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15.1	 �Introduction

The rate of detection of colorectal neuroendo-
crine neoplasms (NENs) is increasing, due to the 
widespread use of colonoscopy, including an 
established screening tool, and the followed 
biopsy of the removed lesions [1]. Colorectal 
cancer is a hindgut tumor which according to the 
statement of the authors of the recent ENETS 
consensus has to be treated not individually but 
as two different malignancies, i.e., the NEN of 
the rectum and the NEN of the colon [2].

Rectal NENs are usually small in size lesions 
(most <1 cm), and their histological malignancy 
is low to moderate (G1, G2), whereas NENs of 
the colon are often of larger dimension, aggres-
sive, poorly differentiated, and more malignant 
(G3). Colonic NENs account for 7.8% and rectal 
NENs for 13.7% of all neuroendocrine neo-
plasms [3]. The most common site for colonic 
tumors is the caecum, and this location is more 
frequent in females [3]. The mean age at disease 
onset is 70  years [4, 5]. Rectal tumors are the 
third largest group of gastrointestinal NENs, 
accounting 1% of all rectal tumors. According to 

Japanese and Korean data, rectal NENs are more 
common in the male population [6] with highest 
incidence in Asian and African patients [6, 7]. 
The mean age of patients with rectal NENs is 
56  years. Statistically, rectal NENs record 4.2 
cases per 1,000,000 citizens [6, 7]. Rectal NENs 
are usually single lesions. If neuroendocrine 
lesions are found in the rectum [8], complete 
colonoscopy is recommended.

According to the WHO classification of 2010, 
rectal NETs can be separated into three catego-
ries based on both Ki-67 index and mitotic count, 
as follows: low grade (G1) = <2 mitoses/10 high-
power fields (HPFs) and ≤2% Ki-67 index; inter-
mediate grade (G2) = 2–20 mitoses/10 HPFs or 
3–20% Ki-67 index; or high grade (G3)  =  >20 
mitoses/10 HPFs or >20% Ki-67 index [8, 9] 
(Table 15.1).

Surgery consists the only curative option for 
rectal NETs, but as in the bronchopulmonary 
NENs, there is a lack of precision-consensus 
between for both colonic and rectal NET man-
agement and guidelines regarding optimal 
treatment approaches in the unresectable/meta-
static setting on account of the limited avail-
ability of high-level clinical evidence. As a 
result, a multidisciplinary approach for the 
management of colorectal NETs is required to 
ensure a consistent and optimal level of care 
(Table  15.2) [10]. Lesions ≤10  mm without 
invasion of the muscularis propria and without 
depression or ulceration seen macroscopically 

G. S. Limouris (*) 
Nuclear Medicine, Medical School, National and 
Kapodistrian University of Athens, Athens, Greece
e-mail: glimouris@med.uoa.gr 

A. G. Zafeirakis 
Nuclear Medicine Department, Army Share Fund 
Hospital of Athens, Athens, Greece

15

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-70773-6_15&domain=pdf
https://doi.org/10.1007/978-3-030-70773-6_15#DOI
mailto:glimouris@med.uoa.gr


180

could be locally resected safely [11]. Rectal 
NETs between 10 and 20  mm have sparked 
more controversy and can be managed with 
endoscopy or surgery depending on the stage. 
Alternatively, larger lesions >20 mm should be 
managed like rectal adenocarcinoma with low 
anterior resection or, in rare cases, abdomino-
perineal resection [8].

We report on the effectiveness of PRRT in 11 
colorectal, liver metastasized patients [3 males, 8 
females (Table  15.3)] discussing and analyzing 
the recent ergography developments. Indication 
for PRRT was decided in an interdisciplinary 
tumor board. Planar and SPECT scans were per-
formed for all therapy cycles to calculate tumor 
and critical organ doses, followed by quantitative 
dosimetry. Accordingly, absorbed doses delivered 
to liver metastases, kidneys, and red marrow were 
calculated according to OLINDA 1.1 program, 
and response assessment was classified, based on 
RECIST 1.1 criteria. Response to salvage PRRT 
was assessed by CT/MRI scans performed before, 
during, and after the end of treatment and monthly 
ultrasound images for liver follow-up measure-
ments. Toxicity (WHO criteria) was measured 
using blood and urine tests of renal, hepatic, and 
bone marrow function. Progression-free survival 

(PFS) analysis was performed with the Kaplan-
Meier survival plot. High doses [4070–5920 MBq 
(110–160  mCi)] of 111In-Octreotide were intra-
arterially infused, after catheterization of the 
hepatic artery of these 11 patients with surgically 
removed ascendant colonic (2 cases), descendant 
colonic (4 cases), sigmoid (3 cases), cecum (1 
case), and rectal (1 case) NENs, associated with 
liver metastases, positive for somatostatin recep-
tors [verified by OctreoScan® (Figs.  15.1 and 
15.2) and confirmed by biopsy].

15.2	 �111In-Octreotide Treatment 
Results

Liver metastatic load: None of the 11 treated 
patients resulted in complete response, and par-
tial response was assessed in 8 cases. Table 15.3: 
One out of the aforementioned 11 cases resulted 
in disease stabilization, whereas 2 did not respond 
at all and died within about 1 year after the ini-
tialization of the therapeutic scheme (patients 2 
and 7) due to disease aggravation (Fig. 15.3). The 
36-month PFS ratio was 6/11 (54.54%), and the 
ratio for OS was 8/11 (72.72%).

In both U/S and CT, liver-metastasized tumor 
lesions showed a mean target diameter shrinkage 
ranging from 33 to 45%. A Grade II to III 
erythro-, leuko-, and thrombocytopenia occurred 
in all PD cases. Dosimetric calculations 

Table 15.1  NETs 2010: WHO classification for rectal 
NETs

Differentiation Grade

Mitoses 
per 10 
HPFs

Ki-67 
index

Well 
differentiated

Low grade 
(G1)

<2 <3%

Well 
differentiated

Intermediate 
grade (G2)

2–20 3–20%

Poorly 
differentiated

High grade 
(G3)

>20 >20%

HPFs high-power fields

Table 15.2  Multidisciplinary team approach to review-
ing colorectal and liver-metastasized patients

Nuclear medicine physician Hepatic surgeon
Interventional radiologist Medical oncologist
Radiation physicist Pathologist
Colorectal surgeon Anesthesiologist
Gastroenterologist Dedicated nursing staff

Table 15.3  Colorectal patients’ response to therapy with 
111In-Octreotide

Patients’ 
no.

Age/
sex

Response 
evolution

PFS 
(months)

O S 
(months)

1 76/f PR 54 61
2 63/m PD 5 27
3 62/f PR 78 >96
4 59/f PR 60 60
5 56/f PR 30 69
6 63/f PR 49 71
7 79/f PD 7 17
8 55/f PR 33 41
9 52/m PR 36 48
10 49/f SD 29 35
11 68/m PR 42 46

PR partial response, SD stable disease, PD progressive 
disease, D death
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(Table  15.4) were found as follows: (a) liver 
tumor 15.2 mGy/MBq, (b) liver 0.14 mGy/MBq, 
(c) kidneys 0.41 mGy/MBq, (d) spleen 1.4 mGy/
MBq, and (e) bone marrow 0.0035 mGy/MBq. 
Remarkably, a threefold tumor-/liver-absorbed 
dose difference is observed between intra-
arterial (i.a.) and intravenous (i. v.) one.

15.3	 �Discussion

In the limited cohort of the present study of 11 
patients suffering from liver-metastasized 
colorectal NENs treated with 111In-Octreotide 
with surgically removed primaries, an objective 
response was observed in 8 (72.72%) patients 

Fig. 15.1  OctreoScan® scintigraphy (anterior/posterior view) of a colorectal carcinoma after 185 MBq 111In-Octreotide, 
i.v. 7 h post injection. Overintense radiotracer uptake in liver and spleen (visual score IV)

Fig. 15.2  OctreoScan® scintigraphy of a BPNN after 185 MBq 111In-Octreotide, i.v. 7 h post injection (left: anterior 
view; right, posterior view). Overintense radiotracer uptake in the liver and spleen (visual score IV)
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with a median PFS of 36  months. This single-
center analysis provides efficacy results includ-
ing a clearly limited progression-free survival 
and overall survival as well. Despite the small 
patient number (n = 11), these findings can act as 
a first class forwarding the feature of the persis-
tent antiproliferative activity of 111In-Octrerotide 
Auger and internal conversion electron emission 
in this specific NET entity at an advanced stage.

Few data are available internationally con-
cerning the effectiveness of targeted therapy with 
radioisotope-labeled somatostatin analogues in 
patients with colorectal NENs (Table 15.5), and 

according to Kwekkeboom et  al., the observed 
survival following PRRT is shorter than in mid-
gut tumors [12]. The relevant international refer-
ences report on 90Y- and 177Lu-labeled peptides 
but not with 111In.

In a retrospective study of Lung et al., in 2017, 
6 out of 26 patients with metastatic G3 advanced 
NETs, originated from the rectum, were treated 
with 177Lu-DOTATE [13]. The authors reported 
an OS of 18 months and a median time to death 
(TNTD) of 12 months with a poor prognosis and 
limited treatment options (usually based on che-
motherapy). In a recent prospective study of 
Garske-Román et al. on 11 rectal NETs, median 
PFS and OS were 34 (17–35) and 50  months, 
respectively, in 8 out of 11 patients, in whom the 
absorbed dose to the kidneys reached 23 Gy; in 
the rest three, in whom it did not, PFS and OS 
were 12 (3–12) and 12 (11–33) months, accord-
ingly [14]. In another similar retrospective review 
study of Kong et  al. on 27 patients with rectal 
NETs, treated with 177Lu-DOTATATE, 10 patients 
died with a median OS of 81  months and a 
median PFS of 29 months. The authors reported a 
PR in 19 (70%) patients and a SD in 7 (26%) 
[15].

15.4	 �Conclusion

In unresectable metastatic liver lesions positive 
for somatostatin receptors, colorectal originated, 
repeated, intra-arterially infused, high doses of 

Table 15.4  Tumor-absorbed dose comparison between 
i.v. and i.a. administration of 111In-Octreotide

Intra-arterial 
infusion

Intravenous 
infusion

Liver dose 0.14 (mGy/
MBq)

0.40 (mGy/
MBq)

Κidney dose 0.41 (mGy/
MBq)

0.51 (mGy/
MBq)

Tumor dose 15.20 (mGy/
MBq)

11.20 (mGy/
MBq)

Spleen dose 1.40 (mGy/
MBq)

1.56 (mGy/
MBq)

Bone marrow 
dose

0.0035 (mGy/
MBq)

0.022 (mGy/
MBq)

Tumor/liver dose 
ratio

108.57a 28.00

Tumor/kidney 
dose ratio

37.07 21.96

aThe average absorbed dose per session to a tumor for a 
spherical mass of 10  g was estimated to be 10.8  mGy/
MBq, depending on the histotype of the tumor
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Fig. 15.3  Kaplan-Meier curves for progression-free (left) and overall survival (OS) of the 11 colorectal patients’ study, 
treated with 111In-Octreotide
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111In-Octreotide resulted in an 11 NET patient 
cohort an overall response rate of 72.72%. The 
Auger and internal conversion electron emission 
of 111In-Octreotide seems to be a promising thera-
peutic tool to confront liver-metastasized hindgut 
tumors, especially in those secondaries not 
exceeding the 20  mm in diameter, having the 
same successful outcome observed in GEP-NET 
cases.
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Table 15.5  Experts on PRRT in colorectal NETs

Author Year Radiopeptide Origin n orr (%) PFS (months) OS (months)
Lung et al. 2017 177Lu-DOTATATE Rectal 6 nr nr 18
Garske-Román 
et al.

2018 177Lu-DOTATATE Rectal 11 5 34 (8/11)
12 (3/11)

50 (8/11)
12 (3/11)

Kong G et al. 2019 177Lu-DOTATATE Colorectal 27 70 29 81
Limouris et al. Present study 111In-Octreotide Total

desc
sigm
asc
rect
cecum

11
4
3
2
1
1

71.4 36
45.5
61
44
5
36

48
53.5
68
82.5
27
48

orr objective response rate, dcr disease control rate, PFS progression-free survival, os overall survival, nr non-referred, 
desc descending colon, sigm sigmoid, r rectum
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