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Background: The diagnosis and surgical strategy of lateral lymph node

metastases of rectal neuroendocrine tumors are still controversial. At

present, the major diagnostic means rely on imaging examinations, but will

be affected by the size of lymph nodes leading to false negativity. We provide a

new technique to determine lateral lymph node metastases during surgery.

Clinical case: A 68-year-old man developed abdominal pain, bloating and

fever for a month. Colonoscopy revealed the mass is 2.4 cm x 2.0 cm in size,

with a wide stratum, poor mobility, and a rough but intact surface mucosa.

Therefore, rectal neuroendocrine tumors (R-NET) were diagnosed. Multiple

imaging methods, such as CT, octreotide imaging and endoscopic

ultrasonography, have not found lateral lymph node metastases from rectal

neuroendocrine tumors. But indocyanine green (ICG)-enhanced near-infrared

fluorescence-guided imaging during surgery found left lateral lymph nodes

metastases, which was proved by postoperative pathological examination.

Conclusions: We believe that applying ICG-enhanced near-infrared

fluorescence-guided imaging in laparoscope can improve the detection of

positive LLNs in those R-NET patients who did not reveal LNM on imaging

examinations.

KEYWORDS
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Introduction

Lateral lymph nodes (LLNs) metastases are directly

correlated with poor prognosis in rectal neuroendocrine

tumors (R-NET) (1). Many scholars have begun to pay

attention to lateral lymph nodes dissection (LLND) (2, 3).

However, there is still no uniform guideline for LLND in R-

NET. LLND is recommended for LLNs metastases with clear

radiographic evidence which is based on the size of the

metastatic lymph nodes (LNs) (2, 4, 5). Nevertheless, Kim B.C.

et al. reported that LNs size is not a reliable criterion for

predicting lymph node metastases (LNM) in R-NET (6).

Here, we applied a new method of assessing LNM and found a

case of R-NET patient with multiple negative imaging

examinations (computed tomography (CT), endoscopic

ultrasound (EUS), and 99Tcm-octreotide SPECT developed LLNs

metastases. Namely, LLNs metastases are confirmed by applying

indocyanine green (ICG)-enhanced near-infrared fluorescence-

guided imaging in laparoscope.
Case description

A 68-year-old man developed abdominal pain, bloating and

fever for a month. The rectal touch found a mass (20mm in
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diameter) in the lower rectum that was located 5cm from the anal

verge at the posterior side of the rectumwall. Colonoscopy revealed

the mass is 2.4 cm × 2.0 cm in size, with a wide stratum, poor

mobility, and a rough but intact surface mucosa (Figure 1A). And

the biopsy was performed. The pathological diagnosis of NET was

confirmed. Considering that the maximum diameter of the tumor

is 2.4 cm, further radical surgical treatment is necessary for this

patient. Low anterior resection (LAR) and regional LNs dissection

is the recommended surgical method. More detailed imaging

examinations were therefore performed to evaluate the condition

of LLNs metastases. A CT examination revealed the tumor is

significantly enhanced and the fat gap around the tumor is blurred

(Figure 1B). The endoscopic ultrasound (EUS) reveals the lesion

invades the submucosal layer, and some levels are suspected of

invading the innate muscular layer (Figure 1C). But, neither CT

nor EUS reveals pelvic, abdominal, or retroperitoneal enlarged

LNs. 99Tcm-octreotide SPECT images revealed high uptake in the

rectal cavity which is consistent with neuroendocrine tumor

manifestations (Figure 1D). But there are no high-uptake foci in

the regional LNs. Therefore, multiple imaging examinations

cannot determine the LLNs metastases of the patient.

Two weeks later, 4K fluorescent laparoscopic radical

resection of rectal cancer was performed. Before total

mesorectal excision (TME), anoscopic injection of ICG 1ml

(2.5mg) at 0.5cm above, below, on the left, and on the right
A B

C D

FIGURE 1

Preoperative endoscopic and imaging examination results. (A) Colonoscopy revealed the tumor was 2.4 cm × 2.0 cm in diameter in the lower
rectum with a wide stratum. (B) CT revealed no LLNs enlargement in the mesorectum and on both sides of the lateral pelvic space. (C) The EUS
reveals the lesion invades the submucosal layer and no LLNM. (D) 99Tcm-octreotide SPECT revealed high uptake in the rectal cavity and no
uptake in either side of the lateral pelvic space.
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side of the tumor, respectively. After opening the peritoneum,

the internal iliac vessels were subsequently cleared from the

lymphatic tissue at a safe distance from the lateral side of the

pelvic plexus (Figures 2A, B). In the obturator space,

fluorescence staining of the left LLNs is visible (Figure 2C). In

contrast, LLNs on the right side are not visible with fluorescence

staining (Figure 2D). Therefore, the left LLND was performed

(Figures 2E, F). Following completion of the left LLND, only

external vessels, internal iliac vessels and their branches, the

obturator nerves, and the pelvic plexus remained. The procedure

after lymphadenectomy is conventional AR and regional LNs

dissection. The operative time was 207min, and the

intraoperative blood loss was 100ml. The patient recovered

well from surgery and was discharged on postoperative day 9.

The adjuvant therapy was not performed.

The resected specimen indicated that the primary tumor was

20mm in diameter and invaded peri-intestinal adipose tissue

(Figure 3A). Hematoxylin and eosin (HE) staining of the

primary tumor and LLNs showed that the tumor cells spread

in the organ-like features, trabecular, glandular, gyri-like

(Figures 3B-E). The vessel carcinoma embolus and nerve

invasion were detected. A pathological diagnosis of NET G1

(pT3N1) was confirmed according to a Ki-67 index of 1-2%

(Figure 4A). The macroscopic and microscopic findings of the

specimen revealed that the surgical margin was negative. One of

the 6 LNs in the mesorectum contained metastases from the

NET, and one of the 6 LLNs on the left side contained metastases

from the NET. More results of immunohistochemistry are

shown in Figure 4 and Supplementary Table 1. The patient

was followed up with abdominal CT every 3 months. Three

months after the operation, he showed symptoms of chronic

diarrhea, but there was no fecal incontinence, and his voiding

and sexual functions were also preserved. At the six-month

follow-up, the symptoms of diarrhea were slightly relieved. And
Frontiers in Oncology 03
no local recurrence or distant metastases had been found. More

details about the timeline with relevant data are shown in

Supplementary Table 2.
Discussion

The incidence of gastroenteropancreatic (GEP)-NETs has

increased significantly in the past 20 years (7–9), which is related

to the abundance of examination methods and the improvement

of tumor screening. Among all GEP-NET patients, the incidence

of R-NET has shown the second highest increase in recent years

according to the major data emerging from both the US National

Cancer Institute Surveillance, Epidemiology and End Results

database (SEER) and national cancer registries in Western

Europe (7, 8). In the National Comprehensive Cancer

Network guidelines, R-NETs >2 cm with invasion into the

muscularis propria or LNM should be treated with LAR (10).

In the European Neuroendocrine Tumor Society guidelines and

the North American Neuroendocrine Tumor Society consensus

guidelines, patients with R-NETs >2 cm and 1-2 cm NETs with

muscular invasion or positive lymph nodes (LNs) are

recommended to undergo radical resection with LN dissection

(11, 12). The incidences of LNM in tumors of different sizes are

1.0% (≤5 mm), 8.4% (6-10 mm), 54.5% (11-20 mm) and 66.7%

(≥21 mm) (13). LNs dissection refers to regional LNs dissection

of the rectum. However, the definition of regional LNs is

currently controversial (14, 15). In the West, scholars deem

that LLND has complications such as long operation time,

increased intraoperative bleeding, postoperative impact on

urination and sexual function, and cannot improve the

survival rate of patients (16, 17). Therefore, the standard

t r e a tm e n t u s e d u s u a l l y i n c l u d e s n e o a d j u v a n t

chemoradiotherapy (NCRT) and total mesorectal excision
A B C

D E F

FIGURE 2

4K fluorescence laparoscopic surgical procedure. (A) Expose the region of the left iliac vessel. (B) Expose the region of the right iliac vessel. (C)
Positive ICG-fluorescent staining of the left LLNs. (D) Negative fluorescent staining of the right LLNs. (E) Dissect the left LLNs. (F) Specimen of
the left LLNs.
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(TME) (15, 18). The addition of NCRT has decreased the

incidence of local recurrence from 11.3% to 5.8% (19). In

contrast, Japanese scholars generally believe that the LLNs are

regional LNs of rectal cancer (4), so preventive LLND is

performed for rectal cancer below peritoneal reflection (20).

The concept of LLNs was elaborated by Villemin and

Montagn’e in 1925 (21). They demonstrated that the low rectum

was obvious in its lateral lymphatic drainage to the iliac nodes.

Meanwhile, in Japan, Senba Y. described injecting dye into fetal

cadavers to demonstrate that these lymphatic vessels are

distributed in the internal iliac and obturator spaces (22).

Although they vary greatly, these pathways have been confirmed

by recent lymphatic scintigraphy techniques (23). Conventional

TME surgery does not remove the LLNs, which may be one of the

reasons for local recurrence after the surgery. Akiyoshi, Ueno et al.

performed LLND in patients with suspected LLNs metastases

based on CT or magnetic resonance imaging (MRI) before

chemoradiotherapy (CRT) and total rectal resection (TME) in

patients without suspected LLNs metastases (5). They found no
Frontiers in Oncology 04
recurrence in the former, while three recurrences occurred in the

latter. This indicates LPLD might improve regional control and

survival of patients with LLNs metastases in advanced low rectal

cancer treated with preoperative CRT. But there is no clear expert

consensus or guidelines regarding the diagnosis and treatment of

R-NETs with simultaneous LLNs metastases. Meanwhile R-NETs

are relatively inert and low malignancy. So whether LLND could

improve the prognosis is controversial.

From previous reports, 5.8–6.5% of patients with R-NETs were

confirmed to have LLNs metastases after rectal resection (24, 25).

32 reported cases of LLNs metastases from R-NETs have been

reported (3, 24–27). Among them, Liu, X., et al. reported 3 cases of

R-NET of LLNs metastases. They proposed that transanal local

resection (TLR) combined with LLND is worth applying to

patients with R-NET who is solely suspected LLNs metastases

and without mesorectal LNM. At the same time, we retrospectively

analyzed the LNM of R -NET patients in the National Cancer

Center, Chinese Academy of Medical Sciences, Beijing, from

January 2000 to December 2018. Of the 113 patients with R-
A B C D E F

FIGURE 4

Immunohistochemical staining (magnification, x100) of the resected specimen (primary tumor and left LLNs). (A) The Ki-67 index was 1-2%. (B)
The CD56 was 3+. (C) The synaptophysin was 3+. (D) The CgA was 3+. (E) The SSTR2 was 2+. (F) The Rb-1 was 2+.
A B C D E

FIGURE 3

Histopathological findings of the resected specimen (primary tumor and left LLNs). (A) Macroscopic findings of the resected specimen. (B, C) HE
staining showed that the primary tumor cells spread in the organ-like features, trabecular, glandular, and gyri-like (B magnification, x20, C
magnification, x400). (D, E) HE staining showed that left LLNs have similar findings to those of the primary tumor (D magnification, x20, E
magnification, x100).
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NET, whose mean tumor size was 2.29 cm, 12 developed LLNs

metastases. The metastatic rate was 10.6%, which was indeed

higher than the 5.8% - 6.5% reported in the literature. The

evaluation method for lateral lymph node metastases is to dissect

the LLNs and perform pathological examination if the suspected

lateral lymph node metastases is found on preoperative imaging

examinations. If the pathological examination is positive, lateral

lymph node metastases will be confirmed. Considering that 54

patients underwent endoscopic local resection (EMR, ESD) and 15

patients did not undergo surgery due to distant metastases, we

deem that many patients with LLNs metastases have been missed.

The reason may be that the preoperative LNs evaluation of R-NET

relies primarily on imaging diagnosis.

CT, especially images using a scan width of 5mm, is generally

applied as a routine approach to determine operative indications or

preoperative staging. However, it has been reported that CT is

difficult to predict LNM in R-NET patients (24). By contrast, MRI

is well known to provide higher-quality images to evaluate the

circumferential margin and detect the existence of positive LNs

than CT. However, due to economic considerations, MRI is usually

not performed in patients with R-NET who have negative LNs on

CT examination. And Liu, X., et al. mentioned CT and MRI are

less sensitive to the diagnosis of LNM, especially LLNs metastases

(3). This may be due to CT and MR relying heavily on the size of

the LNs to determine whether there are LNM. Kim, B.C., et al.

indicated the size of LNs containing metastases is highly variable,

with some being very small (6). Therefore, LNs size alone is not an

adequate predictor of tumor metastases in R-NET. Another

imaging examination, 68Ga-DOTANOC PET-CT, is a promising

tool for detecting LNM in R-NETs with high sensitivity and

specificity in visual assessment (28). However, previous studies

have reported CT and MRI as superior to octreotide scan for

detecting metastases (29, 30).

In summary, the recommended imaging examinations have

their shortcomings. In our case, we reported a patient with R-NET

who did not reveal LNM on either recommended imaging

examinations or one endoscopic examination. To the best of our

knowledge, there are no detailed reports in English about the

similar situation. Meanwhile, we provide a new method to help

surgeons accurately determine LLNs metastases during surgery,

and further perform LLND to improve the prognosis of patients.

That is, ICG fluorescence imaging is used to confirm the lymphatic

drainage of tumor tissue, and then to determine suspicious LNs.

ICG has been approved by the FDA for clinical use in humans in

1959 and since then it has been applied for a broad range of

surgical indications (31). It is a water-soluble fluorescent tracer.

After injection into the blood, most (98%) were bounded to

albumin or other carriers until bile excretion (32). The bounded

ICG remains in the blood vessels and allows real-time fluorescent

imaging of vasculature and lymphatic structures within 1 minute.

This approach has been applied to advanced middle-low rectal

cancer. Zhou, S.C., et al. reported that compared to the non-ICG

group, the ICG group had a significantly larger number of LLNs
Frontiers in Oncology 05
harvested (33). This approach has multiple advantages: First of all,

it complements the lack of LLNs metastases solely detected by

imaging by providing a more informative map of the lymphatic

structures. Secondly, it allows us to preserve more negative LNs.

Ultimately, this method is economical and easy to perform by the

surgeon intraoperatively. The important role of LNs in tumor

immunotherapy has been reported (34, 35). Therefore, our method

can accurately resect positive LLNs and retain those negative LNs

with potential immune function.

Therefore, based on the existing literature and a review of the

clinical data of R-NET in our center, we believe that applying

ICG-enhanced near-infrared fluorescence-guided imaging in

laparoscope can improve the detection of positive LLNs in

those R-NET patients who did not reveal LNM on imaging

examinations. Certainly, we still need more cases and

retrospective studies to improve evidence-based medicine and

guide clinical work more clearly.

Data availability statement

The original contributions presented in the study are

included in the article/Supplementary Material. further

inquiries can be directed to the corresponding authors.

Ethics statement

The study involving human participants was reviewed and

approved by Cancer Hospital, Chinese Academy of Medical

Sciences. Written informed consent requirements were waived

due to the retrospective character of this study.

Author contributions

ZHT and ZH contributed to conception and design of the

study. ZYY, XZ and GCY collected the clinical information of

this case report. ZYY wrote the first draft of the manuscript. ZY

wrote the pathological section of the manuscript. YY wrote the

radiological section of the manuscript. ZYY, ZY and YY

contributed equally to this work and share first authorship.

ZHT and ZH contributed to manuscript revision, read, and

approved the submitted version. All authors contributed to the

article and approved the submitted version.

Funding

This paper is supported by Development Center for Medical

Science & Technology National Health Commission of the

People’s Republic of China under grant WA2021RW13,

Chinese Academy of Medical Sciences under grant 2021-I2M-

1-010, “Oncologist Star” Talent Scheme in National Cancer

Center, the National Natural Science Foundation of China
frontiersin.org

https://doi.org/10.3389/fonc.2022.1101990
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Zhang et al. 10.3389/fonc.2022.1101990
(No. 81972311, 82141127), and the CAMS Innovation Fund for

Medical Sciences (CIFMS) (No. 2021-I2M-1-066).
Acknowledgments

The authors are grateful to Ms. Li for her help with the

preparation of figures in this paper.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Frontiers in Oncology 06
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/

fonc.2022.1101990/full#supplementary-material
References
1. Chi Y, Du F, Zhao H, Wang J.W, Cai J.Q. Characteristics and long-term
prognosis of patients with rectal neuroendocrine tumors. World J Gastroenterol
(2014) 20(43):16252–7. doi: 10.3748/wjg.v20.i43.16252

2. Akiyoshi T, Matsueda K, Hiratsuka M, Unno T, Nagata J, Nagasaki T, et al.
Indications for lateral pelvic lymph node dissection based on magnetic resonance
imaging before and after preoperative chemoradiotherapy in patients with
advanced low-rectal cancer. Ann Surg Oncol (2015) 22(Suppl 3):S614–20. doi:
10.1245/s10434-015-4565-5

3. Liu X, Wei M, Zhu Y, Wang Z. Letter to the Editor on "diagnosis and
treatment of small rectal neuroendocrine tumors with simultaneous lateral lymph
nodes metastasis". Asian J Surg (2022) 45(9):1794–6. doi: 10.1016/
j.asjsur.2022.03.104

4. Akiyoshi T, Watanabe T, Miyata S, Kotake K, Muto T, Sugihara K. Results of
a Japanese nationwide multi-institutional study on lateral pelvic lymph node
metastasis in low rectal cancer: Is it regional or distant disease? Ann Surg (2012)
255(6):1129–34. doi: 10.1097/SLA.0b013e3182565d9d

5. Akiyoshi T, Ueno M, Matsueda K, Konishi T, Fujimoto Y, Nagayama S, et al.
Selective lateral pelvic lymph node dissection in patients with advanced low rectal
cancer treated with preoperative chemoradiotherapy based on pretreatment
imaging. Ann Surg Oncol (2014) 21(1):189–96. doi: 10.1245/s10434-013-3216-y

6. Kim BC, Kim YE, Chang HJ, Lee SH, Youk EG, Lee DS, et al. Lymph node
size is not a reliable criterion for predicting nodal metastasis in rectal
neuroendocrine tumours. Colorectal Dis (2016) 18(7):O243–51. doi: 10.1111/
codi.13377

7. Fraenkel M, Kim M, Faggiano A, Herder WW, Valk GD. Incidence of
gastroenteropancreatic neuroendocrine tumours: a systematic review of the
literature. Endocr Relat Cancer (2014) 21(3):R153–63. doi: 10.1530/ERC-13-0125

8. Dasari A, Shen C, Halperin D, Zhao B, Zhou S, Xu Y, et al. Trends in the
incidence, prevalence, and survival outcomes in patients with neuroendocrine
tumors in the united states. JAMA Oncol (2017) 3(10):1335–42. doi: 10.1001/
jamaoncol.2017.0589

9. Hallet J, Law CH, Cukier M, Saskin R, Liu N, Singh S. Exploring the rising
incidence of neuroendocrine tumors: A population-based analysis of epidemiology,
metastatic presentation, and outcomes. Cancer (2015) 121(4):589–97. doi: 10.1002/
cncr.29099

10. Kulke MH, Shah MH, Benson AB, Bergsland E, Berlin JD, Blaszkowsky LS,
et al. Neuroendocrine tumors, version 1.2015. J Natl Compr Canc Netw (2015) 13
(1):78–108. doi: 10.1016/j.ctrv.2018.04.003

11. Anthony LB, Strosberg JR, Klimstra DS, Maples WJ, ODorisio TM, Warner
RR, et al. The NANETS consensus guidelines for the diagnosis and management of
gastrointestinal neuroendocrine tumors (nets): Well-differentiated nets of the distal
colon and rectum. Pancreas (2010) 39(6):767–74. doi: 10.1097/MPA.0b013
e3181ec1261

12. Ramage JK, Herder De WW, Fave Delle G, Ferolla P, Ferone D, Ito T, et al.
ENETS consensus guidelines update for colorectal neuroendocrine neoplasms.
Neuroendocrinology (2016) 103(2):139–43. doi: 10.1159/000443166
13. Kasuga A, Chino A, Uragami N, Kishihara T, Igarashi M, Fujita R, et al.
Treatment strategy for rectal carcinoids: A clinicopathological analysis of 229 cases
at a single cancer institution. J Gastroenterol Hepatol (2012) 27(12):1801–7. doi:
10.1111/j.1440-1746.2012.07218.x

14. Kusters M, Beets GL, Velde van CJ, Beets-Tan RG, Marijnen CA, Rutten HJ,
et al. A comparison between the treatment of low rectal cancer in Japan and the
Netherlands, focusing on the patterns of local recurrence. Ann Surg (2009) 249
(2):229–35. doi: 10.1097/SLA.0b013e318190a664

15. Georgiou P, Tan E, Gouvas N, Antoniou A, BrownG, Nicholls RJ, et al. Extended
lymphadenectomy versus conventional surgery for rectal cancer: Ameta-analysis. Lancet
Oncol (2009) 10(11):1053–62. doi: 10.1016/S1470-2045(09)70224-4

16. Enker WE, Pilipshen SJ, Heilweil ML, Stearns MWJ, Janov AJ, Hertz REL,
et al. En bloc pelvic lymphadenectomy and sphincter preservation in the surgical
management of rectal cancer. Ann Surg (1986) 203(4):426–33. doi: 10.1097/
00000658-198604000-00015

17. Moriya Y, Velde C, Uehara K, Kusters M. Is there any reason to still consider
lateral lymph node dissection in rectal cancer? rationale and technique. Clinics
Colon Rectal Surg (2017) 30(05):346–56. doi: 10.1055/s-0037-1606112

18. Kim JC, Takahashi K, Yu CS, Kim HC, Kim TW, Ryu MH, et al.
Comparative outcome between chemoradiotherapy and lateral pelvic lymph
node dissection following total mesorectal excision in rectal cancer. Ann Surg
(2007) 246(5):754–62. doi: 10.1097/SLA.0b013e318070d587

19. Kapiteijn E, Marijnen CA, Nagtegaal ID, Putter H, Steup WH, Wiggers T, et al.
Preoperative radiotherapy combined with total mesorectal excision for resectable rectal
cancer. N Engl J Med (2001) 345(9):638–46. doi: 10.1056/NEJMoa010580

20. Watanabe T, Muro K, Ajioka Y, Hashiguchi Y, Ito Y, Saito Y, et al. Japanese
Society for cancer of the colon and rectum (JSCCR) guidelines 2016 for the
treatment of colorectal cancer. Int J Clin Oncol (2017) 23(1):1–34. doi: 10.1007/
s10147-017-1101-6

21. Villemin FHP. Recherches anatomiques surles lymphatiques du rectum et
de l’anus: leur applications dans le traitement chirurgical du cancer. Rev Chir
(1925) p:39–80.

22. Senba Y. An anatomical study of the lymphatic system of the rectum. J
Hukuoka Med Coll (1927), 1213–68.

23. Arnaud JP, Bergamaschi R, Schloegel M, Ollier JC, Haegele P, Grob JC, et al.
Progress in the assessment of lymphatic spread in rectal cancer. Rectal endoscopic
lymphoscintigraphy. Dis Colon Rectum (1990) 33(5):398–401. doi: 10.1007/
BF02156266

24. Ushigome H, Fukunaga Y, Nagasaki T, Akiyoshi T, Konishi T, Fujimoto Y,
et al. Difficulty of predicting lymph node metastasis on CT in patients with rectal
neuroendocrine tumors. PloS One (2019) 14(2):e0211675. doi: 10.1371/
journal.pone.0211675

25. Takatsu Y, Fukunaga Y, Nagasaki T, Akiyoshi T, Konishi T, Fujimoto Y,
et al. Short- and long-term outcomes of laparoscopic total mesenteric excision for
neuroendocrine tumors of the rectum. Dis Colon Rectum (2017) 60(3):284–9. doi:
10.1097/DCR.0000000000000745
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fonc.2022.1101990/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2022.1101990/full#supplementary-material
https://doi.org/10.3748/wjg.v20.i43.16252
https://doi.org/10.1245/s10434-015-4565-5
https://doi.org/10.1016/j.asjsur.2022.03.104
https://doi.org/10.1016/j.asjsur.2022.03.104
https://doi.org/10.1097/SLA.0b013e3182565d9d
https://doi.org/10.1245/s10434-013-3216-y
https://doi.org/10.1111/codi.13377
https://doi.org/10.1111/codi.13377
https://doi.org/10.1530/ERC-13-0125
https://doi.org/10.1001/jamaoncol.2017.0589
https://doi.org/10.1001/jamaoncol.2017.0589
https://doi.org/10.1002/cncr.29099
https://doi.org/10.1002/cncr.29099
https://doi.org/10.1016/j.ctrv.2018.04.003
https://doi.org/10.1097/MPA.0b013e3181ec1261
https://doi.org/10.1097/MPA.0b013e3181ec1261
https://doi.org/10.1159/000443166
https://doi.org/10.1111/j.1440-1746.2012.07218.x
https://doi.org/10.1097/SLA.0b013e318190a664
https://doi.org/10.1016/S1470-2045(09)70224-4
https://doi.org/10.1097/00000658-198604000-00015
https://doi.org/10.1097/00000658-198604000-00015
https://doi.org/10.1055/s-0037-1606112
https://doi.org/10.1097/SLA.0b013e318070d587
https://doi.org/10.1056/NEJMoa010580
https://doi.org/10.1007/s10147-017-1101-6
https://doi.org/10.1007/s10147-017-1101-6
https://doi.org/10.1007/BF02156266
https://doi.org/10.1007/BF02156266
https://doi.org/10.1371/journal.pone.0211675
https://doi.org/10.1371/journal.pone.0211675
https://doi.org/10.1097/DCR.0000000000000745
https://doi.org/10.3389/fonc.2022.1101990
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Zhang et al. 10.3389/fonc.2022.1101990
26. Fujii Y, Kobayashi K, Kimura S, Uehara S, Miyai H, Takiguchi S, et al.
Indications for lateral lymph node dissection in patients with rectal
neuroendocrine tumors: A case report and review of the literature. Mol Clin
Oncol (2021) 14(4):80. doi: 10.3892/mco.2021.2242

27. Bertani E, Ravizza D, Milione M, Massironi S, Grana CM, Zerini D, et al.
Neuroendocrine neoplasms of rectum: A management update. Cancer Treat Rev
(2018) 66:45–55. doi: 10.1016/j.ctrv.2018.04.003

28. Zhou Z, Wang Z, Zhang B, Wu Y, Li G, Wang Z. Comparison of 68Ga-
DOTANOC and 18F-FDG PET-CT scans in the evaluation of primary tumors and
lymph node metastasis in patients with rectal neuroendocrine tumors. Front
Endocrinol (Lausanne) (2021) 12:727327. doi: 10.3389/fendo.2021.727327

29. Reidy-Lagunes DL, Gollub MJ, Saltz LB. Addition of octreotide functional
imaging to cross-sectional computed tomography or magnetic resonance imaging
for the detection of neuroendocrine tumors: Added value or an anachronism? J
Clin Oncol (2011) 29(3):e74–5. doi: 10.1200/JCO.2010.32.8559

30. Dromain C, Baere T, Baudin E, Galline J, DucreuxM, Boige V, et al. MR imaging
of hepatic metastases caused by neuroendocrine tumors: Comparing four techniques.
AJR Am J Roentgenol (2003) 180(1):121–8. doi: 10.2214/ajr.180.1.1800121
Frontiers in Oncology 07
31. Esposito C, Coppola V, Conte Del F, Cerulo M, Esposito G, Farina A, et al.
Near-infrared fluorescence imaging using indocyanine green (ICG): Emerging
applications in pediatric urology. J Pediatr Urol (2020) 16(5):700–7. doi: 10.1016/
j.jpurol.2020.07.008

32. Desmettre T, Devoisselle JM, Mordon S. Fluorescence properties and
metabolic features of indocyanine green (ICG) as related to angiography. Surv
Ophthalmol (2000) 45(1):15–27. doi: 10.1016/S0039-6257(00)00123-5

33. Zhou SC, Tian YT, Wang XW, Zhao CD, Ma S, Jiang J, et al. Application of
indocyanine green-enhanced near-infrared fluorescence-guided imaging in
laparoscopic lateral pelvic lymph node dissection for middle-low rectal cancer.
World J Gastroenterol (2019) 25(31):4502–11. doi: 10.3748/wjg.v25.i31.4502

34. van Pul KM, Fransen MF, Ven van R, Gruijl TD. Immunotherapy goes local:
The central role of lymph nodes in driving tumor infiltration and efficacy. Front
Immunol (2021) 12:643291. doi: 10.3389/fimmu.2021.643291

35. Fransen MF, Schoonderwoerd M, Knopf P, Camps MG, Hawinkels LJ,
Kneilling M, et al. Tumor-draining lymph nodes are pivotal in PD-1/PD-L1
checkpoint therapy. JCI Insight (2018) 3(23):e124507. doi: 10.1172/
jci.insight.124507
frontiersin.org

https://doi.org/10.3892/mco.2021.2242
https://doi.org/10.1016/j.ctrv.2018.04.003
https://doi.org/10.3389/fendo.2021.727327
https://doi.org/10.1200/JCO.2010.32.8559
https://doi.org/10.2214/ajr.180.1.1800121
https://doi.org/10.1016/j.jpurol.2020.07.008
https://doi.org/10.1016/j.jpurol.2020.07.008
https://doi.org/10.1016/S0039-6257(00)00123-5
https://doi.org/10.3748/wjg.v25.i31.4502
https://doi.org/10.3389/fimmu.2021.643291
https://doi.org/10.1172/jci.insight.124507
https://doi.org/10.1172/jci.insight.124507
https://doi.org/10.3389/fonc.2022.1101990
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Case report: Indocyanine green fluorescence-guided imaging in laparoscope, a more sensitive detection technique of lateral lymph nodes metastases from rectal neuroendocrine tumors
	Introduction
	Case description
	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


