70 (95% CI, 0.54–0.91). 
Atezolizumab improved the 1-year survival rate 
from 38.2 to 51.7%. There was no difference in 
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response rate, and no new safety signals were 
identified.

Other than atezolizumab, durvalumab (an 
anti-PDL1 antibody) demonstrated to improve 
results of first-line platinum and etoposide in a 
phase III trial (CASPIAN) [19] in which we 
randomly assigned 805 patients to receive che-
motherapy alone or in combination with dur-
valumab or durvalumab and tremelimumab, 
followed by durvalumab maintenance. The 
addition of the anti-PDL1 antibody again 
improved survival, with a median OS of 
13  months with durvalumab compared with 
10.3  months with chemotherapy. The 1-year 
survival rate was higher with durvalumab (54% 
vs. 40%), even in this case, no significant differ-
ence in term of PFS and response rate was 
observed.

These results, even if practice changing, need 
to be confirmed and further investigated, above 
all in terms of definition of predictive biomarker 
of response to define the subgroup of patients 
who can really benefit from immunotherapy; in 
fact, until now, PDL1 expression did not serve a 
predictive role in both study.

20.3	 �Extrapulmonary G3 
Neuroendocrine Neoplasms

Extrapulmonary G3 NEN are very rare, they 
mostly arise in gastrointestinal tract (35–55%) 
with  pancreas and colon representing the most 
frequently primary site followed by stomach and 
esophagus. They can be both small-cell and 
large-cell neuroendocrine carcinoma, mainly 
with high Ki-67% (above 60%) with the excep-
tion for primary pancreatic G3 NEN, which have 
a high Ki-67 level (>55%) in about 30% of cases. 
Other primary tumor sites are even more infre-
quent such as prostate, gynecological, and uro-
thelial tract.

Unfortunately, due to the rarity of these 
tumors, prospective data regarding treatment 
strategy are lacking, and the consensus on treat-
ment is mainly based upon retrospective data and 
mutuated from analogous lung NEC  (despite 

potental differences both in terms of biology and 
treatment response).

On the basis of a retrospective analysis on 305 
patients diagnosed with gastroenteropancreatic 
NEC (NORDIC NEC) [3], most extrapulmonary 
NEC are diagnosed in advanced and metastatic 
stage (60–65%) and have a poor prognosis. 
Ki-67% level, which is considered the main 
prognostic and predictive factor, appears higher 
than 55% mainly in esophageal and rectal tumor, 
while it was mainly lower in pancreatic neopla-
sia (only 33% with Ki-67 higher than 55%). 
Median OS is about 1–2 months in patients who 
do not receive oncological  treatment and 
11  months in patients who undergo 
chemotherapy.

20.3.1	 �Treatment of Extrapulmonary 
Neuroendocrine Carcinomas

20.3.1.1	 �First-Line Chemotherapy
Chemotherapy plays a prominent role in advanced 
extrapulmonary NEC, compared with their G1–2 
counterpart. Median OS is about 11 months, and 
1 month for patients receiving chemotherapy or 
not, respectively. Unfortunately, due to the small 
number of cases of extrapulmonary NEC, no pro-
spective or randomized data are available in sup-
port of chemotherapy, so far the first-line 
treatment is mutuated from data regarding 
SCLC. Platinum and etoposide doublets remain 
the standard of care for extrapulmonary NEC; 
this is usually given for 4–6  cycles, with a 
RR  (response rate) of 30%, with PFS of 
4–5 months and OS of 11 months. As previously 
mentioned, there is no randomized trial investi-
gating this regimen, but several retrospective 
studies confirm the efficacy and safety of this 
approach [20].

According to the NORDIC NEC study [3] 
response rate after first-line chemotherapy with 
platinum/etoposide combination was 31%, but 
it  was  different according to Ki-67 (higher in 
Ki-67 > 55% than 21–54%: 42% vs. 15% respec-
tively) suggesting that high Ki-67 index may pre-
dict response rate. Patients with lower Ki-67 
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(<55%) had longer survival than those with 
higher Ki-67 levels (14 vs. 10 months). On the 
other side, ORR appears to be indipendent from 
tumor morphology or chromogranin A staining. 
Finally, colonic primary tumor had a worst prog-
nosis (8 vs. 15 months) than other tumors.

More recently, retrospective data have been 
published, and platinum (both cisplatin and 
carboplatin) and etoposide combination 
chemotherapy has been confirmed as the stan-
dard of treatment, achieving a good response rate 
(from 40% to 65%), with 11.5  months OS and 
6 months PFS. Tumor response was mainly unre-
lated to primary site, endocrine hyperfunction, or 
prior therapy experience (Table 20.2).

Another regimen which has been investigated 
is cisplatin/irinotecan, even in this case mutu-
ated on results observed in phase III study in 
SCLC, a retrospective study for patients with 
advanced NECs included patients treated with 
both cisplatin/etoposide and cisplatin/irinotecan 

(Table 20.2). The response rate and OS (13 vs. 
7  months) was higher in cisplatin/irinotecan 
arm; however, the difference was not statistically 
significant due to the imbalance with respect of 
primary site. Similar results were observed in 
another study, enrolling both extrapulmonary 
NEC and NET G3. Cisplatin and irinotecan 
combination was effective in NEC with a RR of 
51% and 8 months median OS, but did not show 
any activity in NET G3 (no partial response 
observed, with a median OS of 5.4  months) 
meaning that while the combination of cisplatin 
and irinotecan may have activity in patients with 
poorly differentiated neuroendocrine tumors, it 
has little or no activity in patients with well-dif-
ferentiated histologies.

According to clinical results of NORDIC 
NEC study, patients with Ki-67 lower than 55% 
did not have good response to platinum/etopo-
side (EP) combination (even with a better prog-
nosis), suggesting the use of alternative 

Table 20.2  First-line chemotherapy in NEC G3

Histology (number of 
patients) Regimen Response rate

Overall 
survival 
(months)

Progression-free 
survival (months)

Moertel et al. 
[21]

Anaplastic neuroendocrine 
tumor (18)

Cisplatin/
etoposide

ORR 67% 19 8

Mitry et al. [22] PDNEC (41) Cisplatin/
etoposide

CR 9.8%
PR 31.7%
SD 34%

15 9.2

Frizziero et al. 
[23]

Extrapulmonary PD NEC 
(113)

Carboplatin/
etoposide  
(iv or oral)

CR 7%
PR 40%
SD 26%

11.5 6

Iwasa et al. [24] Gastroenteropancreatic 
NEC (21)

Cisplatin/
etoposide

CR 0
PR 14%
SD 48%

5.8 1.8

Sorbye et al. [2] GEP NEN (252) Cisplatin or 
carboplatin/
etoposide

PR 31% 11 6

Du et al. [25] GEP NEC (11) FOLFIRI PR 63% 13 6.5
Li et al. [26] Gastroenteropancreatic 

NEN G3 (40)
Cisplatin/
irinotecan

PR 51% (NEC)
PR 0% 
(NETG3)

5.7 (NEC)
8.9 (NET G3)

Rogowsky et al. 
[27]

G3 NEN (32) Capecitabine/
temozolomide

PR 70% 
(NETG3)
PR 30% (NEC)

22 (NET 
G3)
4.6 (NEC)

15.3 (NETG3)

3.3 (NEC)
Bajetta et al. 
[28]

PD G3 NEN (40) XELOX PR 23%
SD 7%

11 5
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chemotherapeutic regimen in this subgroup. On 
the basis of this further subclassification, retro-
spective data are available, and oxaliplatin- 
(FOLFOX or CAPOX) or temozolomide-based 
treatment can be considered as an alternative to 
EP in gastroenteropancreatic NEC with 
Ki-67 < 55% (Table 20.2).

20.3.1.2	 �Second-Line Chemotherapy
Evidence for second-line chemotherapy in 
patients with progressing disease after platinum-
etoposide is very limited, and no prospective data 
are available; therefore, thee is not consensus 
regarding optimal second-line chemotherapy 
[20]. Overall response rate (observed in NORDIC 
NEC study) is quite low (about 18%) even if 
small retrospective series have documented 
higher response rate (30–40%, in selected 
patients), with short benefit and an estimated PFS 
of 3–4 months and OS lower than 6 months [3].

Actual data regarding second-line chemother-
apy mainly derive from retrospective analysis on 
small number, in fact a low percentage of patients 
is able to receive further treatment after failure of 
first-line chemotherapy due to rapid clinical 
worsening related to tumor aggressiveness.

The most active regimens investigated are 
FOLFIRI, oxaliplatin-based chemotherapy 
(FOLFOX and CAPOX) and temozolomide (both 
alone or in combination with capecitabine). No 
prospective or randomized data have been avail-
able until now, and clinical results are mainly dif-

ficult to compare due to the heterogenous 
population included in these analyses (mainly 
both G3 NET and NEC).

FOLFIRI showed quite interesting results in 
retrospective analysis (comprehending both G3 
NET and NEC), with 31% response, 31% stable 
disease with a median PFS of 4  months and 
8 months OS (Table 20.3).

Another potential alternative is oxaliplatin-
based chemotherapy (FOLFOX or CAPOX) 
(Table 20.3) which is demonstrated to be effec-
tive as second-line chemotherapy with a docu-
mented response rate of 20–40% and a median 
OS up to 6 months.

Finally, temozolomide can have a role in the 
treatment of progressive disease, both alone and 
in combination with capecitabine, it has demon-
strated encouraging results especially in tumors 
with Ki-67 lower than 55% (Table 20.3).

Finally, some data are available for biologi-
cal treatment, with some activities observed for 
both everolimus and sunitinib in GEP G3 NEN 
(both NETG3 and NEC), supporting further 
analysis in order both to confirm these data and 
to better define the role of these drugs other than 
identify predictive factors of response 
(Table 20.3).

Second-line chemotherapy should be consid-
ered according to clinical characteristics of 
patients, performance status, and tumor features. 
In some cases, platinum/etoposide re-treatment 
can be considered, in case of prolonged response 

Table 20.3  Second-line chemotherapy in NEC G3

Histology (number of 
patients) Regimen Response rate

Overall 
survival 
(months)

Progression-
free survival 
(months)

Hentic et al. [29] NEC (19) FOLFIRI PR 31% 18 4
Hadoux et al. [30] NEC (20) FOLFOX PR 29% 9.9
Welin et al. [31] PD NEC (25) Temozolomide/

CAPTEM
CR 4%
PR 33%
SD 38%

22 6

Pellat et al. [32] PD G3 NEN (31) Sunitinib PR 66% (NETG3)
PR 55% (NEC)

6 1.5

Okuyama [33] Pancreatic NEC (25) Everolimus PR 0%
SD 39%

7.5 1.2

Panzuto et al. [34] Pancreatic NEC (15) Everolimus SD 73% 28 6
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to first-line chemotherapy (at least 3–6  months 
relapse free survival).

20.4	 �Treatment 
of Extrapulmonary G3 
Neuroendocrine Tumor 
(NET)

The optimal sequence of treatments for NET 
G3 remains unclear, as this category has been 
recently identified. NET G3 is considered a 
molecularly, radiologically, and prognostically 
distinct entity compared to NEC and NET G1/
G2. Although NET G3 have been treated 
mainly with platinum-based chemotherapy, ret-
rospective data showed that this treatment has 
limited effectiveness in this group of 
neoplasms.

Predictive factors for treatment benefit in NET 
G3 are scarce, and few prospective studies are 
available. Much more research is, therefore, 
needed to aid clinicians selecting the best person-
alized therapy. Until further data are available, 
NET G3 treatment choice has to consider several 
factors: tumor differentiation, tumor stage, pri-
mary tumor location, Ki-67 index, and clinical 
course as well as each patient’s specific features. 
Again, most chemotherapy studies are a mixture 
of NET G3 and  NEC and specific data on the 
NET G3 subgroup are few and based on a very 
small number of patients.

20.4.1	 �Chemotherapy

Chemotherapy has a central role in the treatment 
of advanced NET G3 and should be considered 
the standard of treatment in first-line setting. 
Several retrospective data and few prospective 
trial have been evaluating and investigating the 
role of chemotherapy and the potentially  active 
drugs [35].

20.4.1.1	 �Temozolomide
The role of temozolomide, an alkylating agent, 
has been defined for advanced well-differentiated 

G1 and 2 pancreatic NET in multiple studies. It 
demonstrated to be effective, both as a single 
agent and in combination with capecitabine in 
NET G3 (other than G2), the main part of the 
results being about pancreatic NEN, and some 
reports about lung NET. The activity of CAPTEM 
(Capecitabine and Temozolomide) was recently 
evaluated in NEN G3: NET G3 had a bet-
ter response compared to NEC group in terms of 
DCR (70% vs. 30%), PFS (15.3  months vs. 
3.3  months), and median OS (22  months vs 
4.6 months).

A retrospective Australian study reported the 
activity of CAPTEM in patients with metastatic 
NET G2 (66%) and G3 (34%). ORR was 46.9% 
in the overall population with 15.6% of patients 
having stable disease. A retrospective multicenter 
study evaluated the activity of temozolomide-
based therapy in patients with G3 NENs, show-
ing a time to treatment failure (TTF) in patients 
with well-differentiated G3 NETs was 
5.8  months, OS and ORR for the same group 
were 30.1  months and 52%, respectively. The 
phase II clinical trial (ECOG-ACRIN EA2142) 
will better help to assess the activity of CAPTEM 
compared to platinum and etoposide combination 
in patients with advanced GEP-NEN G3 exclud-
ing small-cell histology (Table 20.4).

A number of studies have shown that 
O6-methylguanine-DNA methyltransferase 
(MGMT) can be a  predictor of temozolo-
mide  efficacy in patients with advanced NENs. 
However, the mechanism behind the association 
between MGMT and temozolomide is unclear. A 
lack of MGMT deficiency in patients with NENs, 
as shown by immunohistochemistry, has been 
demonstrated in 24–51% of cases, whereas 
MGMT deficiency in cases of gastrointestinal 
NENs has not yet been reported. Further studies 
and clinical trials are required to demonstrate the 
relationship between MGMT and 
temozolomide.

Similar reports have been observed even in 
lung NEN, CAPTEM regimen is associated with 
a high response rate and a tolerable toxicity pro-
file in lung NENs with 30% patients exhibited a 
partial response, 55% stable disease, and 10% 

20  Therapy in Poorly Differentiated Neuroendocrine Neoplasms (NEN G3)



318

progressive disease, and promising results in 
term of PFS and OS (Table 20.4).

20.4.1.2	 �Platinum-Based 
Chemotherapy

In general, first-line treatment for G3 NEC 
is  platinum-based chemotherapy, and multiple 
retrospective cohorts suggest a low response to 
platinum-based therapy in NET G3 patients rang-
ing from 0% to 17%. The NORDIC NEC study 
included patients with GEP NEN G3 treated with 
platinum-based regimens, demonstrated that G3 
NET (Ki-67  <55%) had lower probability of 
response (even if better survival) compared to 
NEC with Ki-67 >55%, ORR was 15% vs. 42%, 
respectively, when treated with platinum/
etoposide. According to these data, an alternative 
treatment should be considered in G3 NET and 
extrapulmonary NEC with Ki-67 lower than 
55%. A retrospective analyses by Fazio et al. sug-
gest that oxaliplatin-based chemotherapy can be 
active with a manageable safety profile in 
advanced NETs irrespectively of the primary 
sites and tumor grade [capecitabine/oxaliplatin 
(CAPOX), 6% gemcitabine/oxaliplatin 
(GEMOX), and 29% leucovorin/fluorouracil/
oxaliplatin (FOLFOX-6)] [39]. Similar results 

have been observed in a study by Bajetta et al., 
which demonstrated activity of oxaliplatin and 
capecitabine combination in G3 NET with a 30% 
DCR (23% PR and 7% SD) in second-line treat-
ment, this study demonstrated a  lower activity 
profile in G1–2 NET and NEC (Table 20.4).

20.4.2	 �Biological Treatment

Both everolimus and sunitinib (both alone and in 
association with somatostatin analog (SSA) are 
the standard of care in progressive low to inter-
mediate NET. While sunitinib demonstrated sur-
vival advantage only in pancreatic NET, 
everolimus is the standard of care in low to inter-
mediate NET of pancreatic, lung, and non-
functioning gastrointestinal origin. Some activity 
evidences have been shown for both drugs in G3 
NET and NEC.

Everolimus: Actually, we only have some case 
reports, and a retrospective study about everoli-
mus activity in NET G3. An Italian study included 
patients with advanced pancreatic NET G3 with a 
Ki-67 of 55% or less (median, 30%); everolimus 
was given mainly after first-line treatment. 
Median PFS was 6  months and OS was 

Table 20.4  Treatment of G3 NET

Histology (number of 
patients) Regimen

Response 
rate

Overall 
survival 
(months)

Progression-free 
survival (months)

Chan et al. 
[36]

Gastroenteropancreatic 
G3 NEN (118)

Temozolomide/CAPTEM CR 1%
PR 39%
SD 22%

18 5

Sahu et al. 
[37]

G3 NET (32) CAPTEM ORR 
(26.9%)
SD 15%

24 15

Thomas 
et al. [38]

G3 NEN (116) CAPTEM (second line) DCR 73% 38 13

Spada 
et al. [39]

G3 NET Oxaliplatin-based 
chemotherapy (GEMOX; 
CAPOX; FOLFOX)

PR 26%
SD 54%

32 8

Pellat et al. 
[32]

PD G3 NEN (31) Sunitinib PR 66% 
(NETG3)
PR 55% 
(NEC)

6 1.5

Okuyama 
[33]

Pancreatic NEC (25) Everolimus PR 0%
SD 39%

7.5 1.2

Panzuto 
et al. [34]

Pancreatic NEC (15) Everolimus SD 73% 28 6

M. Squadroni et al.
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28 months; 40% had disease stabilization for at 
least 12 months [33, 34].

Sunitinib seems to show activity also in NET 
G3. Mainly two studies have evaluated the activ-
ity of sunitinib in NEN G3 after progression to 
chemotherapy. In an open-label phase II, non-
randomized prospective trial, 31 patients with 
GEP-NEN G3 (six patients with NET G3 were 
included) mainly pretreated with chemotherapy, 
received sunitinib. Among 31 patients, DCR was 
58% while ORR was detected in 12.9%. There 
was no correlation between tumor differentiation 
and response to therapy.

In a larger retrospective study, 60 patients with 
pancreatic NEN treated with sunitinib ORR (in 
the overall population) was 33.3% with 48.3% 
stable disease; while G3 NET patient ORR was 
60% and 30% SD; PFS in NET G3 was similar to 
well-differentiated NET (but PFS data was not 
statistically significant). Otherwise, NEC G3 had 
a worse prognosis and no response to sunitinib 
[32] (Table 20.4).

20.5	 �Immunotherapy in GEP 
G3 NEN

Immunotherapy has demonstrated to be active 
and improved patients’ survival in combination 
with first-line chemotherapy in SCLC. Evidence 
points to an important role of immune phenom-
ena in the pathogenesis and treatment of NENS, 
and the presence of inflammatory infiltrated can 
be considered a poor prognostic factor. Even if 
still lacking, some evidences showed PDL1 
expression in metastatic gastroenteropancreatic 
(GEP)-NENs, in particular in high-grade tumors, 

poorly differentiated NENs, and GEP-NECs. 
Furthermore, PD-1 and its ligands appear to be 
also expressed in well-differentiated intestinal 
and pancreatic NETs. This molecular and genetic 
profile could explain potential activity of immune 
check-point inhibitors in GEP G3 NEN [40].

Currently, there are only preliminary data on 
the effects of immune checkpoint inhibition from 
controlled trials in GEP NEN patients. Actual 
data regards mainly pembrolizumab which did 
not demonstrate high response rate, but a good 
percentage of disease control in G1–2 NET. Even 
the association of pembrolizumab with platinum 
containing chemotherapy in NEN G3 resulted in 
low response rate. Interesting and promising data 
derive from the DART trial [43]: the combination 
of immunotherapy with ipilimumab and 
nivolumab in the treatment of NEN G3 resulted 
in a 44% of ORR in NEN G3.

Although NEN G3 has high mutational bur-
den, making them potential target for immune 
checkpoint inhibitors, the role of immunotherapy 
still remains unclear ant its role is a is currently 
evaluated in several phase II studies (Table 20.5).

20.6	 �Locoregional Therapy

Very little is known about the role of regional 
therapy such as surgery, radiation, ablative ther-
apy, and embolotherapy in patients with G3 
NEN.  The treatment recommendation for 
patients with apparently localized disease is not 
based on prospective data, and supporting evi-
dence from heterogenous studies is limited [3, 
20]. Curative surgery is usually attempted 
in  localized disease, although retrospective 

Table 20.5  Immunotherapy in G3 NEN

Histology (number 
of patients) Regimen Response rate

Overall 
survival 
(months)

Progression-free 
survival (months)

Mehnert et al. [41] G1–2 NET 
(carcinoid 170; 
pNET 106)

Pembrolizumab 12% (carcinoid)
6.3% (pNET)

– Not reached in 
pNET
9.2 in carcinoid

Vijayvergia et al. 
[42]

G3 NEN (29) Pembrolizumab PR 3.4%
SD 20.7%

Patel et al. [43] G3 NEN (32) Nivolumab/
ipilimumab

ORR 44% (0% in 
low-grade tumor)

11 31%, 6 months 
PFS
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series indicate that it is rarely curative as a sole 
therapeutic modality. There is expert consensus 
that surgery alone is rarely curative and that 
patients with limited disease should probably 
receive multimodality-based treatment. Surgery, 
as a part of the treatment, can be curative in 
patients with localized disease even with regional 
nodal metastasis; however, retrospective data 
often do not distinguish between NET G3 and 
NEC G3. The 5-year survival for localized dis-
ease depends of the primary tumor site: 40–50% 
for colorectal, gastric, and pancreatic neoplasms 
and 25% for anal and esophageal primaries. 
Surgery as a part of the treatment should be con-
sidered for all localized GEP NEC with the 
exception for esophageal cancer [20].

Until more data become available, the 
locoregional approach for G3 NET should fol-
low the treatment paradigms for NET G2 and 
intended curative resection/ablation suggest a 
survival benefit,  especially in tumors with a 
Ki-67 less than 55%. Retrospective analysis 
showed a trend toward a better survival in 
patients with colorectal and pancreatic NEC 
who underwent primary tumor resection, in a 
multimodal approach (comprehending chemo-
therapy and radiotherapy) [44, 45].

In pancreatic NET G3, resection of primary 
tumor seems to be associated with better sur-
vival than chemotherapy alone, although deb-
ulking surgery cannot be recommended in NEC 
because of the tumor aggressiveness and the 
absence of clear benefit from retrospective data. 
An Italian retrospective analysis suggests that 
surgery with radical intent could be discussed 
in pancreatic G3 NEN, even though a better 
survival was observed in patients with Ki-67 
lower than 55% and G3 NET.  Given the high 
relapse rate observed after radical surgery, most 
clinicians would advocate platinum-based adju-
vant therapy in this setting, while some authors 
propose neoadjuvant chemotherapy followed 
by definitive surgery, although data to support 
this approach are scarce [20].

In patients with important comorbidities or 
where the tumor’s anatomical site makes surgical 
resection not advisable due to high morbidity 
(i.e., esophagus), a definitive course of radiother-

apy and chemotherapy is a reasonable treatment 
strategy. Debulking and locoregional treatment 
for liver metastasis are not recommended and 
also discouraged in poorly differentiated NEC.

20.7	 �Peptide Receptor 
Radionuclide Therapy (PRRT)

Peptide receptor radionuclide therapy (PRRT) 
delivers highly localized radiation by targeting 
specific somatostatin receptors on tumor cells. 
PRRT is comprised of three main components: a 
high activity radionuclide (177Lutetium or 
90Yttrium), linked via a chelator (DTPA or 
DOTA) to a somatostatin receptor (SSR)-binding 
ligand which is typically a somatostatin analog 
(octreotide or octreotate). PRRT has been 
approved for somatostatin-positive GEP-NETs 
after failure of previous therapy, according to the 
results of NETTER 1 phase III trial, which did 
not include G3 NET [46].

Peptide receptor radionuclide therapy (PRRT) 
has previously not been recommended for GEP 
NEN G3 due to the assumption that these tumors 
lacked SSR expression, and the growth rate was 
too rapid to expect any benefit from 
PRRT.  However, several retrospective studies 
have shown that high-grade tumors can dis-
play  a  high tumor SSR expression, and these 
patients seem to benefit from PRRT [29]. Last 
evidences demonstrate that NET G3 can have 
somatostatin receptor expression (87–92% posi-
tive on SRI), so PRRT could be a potential thera-
peutic option in these patients. SRI positivity has 
been reported for both NET G3 and NEC, and 
expression of somatostatin receptor 2A has been 
shown with immunohistochemistry.

According to these evidences, some studies 
evaluated PRRT in progressive G3 NEN [47, 48], 
demonstrating interesting activity profile, which 
need to be further confirmed. The larger one 
included 149 patients with progressive disease 
NEN G3. Results from these studies are mainly 
based on patients with pancreatic primary NET 
G3 or low NEC (Ki-67 <55%). However, the PFS 
and OS seem impressive as second- and third-
line therapies, especially for the NET G3 and low 

M. Squadroni et al.



321

NEC group (40% PR and 38% SD, with median 
OS of 44 and 19  months in NEN G3 and low 
NEC, respectively). For NEN G3 with a 
Ki-67 <55% and specifically the low NEC sub-
group, available data suggest a possible 
substantial benefit of PRRT.  The outcomes of 
PRRT in GEP NEN G3 with a Ki-67 >55% are 
based on limited number of cases, and a possible 
benefit is therefore difficult to assess, addition-
ally response rate was similar between NEC and 
G3 NET (40–50%), the duration of response was 
limited in NEC with frequent immediate progres-
sion. Another potential option is the combination 
of PRRT and chemotherapy in NEN G3, several 
studies have used concomitant chemotherapy 
including infusional 5FU, oral capecitabine or 
capecitabine and temozolomide with favorable 
responses and acceptable toxicity for patients 
with metastatic NEN.

Pending further research such as NETTER 2 
( h t t p s : / / c l i n i c a l t r i a l s . g o v / c t 2 / s h o w /
NCT03972488) investigating the role of PRRT in 
high grade G2 and G3 NEN with Ki-67 <55% is 
warranted to define the effective role of PRRT in 
G3 NEN. Up to now PRRT for high-grade GEP 
NEN with a high uptake on SRI showed promis-
ing response rates, disease control rates, 
progression-free survival, and overall survival. 
Until further data are available, PRRT could be 
considered for all NET G3 cases and NEC cases 
with a Ki-67 21–55% with high uptake on SRI 
even if it cannot be considered a standard of care 
yet. The crucial clinical questions are to decide 
which NEN G3 patients should be offered PRRT 
and when it should be used. ENETS guidelines 
recommend that PRRT can be considered in SRI-
positive NET G3 [20], with Ki-67  <55% and 
could be discussed in NEC with SRI, whereas the 
National Comprehensive Cancer Network 
(NCCN) recommend only the use of PRRT in 
GEP NEN when Ki-67 is ≤20%.
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