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Circulating tumor cells, DNA and 
microRNAs as prognostic markers for NETs

NEN PROGNOSIS

60-90% in patients with localized NENs following surgery
50-75% in patients with regional lymph node involvement
25–40% of patients with distant metastases

Depends on
• disease extent
• histological grade 
• site of the primary tumor

5-year survival rates 

Modlin  et al. Cancer 2003;97: 934
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PROGNOSTIC MARKERS

Multivariate analysis of factors 
affecting overall survival

Keck et al. Ann Surg Oncol (2017) 24:2206-2212

AGE

Ki-67

grading
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PROGNOSTIC MARKERS

markers of cell proliferation

Ki-67 index and mitotic count 

strong indicator of aggressive phenotype 

HETEROGENEITY

TECHNICAL ISSUES

Ki-67
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PROGNOSTIC MARKERS grading
30% of GEP-NEN patients had M with 
a different grade than their primary

When grade increased, PFS and OS 
significantly decreased. 

Determining the grade in both the primary 
tumor and a metastasis is important for 
estimating prognosis and to help inform 
decisions regarding additional therapies

Keck et al. Ann Surg Oncol (2017) 24:2206-2212
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PROGNOSTIC MARKERS

68Ga-DOTATOC  PET

Chan et al. Critical Reviews in Oncology/Hematology 113 (2017) 268–282 

18F-FDG PET 

Nuclear imaging 
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PROGNOSTIC MARKERS …SHAPE?

Circulating tumor cells, DNA and 
microRNAs as prognostic markers for NETs

Oba et al J Gastroenterol, 2017 DOI 10.1007/s00535-017-1349-7
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PROGNOSTIC MARKERS SHAPE

Oba et al J Gastroenterol, 2017 DOI 10.1007/s00535-017-1349-7
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GENETICSPROGNOSTIC MARKERS

Gene mutations Protein expression

DAXX
ATRX

mainly G2 tumors 
advanced stage

DAXX
ATRX

Jiao et al. 2011 Science 331:1199–1203

Gross et al. 2006  Endocr Relat Cancer 13:535–540.

Marinoni  et al. 2014 Gastroenterology 146: 453-460e5.

deWilde et al. 2012 Mod Pathol 25:1033–1039.

Singhi et al.2017 Clin Cancer Res 23:600–609.
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GENETICSPROGNOSTIC MARKERS

Scarpa et al. 2017 Nature 543: 65 
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GENETICSPROGNOSTIC MARKERS

Scarpa et al. 2017 Nature 543: 65 



Circulating tumor cells, DNA and 
microRNAs as prognostic markers for NETs
Circulating tumor cells, DNA and 
microRNAs as prognostic markers for NETs

CELL-FREE TUMOR DNAPROGNOSTIC MARKERS

potential biomarker

cell-free DNA in blood and serum

Tsang et al. 2007 Pathology 39:197

Valenti et al. 2009 Cancer Lett 273:122

Dalle Carbonare et al. 2011 Urol Oncol

DNA shedding

neoplastic cellsnormal cells
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CELL-FREE TUMOR DNAPROGNOSTIC MARKERS

plasma DNA vs. metastasis biopsies
(34 patients covering 18 different tumor types) 

46 genes and >6800 COSMIC mutations 

97% mutations identified in metastasis biopsies 
were detected in matched ctDNA 
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CELL-FREE TUMOR DNAPROGNOSTIC MARKERS

• potential alternative and/or replacement 
to tissue biopsies 

• irrespective of cancer type and 
metastatic site

• multiplexed mutation detection 
• useful in selecting personalized therapies
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CELL-FREE TUMOR DNAPROGNOSTIC MARKERS

Relative lack of recurrent mutations in NENs as 
compared to other tumors

challenge
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NET TESTPROGNOSTIC MARKERS

Capacity of differentiating 
progressive disease from 
stable disease
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NET TESTPROGNOSTIC MARKERS

test set = 35 SSA-treated GEP-NEN

NETest significantly
increased in the PD (n  10) vs SD (n  25)

C´wikła et al. J Clin Endocrinol Metab 2015, 100:E1437–E1445

Associates with response to 
medical therapy
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NET TESTPROGNOSTIC MARKERS

prospective set = 28 SSA-treated G1–G2 GEP-NENs

C´wikła et al. J Clin Endocrinol Metab 2015, 100:E1437–E1445

elevated NETest (80–100% activity; P .002, 
measured anytime during therapy) predicts
therapeutic responsiveness

Predicts response to medical 
therapy
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NET TESTPROGNOSTIC MARKERS

35 GEP-NET

27 surgery

Modlin et al . Surgery 2016;159:336

8 ablation

15 R0

12 residual Predicts response to surgery
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NET TESTPROGNOSTIC MARKERS

177Lu-based-PRRT (6.5-27.8 GBq)

Bodei et al . Eur J Nucl Med Mol Imaging (2016) 43:839–851

54 NET patients (M: F 37:17)
13 bronchial
35 GEP-NET
6 CUP
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NET TESTPROGNOSTIC MARKERS

Bodei et al . Eur J Nucl Med Mol Imaging (2016) 43:839–851

Predicts response to PRRT
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NET TESTPROGNOSTIC MARKERS

NET gene transcript signature may be useful 
in patients clinical management 
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CIRCULATING TUMOR CELLSPROGNOSTIC MARKERS

blood can be proposed as a surrogate of tissues for 
diagnostic analyses

Liew et al. 2006 J Lab Clin Med 147:126

circulating tumor cells
can be used as sentinels 
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PROGNOSTIC MARKERS CIRCULATING TUMOR CELLS

Khan et al. Clin Cancer Res 2011, 17: 337

CTC  levels  correlate with  
 urinary 5-HIAA  levels
 burden of liver metastases 

but not with 
 Ki-67
 serum CgA

No CTCs

stable disease 
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PROGNOSTIC MARKERS

CTCs seem to be associated 
with progressive disease and 

may provide useful 
prognostic information given 

the variable survival rates 

Khan et al. Clin Cancer Res 2011, 17: 337

CIRCULATING TUMOR CELLS
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PROGNOSTIC MARKERS CIRCULATING TUMOR CELLS

single-center prospective study,  176 patients with metastatic NETs  

Presence of CTCs was associated with 
 increased burden
 increased tumor grade
 elevated serum CgA

Khan et al. J Clin Oncol  2012,31:365-372
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PROGNOSTIC MARKERS CIRCULATING TUMOR CELLS

Khan et al. J Clin Oncol  2012,31:365-372

CTCs correlate with progression-free survival
independently of grade, tumor burden, and CgA
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PROGNOSTIC MARKERS CIRCULATING TUMOR CELLS

Khan et al. Clin Cancer Res 2016; 22(1); 79–85

At diagnosis
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PROGNOSTIC MARKERS CIRCULATING TUMOR CELLS

Khan et al. Clin Cancer Res 2016; 22(1); 79–85

Changes in CTCs at first 
posttreatment time (3 – 5 weeks)
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PROGNOSTIC MARKERS CIRCULATING TUMOR CELLS

Khan et al. Clin Cancer Res 2016; 22(1); 79–85

Changes in CTCs at second 
posttreatment time point (10–15 weeks) 
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PROGNOSTIC MARKERS CIRCULATING TUMOR CELLS

Khan et al. Clin Cancer Res 2016; 22(1); 79–85

OS dependent on changes in CgA at first 
posttreatment time point 
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PROGNOSTIC MARKERS CIRCULATING TUMOR CELLS

Khan et al. Clin Cancer Res 2016; 22(1); 79–85

Changes in CTCs are associated with 
response to treatment and OS in metastatic 
NENs, suggesting CTCs may be useful as 
surrogate markers to direct clinical decision 
making
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PROGNOSTIC MARKERS CIRCULATING TUMOR CELLS

SSTR expression

tracking expression over time 
and during therapy

tumor heterogeneity 

skeletal 
involvement

Rizzo et al. Endocrinol Metab Clin N Am (2018) doi.org/10.1016/j.ecl.2018.04.002
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PROGNOSTIC MARKERS CIRCULATING TUMOR CELLS

Zatelli et al. Endocrine-Relat Can (2017) 24: R223



Circulating tumor cells, DNA and 
microRNAs as prognostic markers for NETs
Circulating tumor cells, DNA and 
microRNAs as prognostic markers for NETs

PROGNOSTIC MARKERS CIRCULATING TUMOR CELLS
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PROGNOSTIC MARKERS CIRCULATING TUMOR CELLS

“CTCs are a promising prognostic markers for patients with NETs and 

should be assessed in the context of clinical trials with defined tumor 

subtypes and therapy”

Khan et al. J Clin Oncol  2012,31:365-372



Circulating tumor cells, DNA and 
microRNAs as prognostic markers for NETs
Circulating tumor cells, DNA and 
microRNAs as prognostic markers for NETs

PROGNOSTIC MARKERS

Despite the identification of CTCs, ctDNA and miRNAs as circulating 
biomarkers capable of providing prognostic and predictive 
information in patients with NET, they have not been incorporated 
into routine clinical practice. This is due in part to technological 
limitations hampering routine analysis, as well as limited data 
regarding the implications of clinical decision making based on these 
biomarkers.

Rizzo et al. Endocrinol Metab Clin N Am (2018) doi.org/10.1016/j.ecl.2018.04.002
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PERSONALIZED 
MEDICINE
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PROGNOSTIC MARKERS THERE ARE A LOT OF ZEBRAS

NOT ALL ZEBRAS ARE THE SAME






