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No validate predictive biomarker for sunitinib and everolimus so far 

Martins et al., Targeted Oncol 2017 
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Abstract Neuroendocrine tumors (NETs) represent a large

and heterogeneous group of malignancies with various bio-

logical and clinical characteristics, depending on the site of

origin and the grade of tumor proliferation. In NETs, as in

other cancer types, molecularly targeted therapies have radi-

cally changed the therapeutic landscape. Recently two

targeted agents, the mammalian target of rapamycin inhibitor

everolimus and the tyrosine kinase inhibitor sunitinib, have

both demonstrated significantly prolonged progression free

survival in patients with advanced pancreatic NETs. Despite

these important therapeutic developments, there are still sig-

nificant limitationsto theuseof theseagentsdueto thelack of

accuratebiomarkers for predicting tumor responseand effica-

cy of therapy. In this review, we provide an overview of the

current clinical data for theevaluation of predictive factorsof

response to/efficacy of everolimus and sunitinib in advanced

pancreatic NETs. Surrogate indicators discussed include cir-

culating and tissue markers, as well as non-invasive imaging

techniques.

Key Points

Everolimus and sunitinib are widely investigated 

targeted cancer therapies, and they are both globally

approved by regulatory authorities for the treatment of 

pancreatic NETs.

The establishment of predictive markers of response to

everolimus and sunitinib in NETs is of extreme importance

for their efficient use.

Most efforts to define predictive biomarkers have failed, 

with the exception of chromogranin-A and neuron-specific

enolase for advanced pancreatic NETs treated with 

everolimus.

1 Introduction

Neuroendocrine tumors (NETs) comprise a heterogeneous

group of malignanciesoriginating from the diffuseendocrine

system. Even though NETsareconsidered a raremalignancy,

representing about two new cases per 100.000 persons per

year, their incidenceand prevalenceseem to berising steadily

[1]. Someof thepossible reasons for the increasing incidence
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20062014: 4453 resected CRC (32 NECs)  

BRAF mutations were identified in 59% of NECs and in only 5% of poorly 

differentiated conventional adenocarcinoma  

(15/17 V600E) 

Olevian et al.,  Hum Pathol 2016 



A dramatic tumor response to BRAF-MEK inhibitors has been 

reported in two cases of high grade B-RAF mutated rectal NEC 

refractory to standard chemotherapy. 

Klempner et al. Cancer Discov 2016 

B-RAF mutation = 9% of 108 colorectal NEC cases (80% V600E) 





In NEN 

More prognostic than predictive biomarkers 



NGS in panNET 

80 pts, 96 tumor samples 

All pts metastatic and pre-treated 

Somatic alterations in 95 % of cases 

Most common alterated genes (MSK-IMPACT 486 genes): 

• MEN-1 56 % 

• DAXX 40 % 

• ATRX  25 % 

• TSC-2 25% 

Raj N et al., JCO Precision Oncology 2018  



Low grade   ATRX  (13%)   

     MEN1  (10%) 

 

 High grade  TP53  (51%) 

     KRAS   (30%) 

     RB1  (11%) 

Methods: NGS (MiSeq on 47 genes, NextSeq on 592 genes), IHC and ISH 

ASCO 2018 Poster session: Puccini et al.  

Comprehensive genomic profiling of 724 GEP-NETs 

In HG  higher TML, B-RAFm, KRASm, PIK3CAm  

Low grade   TML  (1%)  

     MSI   (0%)  

     PD-L1  (1%) 

 

 High grade  TML  (7%) 

     MSI   (4%) 

     PD-L1  (6%) 

       



 

• What predictive factors ? 

• What clinical setting ? 

• What combinations ? 

Immune checkpoint inhibitor therapy in NETs:  

Debated points 
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Yarchoan et al.,  NEJM Dec 2017 

Cor r espon den ce
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Cor r espon den ce

Tumor Mutational Burden and Response Rate to PD-1 Inhibition

To the Editor: Inhibitors of programmed death 1 

(PD-1) protein or its ligand (PD-L1) have shown 

remarkable clinical benefit in many cancers.1 

One emerging biomarker of response to anti–

PD-1 therapy is the tumor mutational burden 

(i.e., the total number of mutations per coding 

area of a tumor genome). This finding is sup-

ported by the clinical activity of anti–PD-1 therapy 

in colorectal cancer with mismatch repair defi-

ciency, a tumor subtype with a high tumor mu-

tational burden, as compared with the colorectal 

cancer subtype with mismatch repair proficiency, 

which has a significantly lower tumor mutational 

burden and a poor response to these agents.2,3

To evaluate the relationship between the tumor 

mutational burden and the objective response 

rate, we plotted the objective response rate for 

anti–PD-1 or anti–PD-L1 therapy against the cor-

responding median tumor mutational burden 

across multiple cancer types (Fig. 1). Through an 

extensive literature search, we identified 27 tumor 

types or subtypes for which data regarding the 

objective response rate are available. For each tu-

mor type, we pooled the response data from the 

largest published studies that evaluated the ob-

jective response rate. We included only studies 

of anti–PD-1 or anti–PD-L1 monotherapy that en-

rolled at least 10 patients who were not selected 

for PD-L1 tumor expression. (Details about the 

methods are provided in the Supplementary Ap-

pendix, available with the full text of this letter 

at NEJM.org.) The median tumor mutational bur-

den for each tumor type was obtained from a 

validated comprehensive genomic profiling assay 

performed and provided by Foundation Medicine.4

We observed a significant correlation be-

tween the tumor mutational burden and the 

objective response rate (P<0.001). The correla-

tion coefficient of 0.74 suggests that 55% of the 

differences in the objective response rate across 

cancer types may be explained by the tumor 

mutational burden. Some cancer subtypes have 

a response to therapy that is better than would 

be predicted by the tumor mutational burden 

(e.g., Merkel-cell carcinoma), and some have a 

response that is worse than would be predicted 

(e.g., colorectal cancer with mismatch repair 

proficiency). The higher-than-anticipated objective 

response rates for Merkel-cell carcinoma and 

some other cancers that have been associated 

with viruses suggest that the presentation of vi-

ral antigens on certain tumor types may confer 

an increased response rate to anti–PD-1 therapy.5

Our linear correlation formula — objective 

response rate = 10.8 × log(X) − 0.7, where “X” is the 

number of coding somatic mutations per mega-

base of DNA — can be used to make hypotheses 

with respect to the objective response rate in 

tumor types for which anti–PD-1 therapy has not 

been explored. For example, we anticipate a clini-

cally meaningful objective response rate of 40.1% 

(95% confidence interval [CI], 31.2 to 50.6) for 

basal-cell carcinoma of the skin and of 20.6% 

(95% CI, 16.7 to 24.5) for sarcomatoid carcino-

ma of the lung on the basis of a median tumor 

mutational burden of 47.3 and 7.2, respectively.4 
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Immune checkpoint inhibitors predictive factor: 

Mutational burden or Immunogenicity ? 

“………..mutational burden increases the likelihood that a tumour is 

immunogenic, but that it may not be an absolute requirement for 

checkpoint blockade response.” 

Cogdill et al., Br J Cancer 2017 



Tumor response better than predicted by the TMB 

   Merkel Cell Carcinoma 

Tumor response worse than predicted by the TMB 

  MSI-H Colorectal carcinoma 



Message  PD-L1 expression was 

associated with high grade 

 

 

 

 

Limitations : 

• Low number 

• Mixed population 

• Method 



• 30% of WD small bowel NET expressed PD-L1 within tumor cells and/or TILs. 

• No PD-L2 IHC expression 

• TILs were in a significat amount within WD small bowel NET 

• RT-PCR confirmed the IHC results 

Lamarca A. et al., Oncotarget Feb  2018 

PD-1, PD-L1, PD-L2, TILs: which is the right predictive biomarker? 

62 Well differentiated small bowel NETs 

63 PD-1, PD-L1, PD-L2 and TILs  

Small bowel NET can be target for immune checkpoint inhibitor  

therapy other than panNET and NEC 



Kulke M.,  

Neuroendocrine Tumors: Immune environment and tumor heterogeneity 

ENETS 2017 



Expression of Other Key Immune Genes

3  2  1  0 -1 -2 -3

CD8B, FOXP3 and LAG3 
more highly expressed 
in MLP subtype

More heterogeneous 
expression of PD-L1, 

PD-L2 and PD-1

Young, Ragulan and Sadanandam, unpublished data

Young K, ESMO 2017 



Young K, ESMO 2017 

MLP subtype = immune high phenotype 

Immune genes enriched in MLP subtype

40% immune genes 
differentially expressed 
in MLP and 
Intermediate subtypes

All had a higher 
expression in MLP and 
a lower expression in 
Intermediate Subtype

IntermediateInsulinomaMLP N

3  2  1  0 -1 -2 -3

Young, Ragulan and Sadanandam, unpublished data



 

• What predictive factors ? 

• What clinical setting ? 

• What combinations ? 

Immune checkpoint inhibitor therapy in NETs:  

Debated points 
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Pembrolizumab for Patients With 
PD-L1–Positive Advanced Carcinoid or 
Pancreatic Neuroendocrine Tumors: 
Results From the KEYNOTE-028 Study
Janice M. Mehnert,1 Emily Bergsland,2 Bert H. O’Neil,3 Armando Santoro,4 Jan H. M. Schellens,5 Roger B. Cohen,6

Toshihiko Doi,7 Patrick A. Ott,8 Michael J. Pishvaian,9 Igor Puzanov,10 Kyaw L. Aung,11 Chiun Hsu,12

Christophe Le Tourneau,13 Jean-Charles Soria,14 Elena Élez,15 Kenji Tamura,16 Marlena Gould,17 Guoqing Zhao,17

Karen Stein,17 Sarina A. Piha-Paul18

1Rutgers Cancer Institute of New Jersey, New Brunswick, NJ, USA; 2University of California San Francisco, San Francisco, CA, USA; 3Indiana University, 

Simon Cancer Center, Indianapolis, IN, USA; 4Humanitas Research Hospital-Humanitas Cancer Center, Rozzano-Milano, Italy; 5Netherlands Cancer

Institute, Amsterdam, Netherlands; 6University of Pennsylvania, Philadelphia, PA, USA; 7National Cancer Center Hospital East, Chiba, Japan; 8Dana-

Farber Cancer Institute, Boston, MA, USA; 9Lombardi Comprehensive Cancer Center, Georgetown University, Washington, DC, USA; 10Roswell Park 

Cancer Institute, Buffalo, NY, USA; 11Princess Margaret Cancer Centre, Toronto, ON, Canada; 12National Taiwan University Hospital, Taipei, Taiwan; 
13Institut Curie, Paris, France; 14Institut Gustave Roussy Cancer Center, Villejuif, France; 15Vall d'Hebron University Hospital and Vall d'Hebron Institute of 

Oncology (VHIO), Barcelona, Spain; 16National Cancer Center Hospital, Tokyo, Japan; 17Merck and Co., Inc., Kenilworth, NJ, USA; 18The University of 

Texas MD Anderson Cancer Center, Houston, TX, USA

*Response assessment: Every 8 weeks for first 6 months; every 12 weeks thereafter

Primary endpoints: ORR per RECIST v1.1 (investigator review)

Secondary endpoints: PFS, OS, duration of response, and safety

KEYNOTE-028 (NCT02054806): Phase 1b Multicohort Study 
of Pembrolizumab for PD-L1+ Advanced Solid Tumors

Response

Assessment*

Pembrolizumab 

10 mg/kg IV 

Q2W

CR, PR, or SD

Treat for 24 months 

or until 

progressionb or 

intolerable toxicity

Confirmed PDb or 

unacceptable 

toxicity

Discontinue 

pembrolizumab

Patients

• Carcinoid tumors or 

well or moderately 

differentiated pNETs

• Failure of or inability to 

receive standard 

therapy

• ECOG PS 0 or 1

• ≥1 measurable lesion

• PD-L1 positivitya

• No autoimmune 

disease or interstitial 

lung disease

aAt least 1% modified proportion score or interface pattern (QualTek IHC using  22C3 antibody clone).
bIf SD or better when pembrolizumab discontinued and subsequently have PD, patients may be eligible to resume pembrolizumab for ≥1 year.
cIf clinically stable, patients are to remain on pembrolizumab until progressive disease is confirmed on a second scan performed ≥4 weeks later. 

Mehnert J, ESMO 2017 

Well differentiated PD-L1+ NETs 
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T im e , m o n th s

Treatment Exposure and Response Duration
(RECIST v1.1, Investigator Review)

Carcinoid pNET

Bar length is equivalent to the time to the last imaging assessment. 
Data cutoff date: February 20, 2017.

Median (range)

(n=3)

Time to 

response

1.9 mo

(1.5–1.9)

Duration of 

response

9.2 mo

(6.9–11.1)

Time, mo

(n = 1)

Time to 

response

1.8 mo

Duration of 

response

20.3 mo

(ongoing)

Partial response
Progressive disease

Partial response
Progressive disease

Ongoing response

• Early TTR 

• Good duration of response especially in pNET 

Mehnert J, ESMO 2017 



• Median follow-up: 20.2 months 
(range, 2.0–34.7)

Occurring in ≥10% Patients n (%)

Any 17 (68)

Diarrhea 7 (28)

Fatigue 6 (24)

Hypothyroidism 4 (16)

Pyrexia 3 (12)

Weight decreased 3 (12)

Decreased appetite 3 (12)

AST increase 3 (12)

ALT increase 3 (12)

Grade 3 n (%)

Any 8 (32)

Diarrhea 3 (12)

ALT increase 2 (8)

AST increase 2 (8)

Feces discolored 1 (4)

Fatigue 1 (4)

Decreased appetite 1 (4)

Hyperglycemia 1 (4)

Hypovolemia 1 (4)

Arthralgia 1 (4)

Dyspnea 1 (4)

Pneumonitis 1 (4)

Dermatitis 1 (4)

ALT, alanine aminotransferase; AST, aspartate aminotransferase.
Data cutoff date: February 20, 2017.

Treatment-Related AEs: Carcinoid

• No grade 4 or 5 events occurred

Mehnert J, ESMO 2017 

Toxicity comparable with what already known 



PD-L1 negative but positive for PD-L1 amplification and tumor 

mutation burden high (24.76 mutations/megabases) 

Case report   significant and durable response 

with pembrolizumab 



Preliminary studies suggest immune checkpoint inhibitor 

therapy has activity in SCLC 

 

 
 

• Keynote 028 (Pembrolizumab), Ott et al., JCO 2017 

 

• Checkmate 032 (Nivolumab, Ipilimumab), Antonia et al. Lancet 

Oncol 2016 

 



Hidalgo, Discussant ASCO 2016 

ASCO Annual Meeting 2016 

SCLC is different from extra-lung SCC 



ASCO 2018 Poster session: Vijayvergia et al.  

Pembrolizumab monotherapy in patients with previously 

treated metastatic high grade neuroendocrine neoplasms 



ASCO 2018 Poster session: Hooker et al.  

A pilot study of pembrolizumab-based therapy in previosly treated 

extrapulmonary poorly differentiated neuroendocrine carcinoma 



PDR001 in GEP and Lung NET/NEC 

Phase II multi-cohort international study 

PDR001 binds to PD-1 so 

blocking both PD-L1 and PD-L2 

 Well differentiated: 

 GI cohort (n=30) 

 Pancreatic cohort (n=30) 

 Thoracic cohort (n=30) 

 Poorly differentiated: 

 GEP cohort (n=20) 



A multicohort phase II study of durvalumab plus tremelimumab for 

the treatment of patients (PTS) with advanced neuroendocrine 

neoplasms (NENs) of gastroenteropancreatic (GEP) or lung origin 

 (the DUNE trial-GETNE1601-). 

Durvalumab 
(anti-PD-L1) 

Tremelimumab 
(anti-CTLA-4) 

Single-arm Phase II 

126 pts 

 Well differentiated: 

 GI cohort (n=30) 

 Pancreatic cohort (n=30) 

 Thoracic cohort (n=30) 

 Poorly differentiated: 

 GEP cohort (n=20) 



Merkel Cell Carcinoma 



ASCO 2018 Second-line Avelumab in MCC: an update 

Nghiem P 





ASCO 2018 Nivolumab as neoadjuvant therapy in MCC 

Topalian S  





 

• What predictive factors ? 

• What clinical setting ? 

• What combinations ? 
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Germano G et al., Nature Dec 2017 

Acquired resistance to Temozolomide in CRC 

 

 Increased tumor mutational burden 

 

 Improved immunosurveillance 

MSH-6: normal pre-TMZ, mutated post-TMZ 

This is a “proof of concept that it is possible to inactivate DNA 

repair in vivo to improve immune surveillance and responses to 

immune-checkpoint blockade.” 



43 

Temozolomide in Advanced Neuroendocrine 

Neoplasms: Pharmacological and Clinical Aspects 

 
Koumarianou A, Kaltsas G, Kulke MH, Oberg J, Strosberg J, Spada F, Galdy S, Barberis 

M, Fumagalli C, Berruti A, and Fazio N 

 
Neuroendocrinology, June 2015 



L. Tentori, G. Graziani / Pharmacological Research 52 (2005) 25–33 27

Fig. 1. Molecular mechanisms underlying cytotoxicity induced by wide spectrum or N3-adenine selective methylating compounds, as single agents or combined

with PARP inhibitors. Left panel: Temozolomode (TMZ) generates a variety of DNA adducts such as O6-methylguanine (O6-MeG) which is repaired by high

levels of O6-alkylguanine DNA alkyltransferase (AGT) and N7-methylguanine (N7-MeG) or N3-methyladenine (N3-MeA) which are both removed by base

excision repair (BER). In AGT-deficient cells, unrepaired O6-MeG triggers apoptosis as long as the Mismatch Repair (MR) system is functional. Inhibition of

PARP avoids recruitments of BER components involved in the repair process of N-methylpurines; this results in generation of strand breaks and induction of

apoptosis. Right panel: The selective N3-A methylating agent Me-Lex provokes PARP activation and ultimately leads to necrosis; addition of PARP inhibitor

switches the modality of cell death from necrosis to apoptosis (see text for further details).

Treatment of tumor cells with different PARP inhibitors

before exposure to TMZ results in increased DNA strand

breaks, apoptosis and growth inhibition. These effects are de-

tected either in AGT-proficient or MR-deficient tumor cells

and are specifically observed with methylating agents, since

the association of PARP inhibitor with carmustine, a bifunc-

tional chloroethylating agent, does not substantially affect

cytotoxicity [17–20]. The enhanced cytotoxicity of TMZ af-

forded by inhibition of PARP activity is observed also in

tumor cells with mutated p53 and is further amplified by

over-expression of wild-type p53 through the use of aden-

oviral infection [21,22]. Moreover, it should be emphasized

that the killing effect, deriving from interruption of BER-

mediated repair process of N-methylpurines, is already evi-

dent during the first round of cell division and occurs even

in the absence of DNA synthesis [22]. In contrast, cytotoxic-

ity deriving from the processing of O6-methylguanine takes

place only during the second cycle of DNA replication, that

follows adduct generation [11]. Therefore, the presence of a

non-proliferating compartment in the tumor mass may limit

the efficacy of TMZ monotherapy even in the case of ma-

lignancies with functional MR and low AGT-activity. Con-

versely, PARP inhibitor and TMZ can be successfully used

also in the case of slowly proliferating tumors, which are often

poorly responsive to chemotherapy. A confirm to this find-

ing comes from our recent observation showing that PARP

inhibitor and TMZ combination is active against tumors with

reduced growth rate due to telomerase suppression [23].

The ability of PARP inhibitor to increase TMZ antiprolif-

erative and/or apopototic activity has been demonstrated in

a number of experimental models, including solid tumors of

different tissue origin (e.g., glioma, melanoma, colorectal and

breast cancer) and haematological malignancies such as lym-

phoid and non-lymphoid leukemias [17–20,24,25]. While in

vitro studies on PARP inhibitors in combination with TMZ

started about 10 years ago, evidence of in vivo efficacy of

this therapeutic approach has been provided only recently.

In fact, preclinical in vivo studies were hindered by the in-

trinsic toxicity of the compounds tested. For example, 3-

aminobenzamide (AB), the PARP inhibitor initially used for

in vivo chemopotentiation studies, caused marked hypother-

mic effects that complicated the interpretation of the results.

However, at non-toxic doses AB did not potentiate the activity

of antitumor drugs [26]. In the last few years, the develop-

ment of more potent and selective inhibitors of PARP, with

improved pharmacokinetics and toxicity profiles, has facili-

tated their evaluation as chemosensitizers in preclinal in vivo

models.

In the first in vivo preclinical study which tested a PARP

inhibitor in combination with TMZ, we demonstrated that

the antitumor activity of the methylating agent against brain

lymphoma is enhanced by intracerebral injection of the

PARP inhibitor NU 1025 [27] (Fig. 2). However, when

NU 1025 is delivered systemically this compound does not

improve the efficacy of TMZ as a consequence of its limited

CNS penetration. Therefore, formulations of PARP inhibitor

that permeate the blood–brain barrier have been evaluated. In

particular, we tested whether systemic administration of GPI

Fig. 2. Different modality of PARP inhibitor administration to enhance the

efficacy of TMZ against primary or secondary brain tumors. For preclinical

in vivo studies aimed at increasing the antitumor actitivity of TMZ against

primary brain tumors or CNS metastases from solid tumors, PARP inhibitors

have been delivered selectively at the tumor site and systemically by intra-

venous or oral administration [27–29].

PARP-I + TMZ 

Inhibition of PARP avoids recruitments of base excision repair (BER) components involved in 

the repair process of N-methylpurines; this results in generation of strand breaks and induction 

of apoptosis 



Veliparib + Temozolomide for Treatment of Recurrent ES-SCLC 

• Double-blind, randomized, placebo-controlled phase II trial 

 

 

 

 

• Primary endpoint: 4-mo PFS 

• Secondary endpoints: ORR (RECIST v1.1), OS, safety/toxicity, 
biomarkers 

Veliparib 40 mg BID Days 1-7 + 

Temozolomide*  

(n = 50) 

Placebo +  

Temozolomide* 

(n = 50) 

Recurrent SCLC after 1-2 

prior regimens, no 

chemotherapy or RT in 

previous 3 wks, ECOG PS 

0/1 or KPS ≥ 70%; 

asymptomatic brain 

metastases allowed; no 

leptomeningeal disease or 

seizure history 

(N = 100) 

Pietanza MC, et al. ASCO 2016. Abstract 8512. 



CDK 4/6 inhibitors   immune checkpoint inhibitors 



 

  Neuroendocrinology (DOI:10.1159/000463386)  © 2017 S. Karger AG, Basel 22  

 

 
 

Fig. 1. Proposed and simplified mode of action of the CDK4/6 inhibitor LEE011 on 

the cell cycle. a Activated CyclinD-CDK4/6-Rb axis leads to G1/S cell cycle 

progression via the phosphorylation of Rb and subsequent activation of the 

transcription factor E2F. b Blocking the CyclinD-CDK4/6-Rb axis leads to G1 phase 

cell cycle arrest through either the endogenous CDK4/6 inhibitor p16 or the small 

molecule CDK4/6 inhibitor LEE011. 
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CDK 4/6 inhibition in NET:  

preclinical studies with ribociclib and palbociclib 

Prada et al, Neuroendocrinology  2016 

Tang L. et al., Clin Cancer Res 2012 

CDK4/6 controls cell cycle progression 

from G1 to S phase by regulating the 

activity of Rb 



 

  Neuroendocrinology (DOI:10.1159/000463386)  © 2017 S. Karger AG, Basel 23  

 

 

 

Fig. 2. The effect of different concentrations of LEE011 on cell survival of 4 different 

NET cell lines after 144 h of incubation. Human neuroendocrine pancreatic BON1, 

pancreatic islet QGP1, bronchopulmonary H727 and midgut GOT1 cells were 

incubated with LEE011 in a concentration range of 1 nM to 10 μM for 144 h. The 

calculated means and standard deviation of at least three independent experiments 

are shown. Statistically significant differences in the results in comparison to Control 

cells treated with DMSO for 50 nM to 10 μM are represented by p<0.001 = ***. 
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Ribociclib sensitivity was associated with high expression of cyclin-1 and Rb  

Ribociclib/Everolimus or 5-FU combinations were superior to the single-agent therapies, 

by downregulating mTOR and MEK pathways 

Prada et al, Neuroendocrinology  2016 

BON-1 

QGP-1 

H727 

GOT-1 

Ribociclib-based therapy in NET: a preclinical study 
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Overall response rate

N %

Partial response (PR) 0 0

Stable disease (SD) 11 55

Progression disease (PD) 9 45

Clinical benefit rate (PR + SD) 11 55

Stable disease ≥ 3 months 7 35

Stable disease ≥ 6 months 6 30

* 20 patients were evaluable for response; 1 patient lost follow up after cycle 1 day 1

Patient disposition

No. of patients (%)

Patients treated 21

Median number of treatment cycles administered [range] 3 [2–15]

Median follow up time, months [range] 12.3 [7.5-19.3]

Reason “off” study*
Disease progression
Toxicity
Death
Withdrew consent
Other

17 (81)
1 (4.8)
1 (4.8)
0 (0)
1 (5)

*Only 20 patients were followed up for treatment administration; patient #306 was lost to follow up after cycle 1 day 1.

Progression free survival

mPFS: 2.6 months (95% CI 0–14.4)
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A Phase II Study of LEE011 (Ribociclib) in Patients with 

Advanced Neuroendocrine Tumors of Foregut Origin 

(CLEE011 XUS02T) 

US only 



Goel S et al, Nature  2017 

CDK4/6 inhibitors not only induce 

tumour cell cycle arrest, but also 

promote anti-tumour immunity 

 Stimulation of type III IFNs  enhancement of tumor antigen presentation 

 Suppression of T-Reg 



Chen Y-L et al., Cancer Letters 2017  



Small cell lung cancer – ES : Phase I-II clinical trial NCT03325816 

Maintenance setting after first-line chemotherapy 

PRRT 

 (177Lu-DOTATATE) 

Nivolumab 
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