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It was estimated that 70% of patients with colorectal cancer were found to have
viable exfoliated malignant cells in adjacent intestinal lumen. Exfoliated malignant
cells had been reported to implant on raw surfaces, such as polypectomy site,
anal fissure, anal fistula, hemorrhoidectomy wound, and anastomotic suture line.
Tumors at anastomosis could be classified into four groups: local recurrence,
local manifestation of widespread metastasis, metachronous carcinogenesis,
and implantation metastasis. However, all of the previous studies only reported
the phenomena of implantation metastasis at anastomosis. No study had proved
the origin of anastomotic metastasis by genomic analysis. In this study, a 43-
year-old woman presented with persistent hematochezia was diagnosed as
having severe mixed hemorrhoids. She was treated by procedure for prolapse
and hemorrhoids (PPH), without receiving preoperative colonoscopy. Two
months later, she was found to have sigmoid colon cancer by colonoscopy
due to continuous hematochezia and received radical sigmoidectomy.
Postoperative histological examination confirmed the lesion to be a
moderately differentiated adenocarcinoma (pT3N1MO). Six months later, she
presented with hematochezia again and colonoscopy revealed two tumors at
the rectal anastomosis of PPH. Both tumors were confirmed to be moderately
differentiated adenocarcinoma without lymph node and distant metastasis and
were finally removed by transanal endoscopic microsurgery (TEM). Pathological
examination, whole exome sequencing (WES), and Lineage Inference for Cancer
Heterogeneity and Evolution (LICHeE) analysis demonstrated that the two
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tumors at the rectal anastomosis were probably implantation metastases arising
from the previous sigmoid colon cancer. This is the first study to prove
implantation metastasis from colon cancer to a distal anastomosis by WES and
LICHeE analysis. Therefore, it is recommended to rule out colorectal cancer in
proximal large bowel before performing surgery with a rectal anastomosis, such
as PPH and anterior resection. For patients with a suspected implanted tumor,
WES and LICHeE could be used to differentiate implantation metastasis from

metachronous carcinogenesis.

KEYWORDS

implantation metastasis, colorectal cancer, anastomosis, suture line, whole exome
sequencing, procedure for prolapse and hemorrhoids

Introduction

Colorectal cancer (CRC) is one of the most common
malignancies worldwide. CRC can be spread by direct
extension, lymphatic and blood vasculature, and intra-
abdominal/transperitoneal spread (1). Implantation metastasis
of exfoliated cancer cells on the impaired mucosa of distal bowel
had been reported to be another rare way of metastasis. It was
estimated that 70% of patients with CRC were found to have
viable, exfoliated malignant cells in the proximal and distal
lumen adjacent to the tumor (2, 3). Exfoliated malignant cells
were reported to implant on raw surfaces, such as polypectomy
site (4-6), endoscopic biopsy site (7), wound of anal fissure (8),
track of anal fistula (9-11), hemorrhoidectomy scar (1, 12, 13),
perianal skin (14, 15), and hook insertion site of Lone Star
retractors (16). Implanted metastasis had also been reported in
colorectal stapled suture line (17), and it may lead to
anastomotic recurrence (18-20). Several studies had reported
cases of anastomotic recurrence in patients with CRC treated by
stapled anastomosis (21-24). For tumors at anastomosis, they
could be classified into four groups: local recurrence, local
manifestation of widespread metastasis, metachronous
carcinogenesis, and implantation metastasis (25). Possible
causes of anastomotic recurrence included positive resection
margin, inadequate lymph node dissection, implantation of
exfoliated cancer cells (26), germline mutation of susceptibility
gene of CRC, and altered biological features of the suture line
(25). Anastomotic proliferative instability caused by suture
materials (e.g., staples) had been reported to promote the
engraftment of exfoliated tumor cells (27, 28). The differential
diagnosis of anastomotic tumor is very important, since the
treatment plan and prognosis vary greatly (25). However, all of
the previous studies only reported the phenomena of
implantation metastasis. No study yet provided strong
evidence to clarify the origin of metastasis from the molecular
point. In theory, genomic analysis and comparative study of the
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original and anastomotic tumor could help us demonstrate true
implantation metastasis (5, 22). This study aims to differentiate
implantation metastasis from metachronous carcinogenesis with
whole exome sequencing (WES) and Lineage Inference for
Cancer Heterogeneity and Evolution (LICHeE) analysis.

Case presentation

A 43-year-old woman presented with persistent hematochezia.
She did not have special history of medical, psychosocial and
hereditary disease, relevant past interventions, and family history
of cancer. No obvious mass was palpated on digital rectal
examination. Preoperative colonoscopy was recommended but
refused by the patient. She was diagnosed as having severe mixed
hemorrhoids and treated by procedure for prolapse and
hemorrhoids (PPH) on 7 July 2018 at a local hospital.
Unfortunately, hematochezia continued after PPH, and the
patient visited our hospital approximately 2 months after PPH.
Colonoscopy (1 September 2018) revealed an ulcerative mass in the
sigmoid colon (approximately 20 cm from the anal verge), which
was confirmed to be adenocarcinoma on biopsy-based pathological
examination. The rectal anastomosis performed during PPH had
healed well, and no obvious abnormality was identified at the site of
rectal anastomosis under colonoscopy. The patient underwent
radical sigmoidectomy on 9 September 2018. Postoperative
histological examination confirmed the lesion to be a moderately
differentiated adenocarcinoma (pT3N1MO). She underwent 6 cycles
of adjuvant chemotherapy (CAPEOX: oxaliplatin 130 mg/m* IV
day 1, capecitabine 10,00 mg/m?” twice daily PO for 14 days, repeat
every 3 weeks) from 9 October 2018 to 23 February 2019.
Furthermore, she was followed up regularly at our hospital. Six
months after radical excision, she presented with hematochezia
again. Flexible colonoscopy (9 March 2019) revealed two tumors at
the rectal anastomosis of PPH (Figure 1); the sigmoid anastomosis
and remaining colorectal mucosa appeared to have normal results.
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FIGURE 1

10.3389/fonc.2022.930715

Flexible colonoscopy revealed the two tumors at the rectal anastomosis site of PPH. One tumor was indicated by a red circle, and the other
tumor was indicated by a blue circle. (A-C): bright light image; (D—F): narrow band image; follow-up colonoscopy performed at 1 month

(G), 3 months (H), and 8 months (I) after TEM

Both tumors at the site of rectal anastomosis were confirmed to be
moderately differentiated adenocarcinoma on biopsy-based
pathological examination. Lymph node involvement and distant
metastasis were excluded by chest CT scan and liver and pelvic
contrast MRI. After a careful and thorough discussion between the
surgeons and patient, the last two cycles of the planned 8 cycles of
chemotherapy were canceled to deal with the latest emerging rectal
tumors. The two rectal tumors were removed by transanal
endoscopic microsurgery (TEM) on 11 April 2019. Follow-up
colonoscopy was performed at 1, 3, and 8 months and 2 years
after TEM (Figures 1G-I). The patient was last followed up on 26
April 2022 by telephone interview, and she had remained disease-
free (without local recurrence or distant metastasis) for 3 years after
TEM. The timeline of important events, treatment, and follow up is
shown in Figure 2.

To explore whether these two rectal tumors (R1 and R2
tumor) were implantation metastases originating from the
sigmoid colon carcinoma (S tumor), peripheral blood of the
patient and formalin-fixed paraffin-embedded specimens of
the three tumors were obtained and analyzed by WES. LICHeE
analysis is a well-accepted combinatorial algorithm designed to
reconstruct multi-sample cell lineage trees and infer the
subclonal composition of the given samples based on variant
allele frequencies of single-nucleotide variants (29-31).
Therefore, LICHeE analysis was used to assess the diversity
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using single-nucleotide variants obtained from the three tumor
tissues (Figure 3A) and showed that the Rl and R2 tumors
were probably implantation metastases arising from the
S tumor (Figure 3B).

Discussion

Implantation metastasis of CRC to a distal anastomosis
suture line is a rare situation, which has not yet been proved
in the published literature by genomic analysis. To the best of
our knowledge, this is the first study to prove the implantation
metastasis of CRC to rectal anastomosis by comprehensive
analysis, including pathological examination, WES, and
LICHeE analysis. Differential diagnosis between implantation
metastasis and metachronous carcinogenesis is very important,
since treatment plan and prognosis vary greatly. In this case, the
mucosa between the rectal anastomosis and sigmoid
anastomosis was normal under colonoscopy; postoperative
pathological examination showed that the sigmoid colon
cancer and the two tumors at rectal anastomosis have similar
histology; all of them were moderately differentiated
adenocarcinoma. In addition, lymph node and distant
metastasis were excluded. These above clinicopathological
features indicated that the two anastomotic tumors probably
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The timeline of important events, treatment, and follow up.
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originated from the sigmoid colon cancer. However, all of this
evidence is only supportive, not conclusive. The best available
method to prove the relationship between two tumors is WES
and comparative study with LICHeE analysis, but it is time-
consuming and very expensive. For these reasons, none of the
published case reports of implantation metastasis had been
proved by WES and LICHeE analysis.

FIGURE 3

LICHeE analysis was used to assess the diversity using single-nucleotide variants in the three tumor tissues. (A) Each circle indicates a clone. The
arrow indicates evolutionary direction. The number in the circle indicates the number of variants. GL indicates germline mutations, representing
healthy tissues. Colors in squares indicate compositions of clones. Samples sharing common clones in the early stage indicate the presence of
metastasis. (B) Color bar on the left: each color bar represents a clone, and the length of the color bar represents the number of variants. Color
line on the right: the root (red) represents healthy tissues, and the end represents tumor tissues. Tissue with common variants indicates the

presence of metastasis.
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It has been demonstrated that viable exfoliated cancer cells
presented within the bowel lumen both proximal and distal to the
CRC mass (12). Operation manipulation, and the transportation
of intestinal content over an ulcerative tumor, may promote
cancer cell shedding from the primary tumor and entering the
bowel cavity (32). Intact mucosa is highly resistant to tumor cell
implantation, and the exfoliated tumor cells cannot implant on
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normal colorectal mucosa. Instead, they can only implant on open
wounds or ulcerated areas (8, 33). Many studies had noticed viable
cancer cells in colonic irrigation solution and stapler, and staplers
can promote the implantation and growth of viable cancer cells
(19). Exfoliated cells may proliferate along the anastomotic site,
leading to an implanted tumor. There are two possibilities about
the timing of implantation metastasis in this case. First, the
implantation metastasis at the anastomosis site may have
already occurred shortly after PPH, before sigmoidectomy. The
sigmoid colon cancer in this case is an ulcerative mass. Tumor
cells may shed from the ulcerative mass, disperse into the lumen,
and eventually lead to implantation metastasis at rectal
anastomosis. At the time of sigmoidectomy (2 months after
PPH), the lesions of implantation metastasis were probably too
small to be observed at the well-healed rectal anastomosis under
colonoscopy, and they grew larger gradually thereafter. Second,
the implantation metastasis may occur at or after sigmoidectomy.
Tumor mobilization during sigmoidectomy may cause exfoliation
of cancer cells. The rectal anastomoses have probably healed at
2 months after PPH, but the inflammatory response at the
anastomosis may also promote cancer cell growth and lead to
implantation metastasis at the anastomosis (11).

Due to the rarity of implantation metastasis at the rectal
anastomosis, there is no well-established operation. Several
operative procedures had been reported in the literature,
including local excision, abdominoperineal resection, and
anterior resection with anorectal anastomosis (19). In this
case, the two anastomotic tumors were proved to be local
lesions without lymph node or distant metastasis, so the TEM
was selected. At 2 years after TEM, no local recurrence and
metastasis were identified, which means that implantation
metastases have been cured by TEM. Therefore, TEM and
careful monitoring may be adequate for some patients with
implantation metastasis at the rectal anastomosis. In order to
reduce the incidence of implantation metastasis, the following
measures should be considered to control intraluminal
dissemination of cancer cells: ligatures of the lumen proximal
and distal to the tumor prior to mobilization; thorough
irrigation of the bowel lumen with povidone iodine; and
washing of the intestinal cavity of distal large bowel with
chlorhexidine-cetrimide before cutting the intestine (3, 12,
19, 32). In addition, it should be cautious to perform
hemorrhoidectomy or endoscopic excision of colorectal
polyps before the removal of CRC, due to the potential
increased risk of implantation metastasis to the fresh
polypectomy site.

Conclusion

This is the first study to prove the implantation metastasis of
CRC to rectal anastomosis by WES and LICHeE analysis. This case
highlights the catastrophic consequence of tumor implantation to a
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distal rectal anastomosis after radical excision of colon cancer.
Therefore, it is recommended to rule out CRC in proximal large
bowel before performing surgery with a rectal anastomosis, such as
PPH for hemorrhoids and anterior resection for rectal cancer. Once
the diagnosis of CRC is confirmed, hemorrhoidectomy (especially
PPH) should not be performed until the removal of CRC. Similarly,
for patients with a confirmed diagnosis of CRC, a complete
colonoscopy is still required to rule out another synchronous
CRC in the proximal colon. If the colonoscope cannot pass
through the lumen of the tumor site, a careful intraoperative
exploration of the unchecked proximal colon is suggested to rule
out a second tumor. Otherwise, the exfoliated malignant cells of the
proximal tumor may implant at distal anastomosis. For patients
with a suspected implanted tumor, WES and LICHeE could be used
to differentiate implantation metastasis from metachronous
carcinogenesis. Furthermore, TEM could be a reasonable and
curative operation for rectal implanted tumor limited within the
intestine wall.
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