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Recent Updates in the Management of Advanced Pancreatic Neuroendocrine Tumors

Chang Min Cho™?

Department of Internal Medicine, School of Medicine, Kyungpook National Universityl; Center for Pancreatobiliary Tumors, Kyungpook National

University Chilgok Hospital®, Daegu, Korea

Pancreatic neuroendocrine tumors (pNETs) are rare neoplasms arising from the pancreatic islet of Langerhans and can be functioning
or non-functioning based on the clinical symptoms caused by hormonal secretions. PNETs are the second most common tumor of
the pancreas and represent 1-2% of all pancreatic neoplasms. The incidence of pNETs appears to be rising and the prognosis seems
to be improving, likely due to the improved treatment options. Recent updates of the World Health Organization classification and
grading separate pNETs into 2 broad categories according to the histopathologic criteria, including the Ki-67 proliferative index and
mitotic counts: well-differentiated NET and poorly-differentiated neuroendocrine carcinoma (NEC). The classification also in-
corporates a new subcategory of well-differentiated high-grade NEC (grade 3) to the well-differentiated NET category. This new classi-
fication algorithm aims to improve the prediction of the clinical outcomes and survival and help clinicians select better therapeutic
strategies for patient care and management. The treatment of advanced or metastatic pNETs may include surgical resection, liv-
er-directed therapies, and/or systemic treatments. In unresectable patients, the goals of these therapies are to palliate the tumor-re-
lated symptoms and prolong the lifespan. Systemic therapy consists of the following broad modalities: somatostatin analogues, molec-
ular targeted therapy, systemic chemotherapy, and peptide receptor radionuclide therapy. In conclusion, pNETs are diagnosed increas-
ingly throughout the world, usually with metastatic disease and requiring systemic therapy. Each patient should be evaluated thor-
oughly and discussed individually by a multidisciplinary and dedicated NET-expert team, which might consider all treatment options,
including ongoing clinical trials before selecting the appropriate treatment sequence. (Korean J Gastroenterol 2019;73:124-131)

Key Words: Pancreas; Neuroendocrine tumors; Therapy

N 2 B 1-3% Awolth! 2000 2009 7HA] = AL

Hl S0 TS o7 AFolA J AR SES

AP AR 42 BA= Ax'e(islet of Langerhans) A ABHER] FYelM oF 87%E XAJ3kL, miid 11 WS
oA 713t Fde SuletH, FFellA *‘ﬂl* = yaRo} 2 ZRL e Alelth? 118509 I AR FF
Petol= ol ofsto] WHE= S/ ol wet 7ls BAE teR & B Ahmol sk e FA] 14%fA=
A AP FEeR Y o vk A AU 4 Aol ==L, 23% e 9 B2 e SRk
< A ARkl oF 13%E ARAShLL, I AAES Az 108 ba%olA= fAdole yehdThal 3kl W7o mhE 54

Received January 31, 2019. Revised February 7, 2019. Accepted February 14, 2019.
This is an open access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Copyright © 2019. Korean Society of Gastroenterology.

WAXRE XD 41404, A 57 =22 807, AIZASUSUEH HHTAMH
Correspondence to: Chang Min Cho, Center for Pancreatobiliary Tumors, Kyungpook National University Chilgok Hospital, 807 Hokuk-ro, Buk-gu, Daegu 41404, Korea.

Tel: +82-53-200-2608, Fax: +82-53-200-2028, E-mail: cmcho@knu.ac.kr,

Financial support: None. Conflict of interest: None.

ORCID: https://orcid.org/0000-0002-9903-1282

Korean J Gastroenterol, Vol. 73 No. 3, March 2019

www.kjg.or.kr



-2 717} 79%, 62%, 27% % K sl 9irk’ 2
35 W75 Holtjgte o3 A Aotol viste] ¢
Aolc. < vt ofAl 7ide 7] ABES Barst
gk, ofE A S AR oR ARGSfoF SRl o] Hidt
Ado] A At vfe- AlgHA ok AP A 4173
H] Ffoll A 5 e At AUFEAEE GAR], strep-
tozocing 7|RFO. % Sh= deF IFF 9 ¥, 4 A &A| 5ol
ok’ T Hefol= S2EHE o
A oz AREE I ek EaloAle AR UREE] $% 1
7] Eeh AgE A AR
Aol thsto] obr A} dhet

= o%
% TN

=)
o

o
sk
}:l:l
i)
oL -1
>~
>,
2k
fo
% o
)

o\
ﬁ
B
kil
1o
1)
r,
i
e
>,

rh

1. AEUEH 3L9 4 2R

A A B A7]7-(World Health Organization, WHO)= 417
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QoA AF3 HA AFHEH] FFS WHO grade
ot ofe} ol gl X5 A =

T vt flsiA=

Tumor-Node-Metastasis (TNM) 7] 8% AAZS F2
0]-8-¢6}=4|, American Joint Committee on Cancer (AJCC)
¢} European Neuroendocrine Tumor Society (ENETS)o]
A AN W71E 22 A AJCC 7a3AE =
¥ A71E 2 ecmE V|EOE T ¥7IE FES] 2 cmé}
4 cmE 7|EC0E 5= ENETSSF xpol7} Slglont, A
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71&S AFESETL itk 3FAYE TNM stageo]A] ENETSE
stage 1I¢} IS A|E3s}sto] TIA, 1B, 1IA, NIIBRE EHF319
O}, AJCC sToAE s M9} M2 LESISItHTable 2).
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I A7 W 240 #8% MR AE AT d
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Table 2. AJCC (8th ed) and ENETS Staging Systems for pNETs

AJCC ENETS
T stage
T1 Tumor limited to the pancreas, <2 cm
T2 Tumor limited to the pancreas, 2-4 cm
T3 Tumor limited to the pancreas, >4 cm invading the
duodenum or bile duct
T4 Tumor invading adjacent organs® or the wall of large vessels®
N stage
NO No regional LN involvement
N1 Regional LN involvement
M stage
MO No distant metastasis
M1 Distant metastasis
Stage
| T1, NO, MO T1, NO, MO
Il T2, NO, MO T2 ,NO, MO (lIA)
T3, NO, MO T3, NO, MO (IIB)
11l T4, NO, MO T4, NO, MO (ll1A)
Any T, N1, MO Any T, N1, MO (llIB)
[\ Any T, any N, M1 Any T, any N, M1

AJCC, American Joint Committee on Cancer; ENETS, European
Neuroendocrine Tumor Society; pNETs, pancreatic neuroendocrine
tumors; LN, lymph node.

#Stomach, spleen, colon, adrenal gland; ®Celiac axis or superior
mesenteric artery.

Table 1. WHO 2017 Nomenclature and Classification of Neuroendocrine Tumors

Nomenclature Cell differentiation Grade Mitoses/10 HPF Ki-67 index
NET, grade 1 Well-differentiated Low grade (G1) <2 <3%
NET, grade 2 Well-differentiated Intermediate grade (G2) 2-20 3-20%
NET, grade 3 Well-differentiated High grade (G3) >20 >20%
NEC, grade 3 Poorly-differentiated High grade (G3) >20 >20%

WHO, World Health Organization; HPF, high power field; NET, neuroendocrine tumor; NEC, neuroendocrine carcinoma.

Vol. 73 No. 3, March 2019



126 28T AT 3= %Y Nz

W7A = s 7ol glol A dA A= 9 A
ol Agtdo= 2Hggtct. shA|Rt A 167] 7% 1639
o] A AAUEH Tk TAE R 3 I}
oA WHO 553 TNM 7] A/A" B5 oJu] )
AAE AAR, FY AL 7|ZHprogression free
survivall> WHO g ET} TNM &7 AA7 o & 5y
Bt YA A BRof w2 o5 it g5 24

o 977t Y

2. ADIEAEE RAHH|(somatostatin analogues)
AUPEAEE-S 9T o] EEsaL Q= FEH] Al
(paracrine cel)ollA EH|E&= Al4HElo|ER, 65712 |
9] AulEAEE 4-8-H|(somatostatin receptor)o]] 2s}o]
AZWEH] Aol FFe 714 ot T2 BHlE A
o= 20w duA Qlok A AR FY
Bt e 849 2 PHE EAO R dl=1], o]
& AU $G 80%0lA st gl
FAAIE 71648 AW Sl #H]=

% FE ANt T3

sfel, A 54 3 A

AUFEA

L

o

o
< 2%l 4
£
RSN

[ pm
e ol >

1 olN o¥ [0 L 4

= 4 4o 33
>

2 o

> a

oo ofN ox
i 0% ek
koo ri

B
o)
9

9= SAF4E= octreotide long acting release (LAR)
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A3} o] ol Hofeiths - AWE v o ojgfet R AE V7o SUEke 671l L, Al BE SR
FEAI%t FRE Ak oFEe] e AR AR Hily & 28710l o] F 69 Tk Hojk 129 et
1 9Jt}. Sunitinib maleate (Sutent®; Pfizer Inc., New Z0k0] SIS HYT, ZXFFE everolimuss A3 4
York, NY, USA)= Wa @3 44 It #8415 E3sh= o] 3} 5 3ollA 127]1€ o) Fe A&A QI FU4 IS
o] 7HA] kinaseE BI7F9Ao® oA o= Qe tiA < eRIStAh oS Hig e R ¥ IR} G3 T TAIA
tyrosine kinase HAIA| R thFet 11 T wiste] T A A A B AN At ot A A% Fo8
ARt B A A 7L FEEHUCET 17189 nEet 2 A} o
A AR U] T BAE o R 3 theA] 74 o]
< W4 1o dix 3 AN FAY AEES A% 4. Y o 28
(11470 vs. 66711€)& HAL, thE ¢I5ko] Hlste] ol A1 SFE @RS Aoy ke HS7E | G3 4]
< A AEEY v Qe S Bloh oAl B 7 A ARWER FEol H8ol "o £ Ki-67 £ A7t
ORE= AAL o4, & Y g23fo] E3glal, aEek, pal- =AY 343 JYots A E= B G7|E dolrt FhEkE
mar-plantar erythrodysesthesia, 537 #4435, 4444 71 35 ve A=l AuisiAY AvtEAEE agA 54
Table 3. Molecular Target Agents in Pancreatic Neuroendocrine Tumorsa
Authors (year) Phase Target agent Patients ORR (95% CI) E::ﬁgf:r Months (95% Cl) or rate (%)
Duran et al. (2006)** Il Temisirolimus 37 5.6% (0.6-18.7) TTP 6.0 (3.7-not reached)
Hobday et al. (2006)*° I Gefitinib 39 2 PRand 1 MR in 31 patients 6-month PFS 31%
Hobday et al. (2007)26 1l Sorafenib 43 4 PR and 9 MR in 41 patients 6-month PFS 60.9%
Kulke et al. (2008)*" Il Sunitinib 66 16.7% (8.6-27.9) TTP 7.7 (6.5-12.5)
Yao et al. (2008)28 1l Everolimus+octreotide 30 20% PFS 15 (13.5-16.5)
Yao et al. (2010)29 1l Everolimus and 115 and 9.6% and 4.4% PFS 9.7 (8.3-13.3) and
everolimus+octreotide 45 16.7 (11.1-not reached)
LAR
Yao et al. (2011)18 1 Everolimus vs. placebo 191 vs. 5% vs. 2% PFS 11 (8.4-13.9) vs.
189 4.6 (3.1-5.4)
Raymond et al. (20:].:].)23 1] Sunitinib vs. control 86 vs. 85 9.3% vs. 0% PFS 11.4 (7.4-19.8)
Phan et al. (2015)*° Il Pazopanib+octreotide 32 21.9% (11.0-38.8) PFS 14.4 (5.9-22.9)

deposit

ORR, overall response rate; Cl, confidence interval; TTP, time to progression; PR, partial response; MR, minor response; PFS, progression free

survival; LAR, long acting release.
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_ 437} (18% vs. 3%)& _,_Mou:] XlBi X]oﬂ T /\]-Eﬂ-oﬂ
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PET-CTo|| A standardized uptake value 16 ©]JAFQl 7Z-$-of
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6. ZF ™O| HHO| TSt XXXl X|2H (liver-directed thera-
pies)

THA AAE 7SS Aol A U] FdellAl 71
W Aol 98 Aol Bl HAE, ol ge A
Q9 A2 e B 2, 4o A W R AE AT
o g% Alhet 5 Ak ol AR WY AFRE] 5
o Ao P FFS FE2 AANT, FLHOE 7
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a9} M Al 9eFA|(etoposide+cisplatin, doxorubicin, etopo-
side+cisplatin+ifosfamide, 5-FU)7} 35y, 238 A=
= AFEAEE GAH]|, everolimus, sunitinibe] ARE- 7153}
t}. Everolimus®} sunitinib2 1153} G1/G2 ZRBA FA Al
U] SollA B Ago] Hu, A AEE FAR &
lanreotidet= B9 A-§-0] =1}, octreotide LARE A B
A FAol= SHgo] BUEGS A B4 AN B
03 Alg-0] 7}53lt}. Temozolomide: capecitabine¥} B
g310] Aol 5ot W Agol H7 ghou, ever
olimus%} octreotide LAR B4 QL2 o514 17 HZ£0
B ARgo] 38HA ofar 9

8. 7IH=l= Kl A+S

W A& (immune therapy)= THFEE Qroll Al WA
3}ok= A | BOFR, programmed death-ligand 1 (PD-L1)
o] QHAIEolA] HrEIEo] we Alio] iz PD-1 S8 4lell %
£310] T AT} QHIZE Q1 ZHES o o}
we] Wg-S Y7jsE% Hof 9ok, PD-10]0} PD-L10] tfth
GAS AT AF T AlES] I 285 BAHSAA A wol
AR e Alrt 270EAL Qo =l A AW
TG 22014 PD-L1 U¥of gt dAoll A Mol AU

H] FoFo g ke 3299 31} 5 79H(21.9%)4 ¥ &
AL Hof ol I WY A57F Efo] E AoR 7
th® ®3 WHO G394 EAFOZ PD-I1 ¥rdo] o}

AU
Q ARAR X 2 =9
=, ABWEH] G A5 Fdol et S
s olo} el AT} 7|t

T A5A9 el metformind Y AL =
Ao FeA Qo HT AFo] wEH 445 9] WUEPA
A AR FF ShAel it 3R A AtoA &
W7t FHEEA] ohokS A9 FX1Y Aol Bt FHIE S
2ot oA A ok320E vs. 15.171Y), Bt F4t

o DA A metforming AR -9 FAY AJEo] 44274
47 gt g AR 2492 H(hazard ratio, 0.45;
95% CI, 0.32-0.62; p<0.00001), everolimustt A= AEE
FAAR A 55 92 Gt sk SERpol|A] FX18) o]
208719 =& & ¢ Q3 A&} thhazard ratio, 0.49; 95%
CI, 0.34-0.66; p<0.0001). &A o]e} H&A 24+ A7} A3
Zolv 11 A3t 7|t
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