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Neuroendocrine Neoplasms (NEN=NET+NEC)

Pancreatic small-cell NEC (Ki67=70%)

Pancreatic NET-G3 (Ki67=45%)

Heetfeld, End Rel Can 2015
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I- Metastatic NEN G3

• Chemotherapy?
• Targeted therapies?
• Somatostatin analogs?



Walter, Eur J Cancer 2017

NEC G3 (poorly differentiated)

In the French cohort (n=253):

• 78% of GEP-NEC are 
metastatic at diagnosis

• Median Ki67: 75%

• Median overall survival: 
15.6 months



Chemotherapy in NEC (first-line)

NEC G3
L1: Cisplatin

(or carboplatin)-

etoposide

Sorbye cancer 2014

OR ~ 31-58%

PFS ~ 4-9 months

OS ~ 11-19 months



NEC G3
L1: Cisplatin

(or carboplatin)-

etoposide

L2: Folfiri or Folfox

or Tem-Cap

or Clinical trial

72 24% 2.9 mo 5.9French cohort

Chemotherapy in NEC (second-line)

Pavel, NeuroEndoc 2016; Walter, Eur J Cancer 2017; Welin Cancer 2011; 

Sorbye cancer 2014; Sorbye Ann Oncol 2013



R
1 : 1

Folfiri + 

Bevacizumab

Folfirin = 124

PEP: overall 

survival

At 6 months

H0: 35% => H1: 

50% of patients 

alive at 6 months 

is expected.

Bevacizumab in NEC?

PRODIGE 41 - BEVANEC study (PI: T Walter)
A phase 2 randomized study

• GEP-NEC and 
unknown

• L2, after 
cisplatin (or 

carboplatin)-
etoposide L1



• No personal or familial past medical history

• No treatment

• Fortuitous diagnosis of metastatic pancreatic cancer

• Performance status of 1; no functioning tumor

NEN-G3: Mr F. (8/10/1950)



• Liver biopsy: large cell NEC, with Ki67 of 30%

• FDG PET uptake (SUV): 7.9 (pancreas) and 10 (liver)

• High uptake on Octreoscan®

NEN-G3: Mr F. (8/10/1950)



Progressive disease after two cycles and higher uptake on FDG PET

Treated with cisplatin-etoposide

Low Ki67 (<55%) is associated with lower response to platinum-etoposide

Objective response: 15% (Ki67 < 55%) vs 42% (Ki67 > 55%)

Sorbye H, Ann Oncol 2013  



• Path review: NET G3, Ki67 of 28%, no necrosis

NEN-G3: Mr F. (8/10/1950)

Heetfeld, End Rel Can 2015

Median Ki-67

30%

80%



Response to platinum/etoposide in first-line
chemotherapy (platin-etoposide)

NEC NET G3
Best Response Number (%) Number (%)

OR 41 (33 %) 1 (14 %)

SD 27 (22 %) 1 (14 %)

PD 33 (27 %) 5 (71 %)

NA 23 (18 %) 0 (0 %)

Heetfeld, End Rel Can 2015

OR of 30% with cisplatin-etoposide in GEP-NEN, but 0% in NET-G3
Baudin, End Rel Can 2013



• Path review: NET G3, Ki67 of 28%, no necrosis,
methylated MGMT (pyrosequencing, 15%)

• MDT: temozolomide-capecitabine
=> Objective response after 3 cycles

=> Still stable after one year

NEN-G3: Mr F. (8/10/1950)



R
1 : 1

Tem-Cap

Cisplatin + Etoposide

n = 126

PEP: PFS

Randomized phase II study (ECOG-ACRIN Cancer Research Group, 
NCT02595424, NCI, PI: Jennifer R. Eads)

• Advanced large-
cells GEP-NEC 

• Ki67: 20-100%
• First-line

Which chemotherapy for NET-G3, as NET-G2 or as NEC?



ENETS guidelines (M+, not resectable)

Adapted from Pavel, NeuroEndoc 2016

NEC G3

NET G3

L1: Cisplatin

(or carboplatin)-

etoposide

L2: Folfiri or Folfox

or Tem-Cap

or Clinical trial

L1: STZ-5FU 

or Tem-Cap
L2: Folfiri or Folfox

or Clinical trial

Everolimus ?

Sunitinib ?

Options ?



Sunitinib in NEN-G3?

• 31 patients with NEN-G3: 6 NET-G3 and 25 NEC
• Treated with sunitinib 37.5mg/day
• 4 Partial response and 14 stable disease
• Median PFS=42 days 
• Median OS=185 days

Pellat, Neuroendoc, in revision

A phase 2 study  



Everolimus in NEN-G3?

• Antitumor effect of everolimus in vivo (model of NEC) 
Bollard, Neuroendocrinology 2013

• mTOR pathway activation is associated with poor prognosis
Missiaglia, J Clin Oncol 2010 and Qian, J Clin Oncol 2013

• Basal expression of pS6 and pmTOR were predictive factors of response
to temsirolimus Duran, Brit J Canc 2006



Everolimus in NEN-G3?

• Effect of everolimus seems to be associated with tumour proliferation

Radiant-3, Yao, NEJM 2011

Radiant-4, Yao Lancet 2016

=> One ongoing phase II study testing the safety of everolimus as second-line
treatment in NEC and NET-G3. 
National Clinical Trial identifier NCT02113800; PI: M. Pavel



Temozolomide-everolimus

n = 40

PEP: control 

disease at 6 

months

Phase II study (Nordic group, NCT02248012, NCI, PI: H. Sorbye)

• Advanced 
GEP-NEC 

• Ki67: 20-55%
• First-line

Everolimus in NEN-G3?



ENETS Recommendations (M+, not resectable)

Adapted from Pavel, NeuroEndoc 2016

NEC G3

NET G3

L1: Cisplatin

(or carboplatin)-

etoposide

L2: Folfiri or Folfox

or Tem-Cap

or Clinical trial

L1: STZ-5FU 

or Tem-Cap

or Oxalip-based?

L2: Folfiri or Folfox

or Clinical trial

or as NET-G2?

I- Conclusion for metastatic NEN G3

• Chemotherapy: always in L1 and L2
• Targeted therapies: in clinical trials
• Somatostatin analogs: no data – no indication

Clinical trials:

Everolimus ?

Sunitinib ?

Anti-PD1 ?



II- NET G1-G2

NET G1-G2 Midgut and other GI

Pancreas

Lung



Aims of treatments in NETs?

• Objective response (secondary resection, symptomatic patient 
due to tumor burden) or stabilisation? Other options?

• Regarding the tumor slope: which effect of targeted therapies
for fast progression?

• Duration of treatments: patients usualy prefer short-term (CT) 
vs long-term treatments (targeted therapies)

• We have to avoid late toxicities, which could contra-indicate
other treatment

• Can we predict response to chemotherapy or to others treatments?



Risks of long term toxicities

Type of treatment (tt) Type of toxicity Risks of no further

treatment

Chemotherapy Renal: STZ?

Cardiac: Doxo

+/-

Targeted therapies

(Everolimus, Sunitinib)

Renal: evero? suni?

Cardiac: sunitinib

+/-

Somatostatin analogs No No

=> Interest of maintenance treatment (as somatostatin analogs) 
when stablization is obtained?



IIA- Metastatic pancreatic NET G1-G2
Efficacy of:

• Chemotherapy?
• Targeted therapies?
• Somatostatin analogs?



Efficacy in pancreatic NET

Type of treatment (tt) Rate of OR Median PFS (months) Comments

Chemotherapy 35-40% 16-24 months L1++

Everolimus
Sunitinib

<10% ~ 11 months L2 in 50%
L2 in 69%

Somatostatin analogs <5% >24 months (Not reach in 
Clarinet study)

L1, but 96% of SD at
study entrance

Pavel, NeuroEndoc 2016

• No comparative study
• Very different populations



Phase III studies n HR of PFS
(95% IC)

Comments

Moertel NEJM 1980 84 STZ-5FU vs STZ OR 63% vs 36% ?

Moertel NEJM 1992 69 STZ-Doxo vs STZ-5FU OR 69% vs 45% ?

Clarinet
Caplin, NEJM 2014

91 Lanreo vs placebo 0.58 (0.32-1.04)

Radiant-3
Yao, NEJM 2011

410 Everolimus vs 
placebo

50% after chemo. 0.35 (0.27-0.45) 11 months
4.6 months

Raymond, NEJM 
2011

171 Sunitinib vs 
placebo

1/3 after chemo. 0.42 (0.26-0.66) 11.4 months
5.5 months

Efficacy in pancreatic NET (phase III studies)

• Targeted therapies data are statistically more robust, but none of them has 
been tested against chemotherapy

• ENETS guidelines recommend first-line chemotherapy for advanced p-NET



SSA in pancreatic NET (CLARINET study)
Active but with a less favorable HR than for midgut

L1: Watch and Wait

or SSA 

P-NET G1 (G2<5-10%),

Low tumor burden,

SD or initial diagnosis, 

No symptoms

CLARINET: Caplin, N Engl J Med 2014

And in patients with very good prognostic factors:
• 96% Stable disease at study entrance
• Positive Octreoscan® or PET DOTATOC
• Low Ki67 index (<10%)

15% of patients with metastatic P-NET
Foulfoin, End Rel Cancer, 2017



SSA as a maintenance treatment?

m-P-NET 

G1-G2

L1: Watch and Wait

or SSA 

G1 (G2<10%)

Low tumor burden

SD or initial diagnosis

No symptoms

L1: STZ-based

(or Tem-Cap)

or Oxalip-based?

Ki67>10%

or high tumor burden

or PD or symptoms

ENETS guidelines Foulfoin, End Rel Canc 2017

70%

15%

REMINET- PHASE II-III study

Pancreatic NET, First-line treatment
• Chemotherapy (3-6 months)
• Everolimus or sunitinib (4-6 months)

2nde line treatment

at progression

Placebo

/ 4 sem

Lanreotide

120 mg/ 4 sem

R



Chemotherapy in pancreatic NET

m-P-NET 

G1-G2

L1: STZ-based

(or Tem-Cap)

or Oxalip-based?

Ki67>10%

or high tumor burden

or PD or symptoms

Yes, but which chemotherapy?



Best chemotherapy in pancreatic NET?
Streptozotocin-based chemotherapy: the most robust data

Krug Digestion 2017



Best chemotherapy in pancreatic NET?

Oral or intravenous chemotherapy?
L1: STZ-based

(or Tem-Cap)

or Oxalip-based?

Streptozotocin-based Temozolomide-based

Proof of evidence Old Phase II-III no phase III, most are retrospective

Objective response 28-43% 8-70%

Median PFS 16-23 months 14-18 month

Median Overall survival 28-55 months 35-73 months

Reference Treatment regimen n Objective response (%)

Ekeblad, Clin Cancer Res 2007 Temozolomide (Tem) 12 8%

Strosberg, Cancer 2011 Tem- Capecitabine 30 70% (L1, 66 % PD)

Kulke et al, Clin Cancer Res 2009 Tem (various) 53 34%

Cives, End Rel Canc 2016 Tem- Capecitabine 143 54%



BETTER-2 study
(PI: M Ducreux)

Progressive 
pancreatic NET

Temozolomide
+ capecitabine

LV5FU2 +
streptozocine

Placebo

Bevacizumab

R

Best chemotherapy in pancreatic NET?
L1: STZ-based

(or Tem-Cap)

or Oxalip-based?

n Odds ratio [95%CI] p

Somatostatin analogs 44 1 -

Oral chemotherapy 21 1.75 [0.60 – 5.08] 0.306

Intravenous chemotherapy 30 4.89 [2.23 – 10.72] < 0.001

Poorer perceived tolerance with intravenous versus oral chemo (SSA as reference)

Personal data, in revision

Oral or intravenous chemotherapy?



Aims and types of treatments in NETs?

• Objective response (secondary resection, symptomatic patient 
due to tumor burden) or stabilisation? Other options?

• Regarding the tumor slope: which effect of targeted therapies
for fast progression?

• Duration of treatment: patients usualy prefer short-term (Chemo.) 
vs long-term treatment (targeted therapy)

• We have to avoid late toxicities, which could contra-indicate
other treatment

• Can we predict response to chemotherapy or to others treatments?



Pancreatic NET: 
from a non personalized treatment

1990 : 

One disease => one treatment

(Streptozotocin-based chemotherapy)



Somatostatin analogs

Everolimus, sunitinib

PRRT?

Cytotoxic chemotherapies
P

ro
gn

o
st

ic
fa
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o

rs

• Many treatments without comparison between them
• The choice of treatment is done on prognostic factors: Ki67/grading, 

tumor burden, uptake on SRS…

To a personalized treatment



Somatostatin analogs

Everolimus, sunitinib

PRRT?

Cytotoxic chemotherapies
P

ro
gn

o
st

ic
fa

ct
o

rs

• Prognostic factors
• Need of predictive factor of response: 

- Chemo and MGMT? DAXX/ATRX?
- other?

To a personalized treatment

P
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d
ic
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ve
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r 

o
f 
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o
n

se

Unmet need:
Validated predictive

markers 



MGMT: candidate markers of response
to temozolomide and other alkylating agents

• Rationale
• O6-methylguanine-DNA-methyltransferase drives 

the repair of DNA lesions due to alkylating agents
• Expression of MGMT might be low or absent in 

tumor cells
• MGMT deficiency is usually due to gene promoter

hypermethylation

• Hypothesis
• MGMT deficiency might be predictive of response

to temozolomide

• Various technical approaches
• Immunohistochemistry

• Various antibodies

• Data interpretation and expression

• Methylation gene promoter analysis
• MS-PCR

• Pyrosequencing

• Others …

• mRNA quantification 

Arbitrary cut-offs



Candidate markers of response to temozolomide
and other alkylating agents

N/
N treated

IHC Promoter
methylation

Prognostic
value

Predictive
value

Ekeblad et al.
Clin Cancer Res, 2007;15:2986 36/36 + - NA No

Kulke et al. 
Clin Cancer Res, 2009;15:338 97/21 + - Yes Yes

Schmitt et al. 
Neuroendocrinology, 2014;100:35 141/10 + + Yes Yes

Yang et al. 
Int J Clin Exp Pathol; 2014;7:4204 22/0 + - No NA

Walter et al. 
Br J Cancer, 2015;112:523 107/53 + + No Yes

Dussol et al. 
Cancer, 2015;121:342 104/63 + + NA Yes

Cros et al.
ERC, 2016;23:625 43/43 + + Yes Yes

Cives et al.
ERC, 2016;23:759

65/65
(CAPTEM) + - NA No



E2211:

Temozolomide 200 
mg/m2/day, 

d1-5, 28 day cycle; N=69

Capecitabine 750 mg/m2 BID d1-14
Temozolomide 200 mg/m2, d 10-14

28 days cycle; N=69

Primary Endpoint: PFS
Advanced pancreatic NET; 
prior treatments allowed 
(no prior temozolomide)

Correlates: MGMT IHC, promoter methylation

R

Best chemotherapy in pancreatic NET?

PI: Pam Kunz, Activated



Best chemotherapy in pancreatic NET?

Oxaliplatin-based chemotherapy?
L1: STZ-based

(or Tem-Cap)

or Oxalip-based?

Reference Treatment regimen n Objective response Median PFS
Dussol, Cancer 2017, 

Retrospective- various NET

Gemox 104 23% 7.8 months

Spada, NeuroE 2015, 

Retrospective- various NET

Various oxaliplatin-

based (folfox, xelox)
78 26% 8 months

Bajeta, Can chem pha 2007

Phase II- various NET

Xelox 40 27% 18 months

Kunz ASCO 2010

Phase II

Xelox-Beva 40 23% 13.7 months



Best chemotherapy in pancreatic NET?
L1: STZ-based

(or Tem-Cap)

or Oxalip-based?

“GEMOX is effective against NETs and it is not influenced by the MGMT status. 
Our data suggest that GEMOX might be preferred for patients with unmethylated MGMT tumors.”

Dussol, Cancer 2016

Reference Treatment regimen n Objective response Median PFS
Dussol, Cancer 2017, 

Retrospective- various NET

Gemox 104 23% 7.8 months
Alky-based 63 22% 7.5 months

Spada, NeuroE 2015, 

Retrospective- various NET

Various oxaliplatin-

based (folfox, xelox)
78 26% 8 months

Bajeta, Can chem pha 2007

Phase II- various NET

Xelox 40 27% 18 months

Kunz ASCO 2010

Phase II

Xelox-Beva 40 23% 13.7 months

Oxaliplatin-based chemotherapy?



Phase II study: MGMT-NET

- Advanced pancreatic and lung NET, 
with an indication of chemotherapy
- Assessment of MGMT methylation

Unmethylated MGMT Methylated MGMT

ALK-based

chemotherapy
Oxaliplatin-based

chemotherapy

ALK-based

chemotherapy
Oxaliplatin-based

chemotherapy

R 1:1 R 2:1

Primary end point: OR at 3 months

between uM vs M MGMT in ALK group

Secondary endpoints:

OR  between ALK- vs Ox-based

PFS, OG

Toxicity

n = 99 patients 

Best chemotherapy in pancreatic NET?

PI: T Walter 

(activated in January 2018)



Phase III study, SEQTOR ENETS

Primary end point: progression-free survival after both lines

180 patients

Progressive 
pancreatic NET 

Everolimus

Fluorouracile +
Streptozocine

Fluorouracle +
Streptozocine

Everolimus

R

Best strategy in pancreatic NET?

Chemotherapy vs targeted therapy in first –line?



ENETS guidelines

Adapted from Pavel, NeuroEndoc 2016

IIA- Conclusion for pancreatic NET G1-G2

• Chemotherapy: almost always
• Targeted therapies: always at least in L2
• Somatostatin analogs: - few patients in L1 (CLARINET)

- in maintenance? (REMINET)

m-P-NET 

G1-G2

L1: Watch and Wait

or SSA 

(or secondary to 

W&W)

G1 (G2<5-10%)

Low tumor burden

SD or initial diagnosis

No symptoms

L2: everolimus

or sunitinib

L1: STZ-based

(or Tem-Cap)

or Oxalip-based?

L3: PRRT if SSTR+

or Clinical trial

or second CT

L2: eve or suniti.

or TAE/TACE/SIRT

or chemotherapy

Ki67>5-10%

or high tumor burden

or PD or symptoms

or bone metastasis? SSA? 



IIB- Metastatic midgut (GI-NET) G1-G2

• Chemotherapy ? 
• Targeted therapies ?
• Somatostatin analogs ?

Type of treatment (tt) Rate of OR

Chemotherapy < 10%

Everolimus < 5%

Somatostatin analogs < 5%

PRRT (Luthatera®) 18%



Phase III studies n Patients HR of PFS

(95% IC)

Comments

Promid 85 Oct vs placebo All midgut 0.34 (0.20-0.59)

Clarinet 204 Lanreo vs placebo 73 midgut

14 hindgut

0.47 (0.30-0.73) HR midgut=0.35 (0.16-0.8)

HR hindgut=1.47

FNCLCC-

FFCD9710

64 IFN vs 5FU-strepto 40 midgut, 2 hindgut 0.75 (0.41-1.36) 5.5 mo with chemotherapy

14.1 mo with IFN (PFS)

Radiant-2 429 Eve-oct vs 

Eve-placebo

224 small bowel, 

28 colon

0.77 (0.59-1.00) HR grêle=0.77

HR colon=0.39

Radiant-4 302 Evero vs placebo 22 jejunum, 71 

ileum, 13 colon, 40 

rectum 

0.48 (0.35-0.67) HR ileum=1.22

HR non ileum=0.34

SWOG S0518 427 IFN+Oct vs Béva+Oct 143 midgut 0.93 (0.73-1.18) IFN ~ Bevacizumab

Netter-1 229 Lutathera vs Oct

(60mg)

All midgut 0.21 (0.13-0.34)

Efficacy in midgut NET (phase III studies)



Chemotherapy in midgut NET?

Lamarca, Cancer Treatment Reviews 2016

OR (%)

25-33%

0-20%

0%

5%

-



BETTER study, phase II, n=49
Good methodology: homogeneous and well-defined population; 

PFS as primary end point

Metastatic gastrointestinal NET,
Progressive at study entry,

Ki67 < 15%
No previous cytotoxic chemotherapy

• Objective response: 6/49 (12%)
• PFS: 25.2 months (95% CI, 24.3- not reached)
• Overall survival at 24 months of 85% (median not reached)

Mitry, Eur J Cancer 2014

The largest phase II study
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5FU_STZ  Interferon

Kaplan-Meier survival estimates, by traitement

Chemotherapy Interferon

Objective response (%) 0 (0%) 2 (6%)

Median PFS 5.5 months 14.1 months

Median OS 20.4 months 44.0 months

FNCLCC - FFCD 9710: n=64 progressive gastrointestinal « carcinoid » tumors

Treated by FU- Streptozocin vs Interferon

The only phase III study

Dahan, End Rel Cancer 2009

Progression-free survival
according to treatment arm



Chemotherapy in midgut NET?

• Lack of quality evidence favouring the use of chemotherapy in unselected
patients with non-pNETs

• Problably active in selected patients with « aggressive » disease: 
- progressive grade 2 NET
- without uptake on SRS
- often without carcinoid syndrome
- jejunum/hindgut NET > midgut NET



Objective response ≈ 5 %

Midgut functional
(Radiant 2)

Pavel, Lancet 2011

SSA + Everolimus

SSA + Placebo

Su
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Temps (années)

Everolimus in functional midgut NET



Yao, Lancet 2016

Walter, Lancet 2016 and Lancet Oncol 2017

=> We have to select patients for everolimus

(with progressive disease)

Radiant-4, phase III study

Everolimus vs placebo

But among « gastro-intestinal » NET:

- Ileum, n=71, HR=1.34

- Jejunum, n=22, HR=0.38

- Rectum, n=40, HR=0.17

Everolimus in non functional midgut NET?



IIB- Conclusion for midgut (GI-NET) G1-G2

• Chemotherapy: in very selected patients (options)
• Targeted therapies: everolimus for progressive disease
• Somatostatin analogs: Always

=> and PRRT +++
ENETS guidelines

m-midgut

NET G1-G2

L1: Watch and WaitG1 (G2<5-10%)

Low tumor burden

SD or initial diagnosis

No symptoms

Ki67>5-10%

or high tumor burden

or PD or symptoms

or bone metastasis?
+

L1: SSA 

- (or fast

PD)

PRRT or 

TAE/TACE/SIRT

or Everolimus

Chemotherapy?

IFN-alpha 2b

SSTR?

or chemotherapy?

Everolimus

or TAE/TACE/SIRT or IFN

or PD



Adapted from Pavel, NeuroEndoc 2016

NEC G3

NET G3

NET G1-G2

L1: Cisplatin

(or carboplatin)-

etoposide

L2: Folfiri or Folfox

or Tem-Cap

or Clinical trial

L1: STZ-5FU 

or Tem-Cap

or Oxalip-based?

L2: Folfiri or Folfox

or Clinical trial

or as NET-G2?

Everolimus ?

Sunitinib ?

Anti-PD1 ?

Everolimus ?

Sunitinib ?

L1: Watch and Wait

or SSA 

(or secondary to 

W&W)

G1 (G2<5-10%)

Low tumor burden

SD or initial diagnosis

No symptoms

L2: everolimus

or sunitinib

Midgut (L2)

Pancreas

Ki67>5-10%

or high tumor burden

or PD or symptoms

or bone metastasis?

PRRT if SSTR+

TAE/TACE/SIRT

or Everolimus

Chemotherapy

?
IFN-alpha 2b

Midgut

Pancreas

L1: SSA L2 if SSTR-: IFN or

TAE/TACE/SIRT
or chemotherapy?

L1: STZ-based

(or Tem-Cap)

or Oxalip-based?

L3: PRRT if SSTR+

or Clinical trial

or second CT

L2: eve or suniti.

or TAE/TACE/SIRT

or chemotherapy

SSA? 

Conclusions: objectives- patients



What is a progressive disease in midgut NET?

- 30 %

RECIST criteria (CT scan or MRI)

Progressive (PD) > + 20% or new lesion

Stable (SD) between -30% and +20%

Response (OR) At least  - 30%

Stable in 1 year
Progressif in 1 year

Time in 

months

RECIST criteria



What is a progressive disease in midgut NET?

- 30 %

Progressive disease at study entrance (RECIST)

Radiant-2 and -3 PD within 12 months

Netter-1 PD within 36 months

Radiant-4 PD within ????? months

Stable in 1 year
Progressif in 1 year

Time in 

months

RECIST criteria

Rectal or lung NET Midgut NET


