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Abstract
BACKGROUND
Based on the breakthrough of genomics analysis, The Cancer Genome Atlas
Research Group recently proposed an integrative genomic analysis, dividing
gastric cancer (GC) into four subtypes, characterized by the chromosomal
instability (CIN) status. However, the CIN status of GC is still vaguely
characterized and lacking the valuable easy-to-use CIN markers to diagnosis in
molecular and histological detection.

WJGO https://www.wjgnet.com March 15, 2019 Volume 11 Issue 3181

https://www.wjgnet.com
https://dx.doi.org/10.4251/wjgo.v11.i3.181
http://orcid.org/0000-0003-4158-5079
http://orcid.org/0000-0002-1830-9466
http://orcid.org/0000-0002-9214-2801
http://orcid.org/0000-0003-1439-0874
http://orcid.org/0000-0003-0148-9488
http://orcid.org/0000-0002-2697-4757
http://orcid.org/0000-0002-4677-9000
http://orcid.org/0000-0002-2722-0164
http://orcid.org/0000-0003-2006-133X
http://orcid.org/0000-0001-7246-1058
mailto:giginlin@cgmh.org.tw


conflict of interest.

Open-Access: This article is an
open-access article which was
selected by an in-house editor and
fully peer-reviewed by external
reviewers. It is distributed in
accordance with the Creative
Commons Attribution Non
Commercial (CC BY-NC 4.0)
license, which permits others to
distribute, remix, adapt, build
upon this work non-commercially,
and license their derivative works
on different terms, provided the
original work is properly cited and
the use is non-commercial. See:
http://creativecommons.org/licen
ses/by-nc/4.0/

Manuscript source: Unsolicited
manuscript

Received: November 15, 2018
Peer-review started: November 15,
2018
First decision: December 7, 2018
Revised: December 17, 2018
Accepted: December 23, 2018
Article in press: December 24, 2018
Published online: March 15, 2019

AIM
To explore the associations of CIN with downstream lipidomics profiles.

METHODS
We collected cancerous and noncancerous tissue samples from 18 patients with
GC; the samples were divided into CIN and non-CIN types based on the system
of The Cancer Genome Atlas Research Group and 409 sequenced oncogenes and
tumor suppressor genes. We identified the lipidomics profiles of the GC samples
and samples of their adjacent noncancerous tissues by using liquid
chromatography–mass spectrometry. Furthermore, we selected leading
metabolites based on variable importance in projection scores of > 1.0 and P <
0.05.

RESULTS
Twelve men and six women participated in this study; the participants had a
median age of 67.5 years (range, 52–87 years) and were divided into CIN (n = 9)
and non-CIN (n = 9) groups. The GC samples exhibited distinct profiles of
lysophosphocholine, phosphocholine, phosphatidylethanolamine,
phosphatidylinositol, phosphoserine, sphingomyelin, ceramide, and triglycerides
compared with their adjacent noncancerous tissues. The glycerophospholipid
levels (phosphocholine, phosphatidylethanolamine, and phosphatidylinositol)
were 1.4- to 2.3-times higher in the CIN group compared with the non-CIN group
(P < 0.05). Alterations in the glycerolipid and glycerophospholipid pathways
indicated progression of GC toward CIN.

CONCLUSION
The lipidomics profiles of GC samples were distinct from those of their adjacent
noncancerous tissues. CIN status of GC is primarily associated with downstream
lipidomics in the glycerophospholipid pathway.

Key words: Chromosomal instability; Gastric cancer; Glycerophospholipids;
Metabolomics; Lipidomics profile

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: We investigated the correlation between comprehensive lipidomic profiles of
gastric cancer and the tumor’s chromosomal instability (CIN) status. In this disease
landscape study, which involved no pre-specified hypotheses, we combined a gene
molecule classification method with a lipidomic method to discover metabolic
information for accurate tumor classification. CIN-status-based lipidomics profiling
demonstrated translational potential for biomarker discovery and development of novel
therapeutic strategies.

Citation: Hung CY, Yeh TS, Tsai CK, Wu RC, Lai YC, Chiang MH, Lu KY, Lin CN, Cheng
ML, Lin G. Glycerophospholipids pathways and chromosomal instability in gastric cancer:
Global lipidomics analysis. World J Gastrointest Oncol 2019; 11(3): 181-194
URL: https://www.wjgnet.com/1948-5204/full/v11/i3/181.htm
DOI: https://dx.doi.org/10.4251/wjgo.v11.i3.181

INTRODUCTION
Gastric cancer (GC) is traditionally subdivided into intestinal, diffuse, and mixed
types according to Lauren classification based on histopathology[1,2]. Although widely
used,  the  Lauren  classification  system does  not  provide  precise  information  on
treatments  suitable  for  individual  patients,  and  selecting  a  subtype-optimized
therapeutic approach can be difficult[2]. Recently, The Cancer Genome Atlas (TCGA)
Research Group proposed an integrative genomic analysis method, namely dividing
GC  into  four  subtypes—Epstein  Barr  Virus  positive,  microsatellite  unstable,
chromosomally instable, and genomically stable[3] - on the basis of gene expression
profiling  of  exome  sequences,  copy-number  alterations,  gene  expression,  DNA
methylation, and protein activity[2-4].  However, the chromosomal instability (CIN)
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status of GC is still characterized only vaguely and lacks valuable and user-friendly
markers for diagnosis in molecular and histological detection[5].

Metabolomics—the study of results of interaction between the biosystem’s genome
and its environment and the detection of end products of gene expression - offers
opportunities  to  understand  complex  molecular  mechanisms  and  identify  the
diagnostic biomarkers of human GC[4,6]. Previous metabolomics studies based on mass
spectrometry (MS) and nuclear magnetic resonance systems have been limited to
focusing on water-soluble compounds and volatile metabolites[7-10]. Lipid metabolites
have  several  pivotal  functions,  including  energy  storage,  modulation  of  cell
membranes, the formation of “fat-soluble” vitamins, cellular massage, and hormonal
regulation[11], and they thus warrant further research. Furthermore, increased de novo
lipogenesis is frequently associated with the development of many cancer types[12]. For
example, the lipid content of phospholipids could compromise membrane fluidity
and signal transduction and in turn affect tumorigenesis and GC progression[13]. In
addition, perturbation of lipid metabolism contributes to cancer progression through
detection of dysregulated core enzyme activity in lipid pathways and global lipid
metabolic alterations in cancer metastasis[14,15]. Global lipidomics analysis using liquid
chromatography–MS (LC/MS) provides the most detailed detection and qualification
of cellular lipids in systems biology. To the best of our knowledge, no prior studies
have exploited the links between CIN and non-CIN status in GC and lipid alteration
by using the lipidomics approach.

The present study hypothesized that lipidomic alternations reflect the CIN or non-
CIN status of GC. Through global lipidomics profiling using LC/MS, we explored the
correlation between lipidomic metabolites and the CIN status of GC.

MATERIALS AND METHODS

Patient and Histopathology
The Institutional Review Board approved this prospective study (IRB103-7448B).
Informed consent to screen patient enrollment was provided by a tertiary referral
center with a GC-dedicated interdisciplinary team, and tissue samples were obtained
from Chang Gung Memorial Hospital in Linkou, Taiwan. We screened a continuous
cohort of patients with GC from May 2015 to April 2017. The inclusion criteria were
(1) histologically confirmed GC with surgical resection; and (2) age of 20–80 years.
The exclusion criteria were (1) receipt of neoadjuvant therapy before surgery; (2)
tumor smaller than 1 cm in computed tomography images; (3) prior gastric surgery;
(4) anti-Helicobacter pylori eradication therapy; and (5) receipt of nonsteroidal anti-
inflammatory drugs within the 1 week prior to surgery[16]. We used 18 primary GC
tissue samples for genomic analysis and re-evaluated the pathological diagnoses and
histological Lauren classifications of all tumors, with samples from their adjacent
noncancerous tissues as controls.

Genomic analysis
The tumor samples were divided into CIN or non-CIN by using TCGA system. We
extracted genomic DNA from formalin-fixed paraffin-embedded tumor samples by
using the QIAamp DNA FFPE Tissue Kit (Qiagen, Hilden, Germany) and quantified
the DNA by using the Quant-iT dsDNA High-Sensitivity Assay Kit (Invitrogen, USA).
In  total,  409  leading  oncogenes  and  tumor  suppressor  genes  in  GC tissue  were
sequenced; the protocol for TCGA analysis was detailed in our previous study[16]. The
present study classified patients with GC based on high and low proportions of
alteration genes.

Lipidomic metabolite extraction
Tumor tissue samples of similar weight were extracted from the organic layer through
Folch extraction and analyzed using an LC/MS system for lipidomic analysis.  A
modified  version  of  Folch’s  method  was  employed[17].  In  brief,  we  transferred
approximately 50 mg of homogenized tissue into a glass tube and then added 6 mL of
chloroform/methanol  (2:1,  v/v)  solution  and 1.5  mL of  water.  The  sample  was
vortexed four times for 30 s each and then centrifuged at 8000 rpm for 30 min at 4 °C.
The lower phase (hydrophobic phase and lipid layer) was transferred to new glass
tubes and then dried using nitrogen gas.  We stored the dried samples at −80 °C.
Before analysis, the sample was dissolved in isopropanol/acetonitrile/water (2:1:1,
V/V/V) through vortexing (four times for 30 s each) and centrifugation (12000 rpm
for 20 min at 4 °C). Subsequently, the supernatant was transferred to vials for LC/MS
analysis.

Global analysis of lipidomic metabolites by LC-TOF-MS
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We performed liquid chromatographic separation on an ACQUITY CSH C18 column
(2.1 × 100 mm, 1.7 μm; Waters Co.) at a constant temperature of 55 °C by using the
ACQUITY  UltraPerformance  LC  system  (Waters  MS  Technologies,  UK).  For
metabolite profiling, mobile phase A was acetonitrile/water (60:40, v/v) and mobile
phase  B  was  isopropanol/acetonitrile  (90:10,  v/v);  both  phases  were  solvents
containing 10 mM ammonium formate and 0.1% formic acid. The flow rate was 0.4
mL/min with a time-resolved solvent gradient[18]. We performed MS analysis by using
Waters time-of-flight (TOF)–MS (SYNAPT HDMS; Waters MS Technologies,  UK)
operated in electrospray ionization (ESI)-positive (ESI+) and ESI-negative (ESI−) ion
modes. We set the capillary and cone voltage at 2700 V (2000 V in ESI− mode) and 35
V, respectively. The desolvation gas flow rate was 800 L/h, maintained at 25 L/h. The
desolvation  and source  temperatures  were  400  °C and 100  °C,  respectively.  We
acquired MS data in centroid mode within 20 to 990 m/z at a rate of 10 scans/s.
Leucine–enkephalin served as a reference compound. The LockSpray frequency was
set at 0.5 s and averaged over 10 scans for correction. We performed three technical
replicates for tissue samples in both ESI+ and ESI− modes.

Data processing and statistical analysis
We analyzed the lipidomic metabolites of the GC samples and their surrounding
adjacent noncancerous tissues by using LC/TOF/MS with an untargeted metabolic
approach  to  screen  all  potential  biomarkers  according  to  the  application  notes
database (Waters, Milford, MA, USA)[19]. All MS data, namely retention times, m/z,
and ion intensities, were extracted using MarkerLynx XS software (Waters) and then
input to a matrix. Subsequently, the data were analyzed using orthogonal projections
to latent structures discriminant analysis (OPLS-DA) run through SIMCA-P+ (version
13.0, Umetrics) with Pareto scaling. The variable importance in projection (VIP) score
of each metabolite indicated a metabolite’s contribution to the model. In this analysis,
VIP  >  1.0  and  P  <  0.05  were  considered  significant.  In  addition,  we  evaluated
diagnostic performance by analyzing receiver operating characteristic curves with
95%  confidence  intervals;  the  areas  under  these  curves  were  calculated  using
MetaboAnalyst 4.0[20].

Metabolite identification
Lipids are composed of fats, oils, waxes, and sterols. As demonstrated by the LIPID
MAPS classification system, lipids are broadly divided into eight categories: fatty
acyls, glycerolipids, glycerophospholipids, sphingolipids, sterol lipids, prenol lipids,
saccharolipids, and polyketides[21]. Significant metabolites were sought in the Human
Metabolome Database (www.hmdb.ca) and confirmed using in-house data (standards
based on retention times and MS spectra). Candidates for LC/MS/MS analysis were
confirmed according to chemical standards, the METLIN database[22], or LIPID MAPS
database [21 ],  depending  on  the  m/z  results  for  daughter  fragments  under
chromatographic conditions identical to those of the profiling experiment. The sn-
positions of fatty acids on the glycerol backbones of lipids were not identified in this
study.

RESULTS

Patient demographics
In total, 18 patients with GC enrolled in this study (median age, 67.5 years; range,
52–87 years) and were divided into CIN (n = 9) and non-CIN (n = 9) groups by using a
5% frequency of genetic variation as the demarcation point; no marked differences in
demographics were observed (Table 1). In this study, 85.7% of the Lauren intestinal-
type tumors (6/7) belonged to the CIN GC group and all of the Lauren diffuse-type
tumors belonged to the non-CIN GC group. Lauren mixed-type tumors belonged to
both  the  CIN  (50%)  and  non-CIN  (50%)  groups.  The  intestinal-type  tumors
demonstrated a high alteration rate of 92.2% (377 genes), particularly those with copy-
number changes; by contrast, the diffuse-type tumors exhibited a low alteration rate
of 8.56% (35 genes).

Lipidomic profiling of GC tumors vs adjacent non-cancerous tissues
Figure 1  shows the representative MS spectra  for  both ESI  modes.  We observed
significant changes in the lysoglycerophospholipid, GP, and triglyceride (TG) regions
in the ESI+ mode and in the lysoglycerophospholipid, GP, and SP regions in the ESI−
mode. After calculating data matrices by using MarkerLynx XS and exporting them to
SIMCA-P+ software, we obtained 1374 variables (loadings) in the ESI+ mode and 539
variables  in  the  ESI−  mode.  Four  significant  clusters  between tumors  and their
adjacent noncancerous tissues were detected in both modes by using OPLS-DA (R2X
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Table 1  Clinical characteristics of the study

Term
TCGA system

CIN Non-CIN

Number 9 9

Age (median yr, range) 68.1 (56-79) 66.9 (52-87)

Sex (male/female) 7/2 5/4

Size (cm) 4.0 (1.8-6.9) 5.4 (2.3-11.6)

Lauren's classification

Intestinal type 6 1

Diffuse type 0 5

Mixed type 3 3

Stage

I 1 0

II 2 2

III 5 6

IV 1 1

TCGA: The Cancer Genome Atlas; CIN: Chromosomal instability.

= 0.844, R2Y = 0.89, and Q2 = 0.747 in ESI+ mode; R2X = 0.815, R2Y = 0.841, and Q2 =
0.603 in ESI- mode), as illustrated in Figure 2. These clusters were divided into tumor
samples with CIN status, tumor samples with non-CIN status, adjacent noncancerous
tissues with CIN status, and adjacent noncancerous tissues with non-CIN status.

Loading plots of  the OPLS-DA and VIP scores were used to identify potential
diagnostic markers in GC tissues. Significant metabolite differences between tumors
and their adjacent noncancerous tissues were identified by VIP ≥ 1.0 and P < 0.05 and
divided into lysophosphocholine (LysoPC),  phosphocholine (PC),  phosphatidyl-
ethanolamine (PE), phosphatidylinositol (PI), phosphoserine (PS), sphingomyelin
(SM), ceramide, and TG in both ESI modes (Table 2). Compared with their adjacent
noncancerous tissues, the GC samples exhibited higher levels of PC and SM but lower
levels of PE and TG (all P < 0.05). We observed no lipid species that were present in
only one group. All  of the metabolites observed in this study exhibited dynamic
differences between tumors and their adjacent noncancerous tissues.

Lipidomic alterations of CIN vs non-CIN GC tumors
The data matrices were further exported for OPLS-DA in both ESI modes to show the
lipid  difference  between  CIN and non-CIN status  within  the  GC samples.  Two
significant clusters are illustrated in Figure 3 (R2X = 0.79, R2Y = 0.988, and Q2 = 0.874
in ESI+ mode; R2X = 0.71, R2Y = 0.914, and Q2 = 0.694 in ESI− mode). This pattern
suggests that the divergence of the OPLS-DA distribution was dependent on the CIN
status  with  goodness  of  fit.  Based on the  loading plots  of  OPLS-DA,  significant
differences between the CIN and non-CIN GC samples were filtered by VIP ≥ 1.0 and
P < 0.05 and divided into PC, PE, PI, SM, and diglycerides (DG) in both ESI modes
(Table 3). No lipid species were present in only one group. The levels of almost all
lipid species were different in the CIN tumors and exhibited higher intensity in the
CIN tumors than in the non-CIN tumors, except for DG (38:4) and SM (d18:1/18:0) (all
P  <  0.05).  Compared  with  the  non-CIN  group,  GP  levels  (PC,  PE,  and  PI)
demonstrated were 1.4- to 2.3-times higher in the CIN group (P < 0.05). We observed
alteration of the lipid metabolism for both GC status and CIN status in the GL, GP,
and SL pathways.  We also  observed changes  in  lipid  species  in  the  GL and GP
pathways in the CIN analysis only; these findings are shown in Figure 4.

The  predictive  PLS-DA  model  based  on  the  significant  candidates  (Table  3)
demonstrated good differentiation  between the  CIN and non-CIN groups,  with
sensitivity of 0.852, specificity of 0.703, and an area under the curve of 0.906 (Figure 5).

DISCUSSION
We found that several lipid species primarily affected the grouping of the GC samples
and their adjacent noncancerous tissues; markedly higher levels of PC and SM and
lower levels of PE and TG were detected in the GC samples, as shown in Figure 4.
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Figure 1

Figure 1  Different lipidomic profiling of gastric cancer tissues based on liquid chromatography/mass spectrometry analysis. A: Electrospray ionization (ESI)
positive modes; B: ESI negative modes. Base peak chromatograms of the gastric cancer samples are shown from the different groups. Red represents for the gastric
cancer tissues (NO. 38); Black represents for the adjacent non-cancerous tissues as a control.

Alterations in lipid species discovered in the GL, GP, and SL pathways of the GC
samples are marked in black. Few studies have examined the differing roles of lipid
metabolomics in cancerous and noncancerous samples[6,23,24]. Abbassi-Ghadi et al[24]

reviewed several metabolites of glycolysis,  the tricarboxylic acid cycle,  and lipid
metabolism and suggested them to be biomarkers of esophagogastric cancers. Our
findings on alterations in TG are supported by the higher prevalence of an olefinic
group in noncancerous gastric spheroids at 5.29 ppm, detected using 1H nuclear
magnetic resonance, compared with cancerous gastric spheroids[25].  Huang et al[26]

reported the products of SL metabolism, including SM and ceramide, which act as
bioactive molecules regulating cell survival and proliferation in apoptosis. In the
present  study,  we observed dynamic  differences  in  several  SM species  between
tumors and their adjacent noncancerous tissues. The elevated PC level in cancerous
tissue  might  have  been  related  to  overexpression  of  lysophosphatidylcholine
acyltransferase 1[13]. Moreover, the lower level of LysoPC (16:0) observed in this study
resulted  from  conversion  of  LysoPC  into  PC  due  to  lysophosphatidylcholine
acyltransferase 1 protein activity[13].

We further identified the undisclosed correlation between lipidomic profiling of
GC and CIN status. We classified lipid alterations between the CIN and non-CIN GC
samples into PC, PE, PI, SM (d18:1/18:0), and DG (38:4). Significant differences in CIN
status were observed in the GP (PC, PE, and PI) category alongside various fatty acyl
chain lengths and the degree of saturation in the fatty acyl chain in our findings. The
features of CIN status are common p53 mutation and frequent activation of genomic
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Figure 2

Figure 2  Lipidomic distribution of gastric cancer tumor and the surrounding non-cancerous tissue were detected under electrospray ionization + and -
mode with the orthogonal projections to latent structures discriminant analysis statistical method. A: Electrospray ionization (ESI) +; B: ESI-. OPLS-DA:
Orthogonal projections to latent structures discriminant analysis.

amplification,  which encodes the receptor  tyrosine kinase  pathway[5].  Mitogenic
signaling  conducted  by  growth  factors  regulates  aberrant  cell  growth  and
proliferation, which are involved in the activation of numerous lipid-metabolism-
related enzymes[26].  Genetic alterations and enzyme activity in lipid perturbation
accumulate over time, resulting in severe changes in lipid metabolism and ultimately
leading to tumor formation in CIN tissues[27]. Dysregulation of GP metabolism has
previously been described in various cancers[15,28]. Luo et al[15] reviewed the emerging
role of lipid metabolism in cancer metastasis and revealed higher levels of PS, PI and
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Table 2  Compound list (n = 32) of the significant changes between tumor and normal group
using electrospray ionization positive and negative modes

Catalog Putative ID RT (min) m/z Adduct ion VIP FC

TG TG(54:3) 15.6 902.8202 [M+NH4]
+ 2.3 0.5

TG(52:4) 15.1 872.7729 [M+NH4]
+ 3.2 0.4

TG(52:2) 15.6 876.8048 [M+NH4]
+ 3.2 0.5

TG(50:3) 15.0 846.7568 [M+NH4]
+ 2.9 0.3

TG(50:2) 15.3 848.7722 [M+NH4]
+ 3.3 0.4

SM SM(d18:1/24:0) 13.3 815.7015 [M+H]+ 1.6 1.3

SM(d18:1/18:0) 7.1 775.5980 [M+FA-H]- 1.7 0.7

SM(d18:0/22:0) 9.9 811.6627 [M+H]+ 2.1 1.3

SM(d18:0/16:0) 6.0 705.5912 [M+H]+ 1.0 1.4

PS PS(P-18:0/22:6) 9.2 818.5336 [M-H]- 1.0 0.7

PI PI(22:3/16:0) 6.1 887.5682 [M-H]- 1.4 1.9

PI(20:4/16:0) 4.2 857.5202 [M-H]- 1.4 0.6

PI(16:0/18:2) 4.4 833.520 [M-H]- 3.0 0.8

PE PE(P-18:1/20:4) 7.1 748.5279 [M-H]- 2.5 0.7

PE(P-18:0/18:2) 9.7 726.5437 [M-H]- 2.5 1.7

PE(P-16:0/18:2) 7.3 698.5117 [M-H]- 4.0 1.9

PE(20:4/16:0) 6.2 740.5237 [M+H]+ 3.6 0.4

PE(18:2/18:1) 6.6 740.5221 [M-H]- 2.3 0.4

PE(18:2/16:0) 6.4 714.5061 [M-H]- 2.2 0.4

PE(18:1/18:1) 8.2 742.5385 [M-H]- 2.4 0.6

PC PC(38:4) 6.4 810.6034 [M+H]+ 2.6 1.7

PC(34:3) 4.8 756.5561 [M+H]+ 14.2 1.5

PC(30:0) 5.5 706.5394 [M+H]+ 2.9 2.4

PC(18:2/16:0) 6.0 758.5702 [M+H]+ 3.0 0.6

PC(18:0/20:3) 8.6 812.6191 [M+H]+ 3.3 3.6

PC(18:0/18:1) 9.8 832.6090 [M+FA-H]- 7.9 1.3

PC (16:1/16:0) 5.6 776.5467 [M+FA-H]- 1.2 2.0

PC (16:0/16:0) 7.3 734.5717 [M+H]+ 1.5 1.4

LysoPC LysoPC (16:0) 1.2 496.3395 [M+H]+ 3.1 0.7

Ceramide Cer (d18:1/24:0) 13.9 694.6341 [M+FA-H]- 1.6 1.6

carnitine Linoleyl carnitine (C18:2) 1.0 424.3408 [M+H]+ 1.2 0.6

Oleoyl carnitine (C18:1) 1.2 426.3560 [M+H]+ 1.1 0.8

All  P  value  <  0.05.  The  protonated  [M+H]+  and  anionized  adduct  [M+NH4]+  in  positive  mode,  and
deprotonated  [M-H]-  and  formic  acid  adduct  [M+FA-H]-  in  negative  ion  mode.  FC:  Fold  changes
(tumor/normal);  LyPC: Lysophosphocholine; PC: Phosphocholine; PE: Phosphatidylethanolamine; SM:
Sphingomyelin; PI: Phosphoinositol; TG: Triglyceride; VIP: Variable importance in projection.

PC in metastatic groups than in noncancerous cells. Several core enzymes involved in
the  GP  pathway  might  directly  or  indirectly  regulate  downstream  biochemical
alterations. Furthermore, Tsai et al[16] reported higher levels of PC in CIN samples after
hydrophilic analysis. In our findings, CIN tumors contained significantly higher levels
of PC (i.e., PC-containing lipids) than did non-CIN tumors; this finding facilitated
discrimination between CIN and non-CIN status in lipidomic profiling,  and this
supports their results. Lipidomics analysis can provide further insight into other lipid
classes. We provided evidence of the difference in the DG (38:4) level of CIN status,
which could be affected by the activity of phosphatidic acid phosphatase—which is
encoded by a family of genes named lipins—and dephosphorylate of phosphatidic
acid to form diglycerides[15].

From the perspective of molecular biology, identification of genetic and epigenetic
prognostic biomarkers in various cancers contributes to identification of potential
therapeutic  targets  by upregulating genes  in  cancer  tissues[29].  Potential  roles  of
lipidomics identified by TCGA classification of genomic analysis facilitate diagnosis
and surveillance  of  GC[3,23].  Metabolic  phenotypes  result  from a  combination  of
genomic, transcriptomic, and proteomic conditions and their interactions with the
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Table 3  Compound list (n = 17) of the significant changes between chromosomal instability and
non-chromosomal instability groups using electrospray ionization positive and negative modes

Catalog Putative ID RT (min) m/z Adduct ion VIP FC

SM SM(d18:1/18:0) 7.2 731.6077 [M+H]+ 5.8 0.49

PI PI(22:6/18:0) 5.1 909.554 [M-H]- 1.6 1.53

PI(22:3/16:0) 6.1 887.568 [M-H]- 3.0 1.75

PE PE(P-18:0/18:2) 9.7 726.544 [M-H]- 2.8 1.92

PE(P-16:0/20:5) 5.8 720.499 [M-H]- 2.8 2.15

PE(37:4) 5.8 754.5381 [M+H]+ 2.9 1.77

PE(22:6/18:1) 5.8 788.523 [M-H]- 1.9 1.43

PE(18:2/16:0) 6.5 716.5233 [M+H]+ 2.7 1.52

PC PC(38:6) 6.5 806.571 [M+H]+ 3.2 2.06

PC(38:4) 6.7 810.6041 [M+H]+ 5.9 2.34

PC(36:5) 4.8 780.5556 [M+H]+ 5.7 2.30

PC(33:2) 5.3 744.5562 [M+H]+ 3.2 1.73

PC(33:1) 6.5 746.5715 [M+H]+ 3.2 1.59

PC(30:0) 5.5 706.5394 [M+H]+ 4.6 1.89

PC(16:1/16:1) 4.6 730.5399 [M+H]+ 4.1 1.98

PC(16:1/16:0) 5.6 776.547 [M+FA-H]- 4.3 1.46

DG DG(38:4) 12.6 667.5287 [M+Na]+ 1.6 0.66

All P value < 0.05. The protonated [M+H]+ and sodium adduct [M+Na]+ in positive mode, and deprotonated
[M-H]- and formic acid adduct [M+FA-H]- in negative ion mode. FC: Fold changes [Chromosomal instability
(CIN)/non-CIN];  PC:  Phosphocholine;  PE:  Phosphatidylethanolamine;  PI:  Phosphatidylinositol;  SM:
Sphingomyelin; DG: Diglyceride; VIP: Variable importance in projection.

environment[30].  Our preliminary results have potential clinical implications. First,
rapid lipidomics profiling could be used to identify patients at high risk of GC at
various  stages.  We  combined  TCGA  classification  of  genomic  analysis  with  a
lipidomics method to determine the distribution of lipid species for accurate diagnosis
of  GC  and  identify  potential  biomarkers  for  translational  discovery  and  novel
therapeutic strategies. Analyzing changes in GP levels (especially PC, PE, and PI) can
not only provide insight into GC pathology and diagnosis but also determine novel
biomarkers of CIN status in GC. Full molecular classification of GC advances the
knowledge of the biology of GC, and identification of biomarkers for early diagnosis
may improve  effective  treatment  through precision  medicine[8].  However,  these
preliminary results must be interpreted with caution until they are validated using an
independent dataset because the small sample size relative to the number of features
extracted may have resulted in model overfitting.

This study had some limitations. First, the sample size was small. Our objective of
analyzing genomics and metabolomics data inadvertently limited the number of
participants  willing  to  contribute  tissue  samples  in  each  category  of  this  study.
Therefore, more extensive research is warranted to further validate the utility of the
analyzed biomarkers, and translation into clinical settings should follow. Second, the
methodology  of  this  study  could  be  improved  for  development  of  a  more
comprehensive lipid extraction method for identifying more lipid species such as free
fatty acids and cholesteryl ester and its derivatives. Third, potential classes were
missing from this exploratory experiment. Although Helicobacter pylori plays a crucial
role in gastric carcinogenesis, we aim to the CIN status influences on the outcome of
gastric cancer, and tried to exclude the other possible factors including microbiota in
gastrointestinal in this study. To further identify potential biomarkers, determining
absolute concentrations in multiple biological organs is necessary. Therefore, further
investigation that establishes a database of potential biomarkers - including their
relative concentrations in multiple organs - for application in precision medicine is
warranted.

In  conclusion,  CIN  status  of  GC  was  primarily  associated  with  downstream
lipidomics in the GP pathway, namely PC, PE, and PI. These findings based on TCGA
classification reflected regulation of the cellular signal pathway of apoptosis in CIN
tumors.  We  employed  a  genomic  classification  method  to  obtain  lipidomic
information correlated with CIN status.
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Figure 3

Figure 3  Lipidomics distribution of the chromosomal instability and non-chromosomal instability type of the gastric cancer samples under electrospray
ionization + and - mode using the orthogonal projections to latent structures discriminant analysis statistical method. A: Electrospray ionization (ESI) +; B:
ESI-. OPLS-DA: Orthogonal projections to latent structures discriminant analysis.
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Figure 4

Figure 4  Schematic overview of the lipid biosynthesis pathways in this study was summarized. Black: Changes according to gastric cancer status; Purple:
Only represent in chromosomal instability (CIN) analysis; Red: Both CIN and non-CIN status. We showed the lipid categories which involved in the significant changes
of metabolites in this study. R is a carbon chain. PAP: phosphatidic acid phosphatase; LPCAT1: lysophosphatidylcholine acyltransferase 1.

Figure 5

Figure 5  The receiver operating characteristic curve analysis on the outstanding metabolites of chromosomal instability and non-chromosomal instability
gastric cancer status with projections to latent structures discriminant analysis model.
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ARTICLE HIGHLIGHTS
Research background
Gastric cancer (GC) leads to worldwide cancer mortality, especially in developing countries.
Recently, The Cancer Genome Atlas (TCGA) Research Group proposed an integrative genomic
analysis, dividing gastric cancer into four subtypes—Epstein Barr Virus positive, microsatellite
unstable,  chromosomally instable (CIN), and genomically stable,  based on gene expression
profiling of the exome sequences, copy-number alterations, gene expression, DNA methylation,
and protein activities. However, the CIN status of GC is still vaguely characterized and lacking
the valuable easy-to-use CIN markers to diagnosis in molecular and histological detection.
Metabolomics, which study the result of the interaction of the biosystem’s genome with its
environment  and  detect  the  end  product  of  gene  expression,  offers  the  opportunity  to
understand the complex molecular mechanisms and to identify the diagnostic biomarkers of
human GC. Although mass spectrometry (MS) and nuclear magnetic resonance system have
been used widely to investigate metabolic changes in biological processes, most of those findings
were limited to focus on water-soluble compounds, and volatile metabolites. Perturbation of
lipid metabolism would also contribute to observing in the cancer progression by detecting the
activity of the dysregulated core enzymes in lipid pathways and the global lipid metabolic
alterations in cancer metastasis.  Global lipidomics provides the most details  detection and
qualification of the cellular lipids in systems biology. The background, present status,  and
significance of the study should be described in detail.

Research motivation
In our previous study, metabolomic profiles of GC tumors and the adjacent healthy tissue are
distinct, and altered pathways involving amino acid metabolism, glyoxylate and dicarboxylate
metabolism. In this study, we hypothesize that lipidomic alternations reflect the CIN or non-CIN
status of GC to provide the exploration of the correlation the lipidomic metabolites of GC with
its CIN status.

Research objectives
The main objectives aimed to discover the numerous biomarkers from lipidomic studies and
explore the associations of CIN with its downstream lipidomics profiles.

Research methods
Tumor samples were categorized as CIN or non-CIN type by the TCGA system. We extracted
the genomic DNA, and quantified them for genomic analysis. In total 409 leading oncogenes and
tumor suppressor genes in the GC tumor tissue were sequenced.  For lipidomic metabolite
research, tissue extraction through Folch method and performed profiling using an LC/MS
system. Data processing and statistical analysis for lipidomic analysis to discover the potential
metabolites using MarkerLynx XS software, SIMCA-P+ and MetaboAnalyst 4.0.

Research results
This study demonstrated the Lipidomic profiling of GC tumors showed distinct profiles in
glycerolipid, glycerophospholipid and sphingolipid compared with adjacent non-cancerous
tissues.  The  glycerophospholipid  levels  (phosphocholine,  phosphatidylethanolamine,  and
phosphatidylinositol) demonstrated a 1.4- to 2.3-fold increase in the CIN group, compared with
the non-CIN group (P < 0.05). Alteration of the glycerolipid and glycerophospholipid pathways
involved throughout the evolutions of GC formation toward chromosomal instability.

Research conclusions
Lipidomics profiles of GC tumors were distinct against the adjacent non-cancerous tissue. The
CIN status of GC primarily associated with the downstream lipidomics in glycerophospholipid
pathway.

Research perspectives
Our study provided the genomic classification method and discovered lipidomic information to
correlate with its CIN status. To validate our initial findings, more sample collections with longer
follow up times will be considered.
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Abstract
BACKGROUND
There is growing evidence proving that many human carcinomas, including
colon cancer, can overexpress immunoglobulin (Ig); the non B cancer cell-derived
Ig usually displayed unique V(D)J rearrangement pattern that are distinct from B
cell-derived Ig. Especially, the cancer-derived Ig plays important roles in cancer
initiation, progression, and metastasis. However, it still remains unclear if the
colon cancer-derived Ig can display unique V(D)J pattern and sequencing, which
can be used as novel target for colon cancer therapy.

AIM
To investigate the Ig repertoire features expressed in human colon cancer cells.
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METHODS
Seven cancerous tissue samples of colon adenocarcinoma and corresponding
noncancerous tissue samples were sorted by fluorescence-activated cell sorting
using epithelial cell adhesion molecule as a marker for epithelial cells. Ig
repertoire sequencing was used to analyze the expression profiles of all 5 classes
of Ig heavy chains (IgH) and the Ig repertoire in colon cancer cells and
corresponding normal epithelial cells.

RESULTS
We found that all 5 IgH classes can be expressed in both colon cancer cells and
normal epithelial cells. Surprisingly, unlike the normal colonic epithelial cells that
expressed 5 Ig classes, our results suggested that cancer cells most prominently
express IgG. Next, we found that the usage of Ig in cancer cells caused the
expression of some unique Ig repertoires compared to normal cells. Some VH

segments, such as VH3-7, have been used in cancer cells, and VH3-74 was
frequently present in normal epithelial cells. Moreover, compared to the normal
cell-derived Ig, most cancer cell-derived Ig showed unique VHDJH patterns.
Importantly, even if the same VHDJH pattern was seen in cancer cells and normal
cells, cancer cell-derived IgH always displayed distinct hypermutation hot points.

CONCLUSION
We found that colon cancer cells could frequently express IgG and unique IgH
repertoires, which may be involved in carcinogenesis of colon cancer. The unique
IgH repertoire has the potential to be used as a novel target in immune therapy
for colon cancer.

Key words: Immunoglobulin repertoire; Sequencing; Colorectal cancer; VDJ pattern; VJ
pattern

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: It has been found that colon cancer cells can express immunoglobulin (Ig);
however, the expression profile and features of the Ig repertoire in colon cancer cells
remain unclear. Here, we first sorted colon cancer cells and normal cells from 7 patients
with colon cancer. Using the Ig repertoire sequencing, we analyzed the features of the Ig
heavy chain (IgH) repertoire in these cells. We found that Ig in colon cancer cells had a
significant tendency to choose IgG compared to the other classes of IgH, and showed
unique VHDJH patterns and somatic hypermutation hotspots, which might be potential
targets for immune therapy for colon cancer.

Citation: Geng ZH, Ye CX, Huang Y, Jiang HP, Ye YJ, Wang S, Zhou Y, Shen ZL, Qiu XY.
Human colorectal cancer cells frequently express IgG and display unique Ig repertoire. World
J Gastrointest Oncol 2019; 11(3): 195-207
URL: https://www.wjgnet.com/1948-5204/full/v11/i3/195.htm
DOI: https://dx.doi.org/10.4251/wjgo.v11.i3.195

INTRODUCTION
Colorectal cancer is the third most common cancer worldwide and the fourth most
common cause of oncological death[1]. Although using the epidermal growth factor
receptor in therapies targeting colon cancer has improved the survival rate of patients,
this type of cancer is still the second leading cause of deaths in men and the third in
women in the United States according to cancer statistics[2-5].  Thus, more effective
therapy targets need to be found.

Immunoglobulin  (Ig),  also  classically  known  as  an  antibody,  consists  of  two
identical  heavy chains (IgHs) and two identical  light chains (IgLs) arranged in a
roughly Y-shaped configuration[6]. Structurally, each IgH or IgL chain has its own
unique viable region,  which is  a  crucial  structure that  enables Igs to specifically
recognize antigens, and a C-terminal conservative constant region that specifies the
effector functions of the molecule[6]. The primary diversification of Ig occurs during
assembly of the variable region, a process called V(D)J recombination[6]. The variable
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region of a heavy chain is assembled from component variables (V), diversity (D), and
joining (J) gene segments and then combined with a constant region that determines
the class of Ig [IgA(α), IgD(δ), IgE(ε), IgG(γ) and IgM(μ)]. Similarly, κ and λ light
chains are composed of rearranged V and J gene segments[7]. After being challenged
by an antigen, the variable region of Ig undergoes somatic hypermutation (SHM) that
introduces point mutations into the V region antigen-binding pocket, further boosting
its affinity for a particular antigen[6] (Figure 1A). Thus, Ig can initiate specific immune
responses  against  antigens  by  generating  a  nearly  infinite  diversity  of  antigen
receptors within the constraints of a finite genome[8].

Traditionally, Ig is believed to be produced only by B lymphocytes. However, our
research group and others have confirmed that non-B cells[9-11], especially epithelial
cancer cells (such as human lung, breast, colon, liver, cervical and oral cancer cells),
can also produce Ig, including IgG, IgM and IgA[12-17]. The non B cell-derived Igs (non
B-Ig)  displayed several  unique features,  such as a  conservative V(D)J  usage and
mutation patterns among the same lineage.  Moreover,  the cancer cell-derived Ig
(Cancer-Ig) showed unique glycosylation modification[18,19]. Mechanistically, cancer
cell-derived Ig is involved in the proliferation of cancer cells[20,21], cancer cell invasion
and metastasis[19,22-24].  These  findings  suggest  that  non-B-Ig  performs a  different
function  from  B-Ig.  Specifically,  the  Cancer-Ig  acts  as  an  oncogene  in  cancer
development; thus, there is an increased need to get a full picture of the characteristics
of Cancer-Ig sequences for both basic research and clinical application.

In this study, we used immune repertoire sequencing (IR-Seq), which avoided the
depth restriction of Sanger sequencing. We completed analysis of the IgH repertoire
in 7 samples of epithelial cancer cells and counterpart 7 control samples from the
surgical edge of resected colon tissues (taken as normal colonic epithelial cells) in
patients  with  colorectal  cancer.  Our  results  confirmed  individually  biased  Ig
repertoires with the presence of SHM in colon cancer, which could be recognized as
an indicator of their potential as neoantigen and therapeutic targets.

MATERIALS AND METHODS

Patient samples
Cancer  tissue  and  normal  tissue  from  the  surgical  edge  of  resected  colon  were
obtained from patients at Peking University Peoples’ Hospital with written informed
consent.  The  study  was  conducted  according  to  an  institutional  review  board-
approved protocol and was approved by the Clinical Research Ethics Committee of
Peking University Peoples’ Hospital.

Cell sorting
To obtain cancer cells and normal epithelial cells, tissues were first cut into small
pieces  (approximately  1  mm3)  and  washed  with  1  ×  PBS.  Epithelial  cells  were
separated from the tissue by incubating for 1 h at 37 °C with shaking in 1 × PBS
supplemented with 5 mmol/L EDTA and 5 mmol/L DTT. Digested epithelial cells
were  then  dissociated  by  gentleMACS  Dissociator  (Miltenyi  Biotec,  Bergisch
Gladbach, Germany) and filtered through nylon mesh. Cells were then washed in 1 ×
PBS with 2% fetal bovine serum (FBS) (10099141, Gibco, USA) 3 times, blocked in 1 ×
PBS with 5% FBS for 30 min at 4 °C, and stained for 30 min at 4 °C with anti-human
CD19  (11-0199-41,  eBioscience,  USA)  and  anti-human  epithelial  cell  adhesion
molecule (EpCAM) (12-9326-42,  eBioscience).  Fluorescence-activated cell  sorting
(FACS)  of  EpCAM+  cells  was  then  performed  by  FACSAria  II  (BD  Biosciences,
Franklin Lakes, NJ, USA).

Sample preparation for IR-Seq
Total RNA of sorted epithelial cancer cells and normal colonic epithelial cells were
extracted by TRIzol Reagent (15596018, Life Technology, USA). Primer sets for IgH
(iRepertoire Inc.) were used to perform two rounds of polymerase chain reaction
(PCR) under the reaction conditions specified by iRepertoire® (Huntsville, AL, USA).
During the first round, reverse transcription was completed and nested gene-specific
primers that were complementary to V and C genes were used to introduce barcodes
and sequencing primers into PCR products. The second round of PCR was carried out
using communal (sequencing) primers for exponential amplification. Therefore, the
entire repertoire was amplified evenly and semiquantitatively, without introducing
additional amplification bias (Figure 1C).  The DNA concentration of eluted PCR
products  were  measured  and  100  ng  of  DNA  was  pooled  for  sequencing.  The
following sequencing using the 2 × 250 bp Illumina MiSeq platform were performed
by Novogene Corporation (Beijing, China).
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Figure 1

Figure 1  Proportions of Ig classes in colon cancer cells and normal epithelial cells. A: The process of
immunoglobulin heavy chain (IgH) gene rearrangement and the structure of rearranged IgH; B: Design of the primers
for the arm-polymerase chain reaction (PCR) technology used to amplify the immune repertoire. During the first round
of PCR, multiple forward primers Fo (forward-out) and Fi (forward-in) were used to target V genes. The reverse
primers Ro (reverse-out) and Ri (reverse-in) were targeted to the 5 classes of IgH. The Fi and Ri primers included
sequencing adaptors. The second round PCR was carried out with communal primers B and A. The barcodes were in
between primer A and the C gene specific primers; C: Proportions of the five IgH classes in cancer and normal cells;
D: The proportion of IgG in the 5 patients. Small horizontal lines indicate the mean ± SD. Statistical significance was
determined by a two-tailed unpaired Student’s t-test. bP < 0.01.

Data analysis
iRepertoire®  provided  basic  data  analysis  such  as  barcode  demultiplexing  and
filtering, V(D)J alignment, and CDRs identification. For SHM analysis, filtered DNA
sequences were uploaded to the IMGT/High V-Quest web-based analysis tool. The
IMGT mutation analysis files were used to calculate mutant rates and find SHM
hotspots.  Data  rendering  and  mapping  was  completed  with  GraphPad  Prism5
software.

Statistical analysis
All data were analyzed with GraphPad Prism software and presented as a mean ± SD
or SEM. Statistical significance was determined by the two-tailed paired or unpaired
Student’s t-test, with significance level of P < 0.05, P < 0.01, P < 0.001, P < 0.0001, and
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ns, not significant (P > 0.05).

RESULTS

IgG can be preferentially expressed in colon cancer cells
We  obtained  cell  samples  from  7  patients,  who  were  diagnosed  with  colon
adenocarcinoma (Table 1). EpCAM+ epithelial cancer cells and normal epithelial cells
were sorted by flow cytometry. Total RNA was extracted and reverted to cDNA. All
five classes of IgH and their Ig repertoires were amplified by multiplex PCR and
sequencing by IR-Seq (Figure 1A and B). We have captured the IgH expression from 5
pairs of colon cancer cells and normal cells of corresponding noncancerous tissue
samples, and unpaired colon cancer cells of 2 tissue samples. We first analyzed the
expression profile of IgH in the cancer cells and normal cells and found that all classes
of IgH were expressed in colonic epithelial cells, but IgA and IgG appeared most
frequently. Next, we compared the expression profile of IgH between 5 pairs of colon
cancer cells and normal cells. We found that the normal epithelial cells could express
all  classes  of  IgH,  among which  IgA showed the  highest  frequency  (5/5,  mean
proportion: 46.00%), followed by IgG (5/5, mean proportion: 28.35%), IgM (4/5, mean
proportion: 13.77%) and IgD (4/5, mean proportion: 11.86%); however, IgE was rarely
observed (3/5, mean proportion: 0.02%). Unexpectedly, the colon cancer cells mainly
expressed IgG. The average percentage of IgG was significantly higher in cancer cells
(86.68%) than in normal cells (28.35%) (Figure 1C and D).

IgH repertoire in cancer cells displayed unique features
We  compared  the  features  of  IgH  repertoires  between  cancer  cells  and  normal
epithelial  cells  by  analyzing  the  complementarity  determining  region  3  (CDR3)
pattern of the variable region, which can represent the VHDJH usage of each Ig. As
with our previous findings[25], all IgH repertoires from both cancerous and normal
cells showed restricted VHDJH patterns compared with the great diversity of IgH in B
cells[26] (Figure 2A). However, in each case, cancer cell-derived IgH showed different
IgH  repertoire  profiles  compared  to  the  normal  epithelial  cells  (Table  2).  Sub-
sequently, we genetically analyzed the distribution feature of IgH expressed in cancer
and normal  epithelial  cells.  Unlike  the  Ig  VH  segments  expressed in  B  cells  that
randomly distribute in the Ig chromosome, the proximal VHs, which were closer to JH

segments in genomic sequence, were more frequently expressed in cancer cells than in
normal cells (53.78% vs 38.92%) (Figure 2B), suggesting that cancer cells prefer to use
these VH segments that appeared earlier in our evolution. In addition, according to the
sequence characteristics, IgH can be divided into 7 families[27]. Obviously, both cancer
and normal epithelial cells preferred to use VH3 segments which was consistent with B
cell-expressed IgH (B-IgH)[28]; however, VH3-7 was usually used by cancer cells, and
VH3-74 was frequently used by normal epithelial cells (Figure 2C and D). We also
analyzed the JH usage, and found that, unlike B cell- expressed IgH, which mostly
preferred JH4 and JH6, both cancer and normal epithelial cells preferred to use JH4 and
JH5 (Figure 2D). The results suggest that there are diverse mechanisms of Ig gene
rearrangement between B cells and colonic epithelial cells.

VHDJH rearrangements displayed unique feature in cancer cells
VHDJH rearrangement pattern represents the characteristic structure of each Ig heavy
chain. We first explored VHDJH rearrangement patterns in each sample, and the top 10
VHDJH patterns of both cancer cells and normal cells in each case are listed in Table 2.
Next, we investigated if there are some dominant VHDJH  patterns shared by most
cancer cells in different patient samples. Obviously, no identical VHDJH patterns were
shared  by  cancer  cells  of  different  individual-derived  IgH,  but  several  VHDJH

rearrangements, for example, VH1-8/D7-27/JH4 and VH1-18/D4-17/JH4, were found to
be used by normal cells from more than one sample (Table 2). Moreover, we found
that each VH of cancer-derived IgH showed unique VHDJH patterns in all 5 pairs of
cancer tissues.  For example, in patient-1,  patient-2 and patient-3,  the VH3-23 was
shared by cancer cells and normal cells but was joined by totally different Ds and JHs
in cancer cells compared to normal cells (Figure 3). These findings suggest that the
unique VHDJH patterns may have a potential role, as neoantigens, in the development
of future treatments for individual patients with colon cancer.

IgG expressed by cancer cells displays different mutation hot points than normal
epithelial cells
According to classical theory, the variable region of IgH undergoes an extremely high
rate of SHM during B cell proliferation, producing a high affinity antibody[6]. Some
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Table 1  Clinical information of 7 patients with colon cancer

ID Sex Age
Clinical
diagnos-

is

Tumor
size
(cm)

Differen-
tiation

Vascular
invasion LNM

Distant
metasta-

sis
TMN

Histolo-
gical
type

MLH1 MSH2 MSH6 PMS2

1 F 77 Horizont-
al colon
cancer

5.2 × 4.9 Moderat-
ely and
poorly

different-
iated

+ 0 N/A T4aN0M
0

Adenoca-
rcinoma

N/A N/A N/A N/A

2 F 63 Sigmoid
colon
cancer

N/A Poorly
different-

iated

N/A N/A N/A T3aN1b
M0

Adenoca-
rcinoma

N/A N/A N/A N/A

3 M 77 Right-
sided
colon
cancer

3 × 3 Moderat-
ely

different-
iated

N/A 0 N/A T4aN0M
0

Adenoca-
rcinoma

+ + + -

4 F 52 Right-
sided
colon
cancer

4 × 2.5 Well
different-

iated

N/A 0 N/A TisN0M
0

Adenoca-
rcinoma

+ + + ±

5 M 61 Colon
cancer

2.8 × 1.8 Moderat-
ely

different-
iated

+ 1/12 Sacrum
metastas-

is

T4N1M1 Adenoca-
rcinoma

+ + + ±

6 M 74 Right-
sided
colon
cancer

12 × 9 ×
7

N/A + 15/17 N/A T4N3M1 Adenoca-
rcinoma

+ + + +

7 M 89 Right-
sided
colon
cancer

8.5 × 5 Moderat-
ely

different-
iated

N/A 0 Small
bowel

metastas-
is

T4bN0M
0

Adenoca-
rcinoma

± ± ± ±

oncogenes are frequently mutated in cancer cells. Accordingly, we further investi-
gated to determine if SHM also exists in IgH expressed by cancer cells. An IgH gene
was defined as mutated if there were ≥ 2% mutations compared with the germline
sequences.  Any  sequence  with  fewer  mutations  than  that  were  considered
unmutated[29]. We compared the SHM of VH3-23, which was frequently used in both
cancer cells and normal cells (detected in all 6/7 cases), and found that VH3-23 in
cancer cells showed significantly higher rates of mutation compared to normal cells
(Figure 4A). Mutation hotspots of VH3-23 showed a significant difference between IgG
expressed in cancer cells and normal cells (Figure 4B). Similarly, VH3-74/D6-19/JH4
was utilized by both cancer and normal cells, but the mutant hotspots were different
(Figure 4C).

DISCUSSION
In this study, using Ig repertoire sequencing, we explored the expression profiles and
Ig repertoires of Ig heavy chains in colon cancer cells compared to colonic epithelial
cells from along the surgical margin. We found that cancer cells mainly express IgG,
rather  than all  the  Ig  classes  expressed by  normal  epithelial  cells.  Moreover,  Ig
repertoires in colon cancer cells displayed several unique features, such as VH3-7
being preferentially used. Importantly, colon cancer cell-derived Ig always displayed
unique V(D)J rearrangements or mutation hot points compared to those expressed in
paired normal cells. These results provide us a better understanding for the variable
region characteristics of Cancer-Ig, and open a window for further studies on the role
of predominant V(D)J sequences in tumorigenesis, and which might provide new
targets for colon cancer therapy.

As is already known, there are 5 classes of Ig. According to our previous findings,
different classes of non-B Ig display different biological activities. Under physiological
condition, IgM produced by epithelial cells displays natural antibody activity[30,31], IgA
expressed by normal skin epidermal cells has potential microbial-binding activity[9].
Under pathological condition, IgG and IgA are closely related to pro-tumor activity
and the maintenance of stemness of cancer cells. As early as 20 years ago, Qiu et al[12]

found that  IgG was widely  expressed in  many types  of  cancer  cells;  the  cancer-
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Table 2  Top 10 of VHDJH rearrangement patterns in colon cancer and normal epithelial cells

Cancer Normal

V D J % V D J %

Patient-1 hIGHV3-13 hIGHD3-9 hIGHJ6 66.84% hIGHV1-8 hIGHD7-27 hIGHJ4 27.25%

hIGHV3-30 hIGHD6-19 hIGHJ6 15.81% hIGHV3-74 hIGHD6-19 hIGHJ4 24.71%

hIGHV3-30-3 hIGHD2-8 hIGHJ4 4.90% hIGHV3-23 hIGHD2-21 hIGHJ5 18.58%

hIGHV5-51 hIGHD3-16 hIGHJ4 3.69% hIGHV1-8 hIGHD1-7 hIGHJ3 6.31%

hIGHV3-23 hIGHD6-13 hIGHJ4 3.58% hIGHV5-51 hIGHD3-16 hIGHJ4 5.00%

hIGHV3-7 hIGHD3-9 hIGHJ6 1.00% hIGHV3-23 hIGHD3-22 hIGHJ6 2.92%

hIGHV3-33 hIGHD6-19 hIGHJ6 0.79% hIGHV3-74 hIGHD4-17 hIGHJ4 2.20%

hIGHV3-13 hIGHD6-13 hIGHJ6 0.53% hIGHV3-21 hIGHD2-15 hIGHJ5 1.19%

hIGHV3-30 hIGHD2-8 hIGHJ4 0.37% hIGHV3-74 hIGHD2-21 hIGHJ5 1.17%

hIGHV3-64 hIGHD6-19 hIGHJ6 0.26% hIGHV3-23 hIGHD6-19 hIGHJ4 1.06%

Patient-2 hIGHV1-58 hIGHD3-22 hIGHJ4 43.86% hIGHV1-18 hIGHD4-17 hIGHJ4 24.34%

hIGHV1-46 hIGHD3-9 hIGHJ4 18.00% hIGHV3-11 hIGHD5-5 hIGHJ2 10.95%

hIGHV3-43 hIGHD3-22 hIGHJ4 10.20% hIGHV3-74 hIGHD6-13 hIGHJ1 10.28%

hIGHV3-23 hIGHD3-9 hIGHJ4 6.28% hIGHV3-9 hIGHD6-19 hIGHJ4 10.02%

hIGHV1-69 hIGHD4-17 hIGHJ3 5.31% hIGHV3-23 hIGHD3-10 hIGHJ4 6.67%

hIGHV1-69 hIGHD2-15 hIGHJ5 3.98% hIGHV4-4 hIGHD3-22 hIGHJ4 5.92%

hIGHV1-2 hIGHD5-5 hIGHJ4 2.77% hIGHV3-15 hIGHD3-10 hIGHJ4 3.87%

hIGHV1-58 hIGHD5-5 hIGHJ4 1.08% hIGHV3-49 hIGHD6-19 hIGHJ4 2.88%

hIGHV3-53 hIGHD6-6 hIGHJ4 1.01% hIGHV4-59 hIGHD3-22 hIGHJ4 2.34%

hIGHV1-3 hIGHD7-27 hIGHJ6 0.61% hIGHV3-53 hIGHD6-19 hIGHJ4 2.14%

Patient-3 hIGHV3-23 hIGHD4-4 hIGHJ5 11.63% hIGHV1-18 hIGHD4-17 hIGHJ4 24.71%

hIGHV7-4-1 hIGHD1-26 hIGHJ6 11.28% hIGHV3-9 hIGHD6-19 hIGHJ4 11.82%

hIGHV3-74 hIGHD6-6 hIGHJ5 11.16% hIGHV3-11 hIGHD5-5 hIGHJ2 10.21%

hIGHV3-23 hIGHD3-16 hIGHJ5 6.15% hIGHV3-74 hIGHD6-13 hIGHJ1 9.42%

hIGHV3-48 hIGHD4-4 hIGHJ4 5.29% hIGHV3-23 hIGHD3-10 hIGHJ4 6.20%

hIGHV2-5 hIGHD5-12 hIGHJ4 5.16% hIGHV4-4 hIGHD3-22 hIGHJ4 5.93%

hIGHV1-69 hIGHD5-5 hIGHJ4 4.83% hIGHV3-15 hIGHD3-10 hIGHJ4 4.39%

hIGHV3-23 hIGHD3-22 hIGHJ5 4.18% hIGHV4-59 hIGHD3-22 hIGHJ4 2.78%

hIGHV3-53 hIGHD5-12 hIGHJ4 2.14% hIGHV3-49 hIGHD6-19 hIGHJ4 2.50%

hIGHV3-11 hIGHD2-15 hIGHJ4 2.07% hIGHV3-53 hIGHD6-19 hIGHJ4 2.06%

Patient-4 hIGHV3-7 hIGHD3-22 hIGHJ5 57.78% hIGHV3-74 hIGHD2-8 hIGHJ5 88.00%

hIGHV3-48 hIGHD3-22 hIGHJ5 13.33% hIGHV1-8 hIGHD7-27 hIGHJ4 4.00%

hIGHV1-58 hIGHD3-22 hIGHJ4 11.11% hIGHV3-74 hIGHD6-19 hIGHJ4 2.00%

hIGHV3-43 hIGHD3-22 hIGHJ4 6.67% hIGHV3-74 hIGHD2-21 hIGHJ5 2.00%

hIGHV3-23 hIGHD3-9 hIGHJ4 4.44% hIGHV3-23 hIGHD2-21 hIGHJ5 2.00%

hIHGV3-74 hIGHD2-8 hIGHJ5 2.22% hIGHV3-74 hIGHD5-5 hIGHJ6 2.00%

hIGHV3-21 hIGHD3-22 hIGHJ5 2.22% N/A

hIHGV1-46 - hIGHJ4 2.22% N/A

Patient-5 hIHGV3-7 hIHGD3-22 hIHGJ5 65.96% hIGHV3-7 hIGHD3-22 hIGHJ5 60.00%

hIHGV3-21 hIHGD3-22 hIHGJ5 4.26% hIGHV1-8 hIGHD7-27 hIGHJ4 12.31%

hIHGV3-74 hIHGD6-6 hIHGJ5 4.26% hIGHV1-8 hIGHD1-7 hIGHJ3 6.15%

hIHGV7-4-1 hIHGD1-26 hIHGJ6 4.26% hIGHV3-23 hIGHD2-21 hIGHJ5 4.62%

hIHGV3-48 hIHGD3-22 hIHGJ5 4.26% hIGHV3-74 hIGHD6-19 hIGHJ4 4.62%

hIHGV3-48 hIHGD4-4 hIHGJ4 4.26% hIGHV3-74 hIGHD2-8 hIGHJ4 3.08%

hIHGV3-11 hIHGD2-15 hIHGJ4 2.13% hIGHV5-51 hIGHD3-16 hIGHJ4 1.54%

hIHGV3-33 hIHGD3-22 hIHGJ5 2.13% hIGHV3-9 hIGHD2-21 hIGHJ5 1.54%

hIHGV3-23 hIHGD3-22 hIHGJ5 2.13% hIGHV3-33 hIGHD3-22 hIGHJ5 1.54%

hIHGV3-72 hIHGD1-7 hIHGJ6 2.13% hIGHV3-74 hIGHD6-25 hIGHJ4 1.54%

Patient-6 hIGHV1-8 hIGHD6-13 hIGHJ5 44.32% N/A

hIGHV4-61 hIGHD3-16 hIGHJ6 16.60%

hIGHV1-8 hIGHD3-10 hIGHJ5 14.34%
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hIGHV3-23 hIGHD3-22 hIGHJ3 11.74%

hIGHV1-8 hIGHD7-27 hIGHJ4 6.00%

hIGHV3-23 hIGHD2-21 hIGHJ5 4.57%

hIGHV3-74 hIGHD6-19 hIGHJ4 0.96%

hIGHV4-61 hIGHD2-21 hIGHJ6 0.17%

hIGHV3-74 hIGHD3-22 hIGHJ3 0.13%

hIGHV1-8 hIGHD3-16 hIGHJ5 0.13%

Patient-7 hIGHV3-7 hIGHD3-22 hIGHJ5 80.95% N/A

hIGHV3-21 hIGHD3-22 hIGHJ5 1.28%

hIGHV3-33 hIGHD3-22 hIGHJ5 0.92%

hIGHV3-23 hIGHD4-4 hIGHJ5 0.92%

hIGHV7-4-1 hIGHD1-26 hIGHJ6 0.92%

hIGHV3-23 hIGHD3-22 hIGHJ5 0.73%

hIGHV3-48 hIGHD3-22 hIGHJ5 0.73%

hIGHV2-5 hIGHD5-12 hIGHJ4 0.73%

hIGHV3-48 hIGHD4-4 hIGHJ4 0.55%

hIGHV3-48 hIGHD3-22 hIGHJ5 0.55%

derived IgG could promote growth and survival of cancer cells. Recently, they found
that an unique IgG, with a novel  sialylated modification in Asn162 of  CH1, was
widely expressed in cancer stem cells  of  epithelial  cancers,  and promoted tumor
progression via activating integrin-FAK signaling[23,24].  The expression of  IgA by
epithelial  cancer  cells  of  nasopharyngeal  carcinoma and its  participation  in  the
evolution of cell cycle was confirmed by Zheng et al[15,32]. Meanwhile, they also found
Igκ light chain expression in nasopharyngeal carcinoma cells regulated by NF-κB and
Activator protein 1 (AP-1) pathways[33]. Chen et al[14], Liu et al[34] and Qiu et al[35] have
confirmed that the IgG expressed by human prostate cancer, esophagus carcinoma
and papillary thyroid cancer could promote tumor migration. In addition, Lee et al[36-38]

developed the cancer-specific antibody RP215, which was initially produced using cell
extracts of the human OC-3-VGH ovarian cancer cell line as antigen and specifically
recognize almost all of the cancer cells but not normal cells. Moreover, the RP215
could specifically  recognizes  carbohydrate-associated epitope(s)  localized in the
variable region of IgG heavy chains expressed by cancer cells[36-38]. In this study, we
found that unlike the paired normal colon epithelial cells which mainly expressed
IgA, colon cancer cells mainly expressed IgG. These results suggest that IgG may be
closely related to tumor progression of colon cancer.

We previously reported that  Ig  expressed in  non-B cells  had restricted VHDJH

patterns, especially in some cancer cells, including colon cancer cells. We found that
the colon cancer cell-derived Ig usually expressed some unique VHDJH patterns, such
as the VH5-51/D3-16/JH4 and VH3-15/D3-10/JH4 by sanger sequencing[25]. NGS of the
immune  repertoire  allows  for  the  sequencing  of  millions  of  V(D)J  sequences  in
parallel, and has a wide use in immune repertoire analyzing nowadays. In this study,
using primers with IR-Seq that were different from our previous primers, we not only
detected VH5-51/D3-16/JH4 in cancer cells of 3 samples, but more unique Ig VHDJH

patterns  were  also  seen  in  colon  cancer  cells.  The  cancer  cells  tended to  utilize
proximal VH genes such as VH3-7 and VH3-23, but with different Ds and JHs connected
to the VH segments. Several rearrangements of the sequences were predominant in
cancer cells, such as VH3-7/D3-22/JH5, VH3-23/D4-4/JH5, and VH3-13/D3-9/JH6, but
there were few common advantage VHDJH rearrangements shared between different
patients, increasing the importance of individualized analysis and treatment plans in
the  future  according  to  the  characteristics  of  Cancer-Ig  variable  regions.  More
importantly, the SHM sites were totally different between cancer cells and normal
cells in the same individual and the same VHDJH rearrangement, such as VH3-74/D6-
19/JH4, suggested that this difference contributed to the growth of cancer cells.

In summary, our results confirmed that the Cancer-Ig repertoire is biased with
SHM, indicating its potency as a target in individualized treatment. Sequencing the Ig
repertoire opens a window for deeper understanding and new diagnostics of colon
cancer, which will hopefully help the development of new molecular targets for this
disease.
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Figure 2

Figure 2  The restricted VDJ patterns and distribution of immunoglobulin heavy chain in cancer and normal cells. A: V-J-CDR3 map of immunoglobulin heavy
chain (IgH) expressed in normal B cells[26], colon cancer cells and normal epithelial cells. Each rectangle represents a unique V-J-CDR3 nucleotide sequence and the
size denotes its relative frequency. Colors for each rectangle are chosen randomly and, thus, do not match between plots; B: The distribution of VHs expressed in
cancer and normal epithelial cells; C: The utilizations of VHs in cancer and normal epithelial cells. The order of VHs on the X-axis corresponds to its position on a
chromosome; D: Utilizations of 7 VH and 6 JH families in cancer and normal cells from patients with colon cancer (red and blue columns), and B cells from peripheral
blood of a healthy donor[28] (orange columns). Small horizontal lines indicate the mean ± SEM. All data comparing cancer with normal cells were determined by the
two-tailed unpaired Student’s t-test and none of the differences were significant (P > 0.05). The percentage of VH and JH families in B cells (D) was derived from the
data from other sources[28]; thus, statistical analysis was not performed.

Figure 3

Figure 3  Different VH3-23/D/JH usages in cancer and normal cells. The top three VH3-23/D/JH and their percentage to total VH3-23 rearrangements in cancer cells
and normal epithelial cells of the first 3 patients. The same color represents the same V, D or J segment.
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Figure 4

Figure 4  Somatic hypermutation in colon cancer and normal epithelial cells. A: Mutation rates of VH3-23 in cancer and normal cells. Dotted lines represent the
cut-off value 2%; B: Mutant positions and corresponding frequencies of VH3-23 in different patients. P1: Patient-1. P2: Patient-2. The X-axis represents the 1st to 354th

nucleotides using IMGT-numbering; C: Representative mutant positions of VH3-74/D6-19/JH4 in cancer and normal cells of patient-3 compared to the germline
sequence of VH3-74. Small horizontal lines indicate the mean ± SEM. All data comparing cancer with normal cells were determined by the two-tailed unpaired
Student’s t-test. cP < 0.001. dP < 0.0001.

ARTICLE HIGHLIGHTS
Research background
Traditionally,  immunoglobulin (Ig)  was believed to be only produced by B cells;  however,
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studies  from our  group and others  have  revealed that  except  B  cells,  most  of  non B  cells,
especially the non B cancer cells, including the colon cancer cells, can frequently express Ig (non
B-Ig). According to our previous findings, cancer cell-derived IgG can significantly promote
cancer  initiation,  progression and metastasis  by promoting cancer  stem cell  behavior.  IgG
overexpression predicts poor prognosis of patients with cancer. Furthermore, comparing to the B
cell-derived Ig repertoire, the non B cancer cell-derived Ig displays restricted and conservative
V(D)J pattern rather than diversity. However, we do not know if the colon cancer cell-derived Ig
is structurally different from its counterpart normal epithelial cell-derived Ig.

Research motivation
In our previous work, we have found that colon cancer cells can overexpress the IgG compared
to normal colonic epithelial  cells,  but it  remains unclear if  the colon cancer cell-derived Ig
repertoire  display unique feature compared to its  counterpart  normal  cell-derived Ig,  and
whether the unique feature is potential for colon cancer target therapy.

Research objectives
In this study, we used Ig repertoire sequencing (IR-Seq), which allows for the sequencing of
millions of V(D)J sequences in parallel, to investigate the Ig repertoire features expressed in
human colon cancer cells.

Research methods
We first sorted EPCAM+ colon cancer cells and EPCAM+ normal colonic epithelial cells from
corresponding noncancerous tissues as control. Then, using IR-Seq, the expression profile of Ig,
VHDJH  gene usage of Ig heavy chain (IgH) and somatic hypermutation (SHM) feature in Ig
variable region were detected.

Research results
We surprisingly found that comparing to the control normal cells, Ig expressed by colon cancer
cells had a significant tendency to choose IgG among the five Ig classes. Furthermore, unlike B-Ig
that  can  generate  nearly  great  diversity,  the  non B-Ig  from either  colon  cancer  or  normal
epithelial cells showed restricted VHDJH rearrangement patterns. However, comparing to normal
cell-derived VHDJH rearrangement patterns, cancer cell-derived VHDJH patterns displayed unique
feature, including the usage of VH, D and JH gene, and the SHM feature.

Research conclusions
We found that colon cancer cells could frequently express IgG and unique IgH repertoires,
which may be involved in carcinogenesis of colon cancer. The unique IgH repertoire has the
potential to be used as a novel target in immune therapy for colon cancer.

Research perspectives
These findings suggest that distinguishing the distinctive mutation sites of cancer cell-derived Ig
from normal cell-derived Ig can help finding new target for precise treatment of patients with
colon cancer.
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Abstract
BACKGROUND
Quality control in colon cancer surgery is an ongoing debate ever since
standardization proved to be highly efficient in improving survival in rectal
cancer. Complete mesocolic excision (CME) is widely acclaimed as the new gold-
standard in colon cancer resections, thus it is imperative to establish quality
criteria of CME in order to make it easily understood and verified by surgeons
worldwide. One simple and reproducible tool could be the measurement of
arterial stumps postoperatively and a straightforward way to test its reliability is
to test it in a comparative study between CME and non-CME surgery.

AIM
To validate arterial stump measurement as a surgical quality tool by comparing
CME with conventional radical colectomies.

METHODS
This was a retrospective study, carried out on a prospective database. We
collected data from two groups of patients, divided according to standard CME
with D2 central vascular ligation (group A) and non-standardized surgery (group
B). The two groups were compared with regard to the arterial stump length after
right- and left-sided colectomies for colon cancer. The actual stump lengths of the
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ileocolic artery (ICA) and inferior mesenteric artery (IMA) were compared with
their theoretical best D2 position of predicted ligation levels (D2PLLs) for
calculating the potential for improvement. Measurements on follow-up
computed tomography scans were carried out by three observers. Pathological
data were recorded (specimen length, lymph node yield) and correlated with
stump length.

RESULTS
We analysed 58 colectomies. The stump lengths (mean ± SD) in group A were
16.97 ± 4.77 mm for ICA and 31.70 ± 15.71 mm for IMA, whereas group B had
49.93 ± 20.29 mm for ICA and 67.24 ± 28.71 mm for IMA. Shorter lengths were
obtained in group A, by a mean difference of 35.66 mm (χ2 = 27.38, P < 0.001),
which was significant for all types of colectomies. Except for a 5.85 ± 4.71 mm
difference for right colectomies, all the ligations from group A significantly
reached their potential height (0.26 ± 12.18 mm from D2PLL; χ2 = 0.005, P = 0.944).
Apart from three left colectomies, group B failed to reach D2PLL, by a mean
difference of 32.14 ± 26.15 mm (χ2 = 21.77, P < 0.001). The calculated improvement
potentials were significantly shorter in group A than in group B, by a mean of
31.88 mm (χ2= 22.13, P < 0.001). The large spread of results in group B showed
that there is significant variability (P = 0.004) when compared to standard
surgery. Significant correlations were found between stump length, specimen
length and number of lymph nodes (P = 0.018 and P = 0.008 respectively). No
statistical difference was found between observers’ measurements (P = 0.866).

CONCLUSION
Arterial stump monitoring is a significant step in defining surgical quality, as
longer stumps contain residual mesocolic tissue and correlate with major
prognostic factors.

Key words: Complete mesocolic excision; Central vascular ligation; Colon surgery;
Arterial stump measurement; Computed tomography

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: This is the first study to assess arterial stump measurement as a tool for
comparative analysis between complete mesocolic excision and non-standardized
colonic surgery. We demonstrated its benefit as a tool for evaluating surgical quality,
mainly due to its correlation with a major prognostic factor. It is a simple and
reproducible measurement on routine computed tomography scans without metallic
markers. We showed that the central vascular ligation can be performed without
extensive D3 lymphatic dissection.

Citation: Livadaru C, Morarasu S, Frunza TC, Ghitun FA, Paiu-Spiridon EF, Sava F, Terinte
C, Ferariu D, Lunca S, Dimofte GM. Post-operative computed tomography scan – reliable
tool for quality assessment of complete mesocolic excision. World J Gastrointest Oncol 2019;
11(3): 208-226
URL: https://www.wjgnet.com/1948-5204/full/v11/i3/208.htm
DOI: https://dx.doi.org/10.4251/wjgo.v11.i3.208

INTRODUCTION
The surgical  treatment of  colon cancer is  the only treatment with a curable visa.
Complete mesocolic excision (CME), as Hohenberger et al[1] initially presented it in
2009, is based on three principles. First and foremost, the mobilization of the colon
needs to strictly respect the avascular plane of dissection; this ensures removal of the
colonic tumour together with a sealed, embryologically-defined mesocolon, which
contains all lymphovascular potential routes of tumour dissemination. The second
principle refers to the central vascular ligation (CVL), which ensures vertical removal
of  the  entire  mesocolic  root  and  apical  lymph nodes  (LNs).  The  third  principle
involves  clearing the LNs in the pericolic  station,  with the advised longitudinal
resection margin being up to 5 cm proximally and 10 cm distally from the tumour,

WJGO https://www.wjgnet.com March 15, 2019 Volume 11 Issue 3

Livadaru C et al. CT scan – CME quality assessment

209

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


depending on the feeding vessels[1,2].
CME  has  proved  to  be  a  reliable  technique  for  standardizing  colon  surgery;

however, the debate on defining the recommended point of CVL has not reached
unanimity[2-5]. Studies that comparatively analysed CME with conventional surgery
showed more surgical complications in CME. Although no randomized trials exist to
support this, it seems that attempting a true central ligation causes extra risks, unlike
the fascial plane dissection[6-8]. Complete mesenterectomy at the root of the superior
mesenteric artery (SMA) poses danger for splanchnic nerves laceration, which will
cause refractory diarrhoea[6]. Significantly more injuries to the spleen and the superior
mesenteric  vein  (SMV)  have  been  correlated  to  central  ligation[7],  and  the  high
variability of venous collaterals giving rise to the gastrocolic trunk of Henle has been
shown to add further haemorrhagic risk[8,9]. On the left side, ligation of the inferior
mesenteric artery (IMA) in proximity to the aorta can ensue permanent urological
disorders and faecal incontinence in some patients, while sexual dysfunction persists
in most patients[2,10,11].

Recently, the theory of tailoring central ligation to the crossing variations between
the ileocolic artery (ICA) and SMV has been raised[12,13]. Additionally, the recommen-
dation of a 10 mm safe margin from the arterial origin has been put forward in the
CME  consensus[2];  although,  this  stump  length  could  also  be  obtained  when
performing a D2 lymphadenectomy, considering that the ICA runs in front of the
SMV[13]. Further insight was given by Japanese research groups, who stated that the
lymphatic drainage of the right colon ends in front of the SMV, making dissection
beyond it unwarranted. They advocate for a full clearance alongside the anterior
aspect of the SMV, without reaching beyond it[2].

Regardless of the continuing debate, some surgical societies have understood the
value  of  standardization  and  implemented  the  central  ligation  as  a  guideline
procedure; these include the French Society of Digestive Surgery[14] and the American
Society of Colon and Rectal Surgeons[15,16]. Furthermore, the Japanese recommend at
least D2 resections for cT2 colon cancer[17]. The Norwegian Health Directive expects a
standard CME with complete D2 dissection to be performed on all interventions with
curative intent and advises additional D3 lymphadenectomy whenever possible[18], by
following the evidence on increased 5-year overall survival from 82.1% to 89.1% as
reported by Hohenberger et al[1].

Nevertheless, if the surgery does not closely respect the embryologic cleavage plan,
contamination with malign cytology through the disrupted mesocolon could render
null any potential benefit of the central ligation[1]. Consequently, analysing surgical
specimens is crucial for evaluating the quality of CME. In this way, the integrity of the
mesocolon and the number of LNs can be accurately measured for stratifying the
survival outcomes, as the difference between mesocolic plane and muscularis propria
planes of resection translates to a 27% increase in 5-year overall survival for stage III
disease[19].  Another indicator,  proposed by West  et  al[20,21],  is  measurement of  the
distance from the CVL to the bowel margin; however, this does not directly reflect the
residual stump length and accompanying LNs because the main pedicle’s length is
variable and thus the arterial stump may be longer than the pathologist suggests[22,23].

As a shorter arterial stump would imply fewer residual nodes, Hohenberger et al[24]

applied angiography to patients with local recurrence of colorectal cancer to visualize
the residual IMA. Thus, they appreciated that long stumps illustrated an incomplete
primary lymphadenectomy which had caused the local cancer recurrence[24]. Recent
studies, however, proposed a simpler technique to evaluate the point of CVL—by
measuring  the  arterial  stumps  on  post-operative  computed  tomography  (CT)
scans[22,25,26]. Their results showed promise in evaluating the quality of colon resections,
thus calling for further studies to be made for validation of the technique.

Aim
Our aim was to analyse the existing variation in the technique of radical colectomy
and to demonstrate the utility of the arterial stump as a tool for evaluating surgical
quality. Our first objective was to compare the arterial stump lengths from our own
CME series without local recurrences[27], with a different series of conventional radical
colectomies. Our second objective was to calculate the improvement potential in each
group, by comparing the actual lengths with their theoretical best position of D2 and
D3 predicted ligation levels (D2PLL and D3PLL respectively).

MATERIALS AND METHODS

Design and setting
This study was designed as a retrospective analysis and conducted on a prospectively
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maintained database of patients treated at the Regional Oncology Institute (IRO) in
Iasi, Romania.

Patients
The study was  approved by the  Institutional  Ethics  Committee  of  the  IRO,  and
patients had given consent for inclusion in the research database.

Inclusion criteria
Two  groups  of  adult  patients  (groups  A  and  B,  see  below)  were  included  in
consecutive order. All underwent surgery with curative intent for colon cancer (stages
I-III  UICC 7th  edition) and had at least  one post-operative good quality contrast-
enhanced CT scan that was available for re-evaluation.

Group A patients were operated on at the 2nd Surgery Department of IRO between
the dates of March 2012 and February 2018; all  surgeries were performed by one
surgical team. Group B patients were operated on in other surgical units between the
dates of July 2007 and February 2018, and are currently being followed up at the
Medical Oncology Outpatient Clinic in our institution.

Exclusion  criteria  for  both  groups  were  stage  IV  colonic  tumours,  palliative
colectomies, and tumours in the transverse colon.

Surgical technique
Colectomies in group A patients were performed according to CME principles with
the following adjustments to the high vascular ligation site: (1) Ligation of the ICA at
the right side of the SMV for right colectomies (D2 resection); (2) Ligation of the IMA
at roughly 1 cm from its origin in left colectomies; or (3) Low ligation of the IMA in
segmental sigmoidectomy, distal to the branching point of the left colic artery (LCA)
but with subsequent LN dissection along the IMA trunk, up to its origin from the
aorta (D3 lymphadenectomy).

Group B colectomies were non-CME surgical procedures, but were performed with
intent  of  oncological  radicality.  Surgeons  involved  in  this  group  represent  a
heterogenous group working in district hospitals without a major interest in colonic
cancer surgery. There was no additional selection, except for availability of the post-
operative CT scan and curative intent of the surgical procedure.

Data collection
The  individual  data  for  group  A  patients  were  gathered  from  a  prospectively
maintained electronic  database,  containing  all  the  patients  who had undergone
colectomies performed by the same surgical team. The individual data for group B
patients  were  obtained  from  the  registries  of  the  Outpatient  Clinic  of  Medical
Oncology at IRO. All these patients were cross-referenced in the hospital’s electronic
registry, for confirmation of data. Only patients with an available post-operative
abdominal CT scan were included in the study and the images were retrieved from
the Picture Archiving and Communication System (known as “PACS”) for analysis.

Radiological examination protocol
The majority of patients (n  = 51) had undergone spiral CT scans in our radiology
department,  by  means  of  a  BrightSpeed  16SL  scanner  with  16  detectors  (GE
Healthcare, Waukesha, WI, United States). The protocol included 16 mm x 1.25 mm
increment, pitch of 1.75, table speed of 35 mm/rot, 120 kV and 260 mA, with slight
variations according to patient particularities. Contrast media was injected (816.5
mg/mL of Iomeron 400®; Bracco Imaging, Milano, Italy) with a power injector at a
rate of 2.5 mL/s. Scans were obtained in the arterial and venous phases, with an
acquisition delay of 15 sec and 50 sec after the bolus threshold (150 HU). Datasets
were  reconstructed  with  a  1.25–3  mm section  thickness,  and  the  reconstruction
interval varied between 1.3 mm and 5 mm. A minority of CTs (n = 7) originated in
private radiology departments, but biases were minimised as the acquisition protocols
and reconstruction intervals were similar and only the reconstructed thickness varied
from 1.25 mm to 5 mm, accepted as standard for colorectal follow-up.

Measurement technique
No metal clips were used on the arterial stumps. We examined the CT scans from
both groups using a dedicated radiology imaging software (RadiAnt DICOM Viewer
v. 4.2.1; Medixant, Poznan, Poland) with 3D reconstructions in multiple planes and a
maximum intensity projection of 10 mm. Lengths were measured with the software’s
dedicated ruler[28].

On the right side, we only chose the ICA because it is the most constant collateral of
the SMA[9]. It was defined as the last vessel arising from the SMA to the right side, at
the level  of  the 5th  and 6th  jejunal artery emergence,  and its  trajectory is  anterior,
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inferior and to the right, thus always making an acute angle with the SMA stem[29].
The IMA was defined as originating at the level of the 3rd lumbar vertebral body and
descending on a discrete left trajectory[30]. Arterial lumen continuity could be verified
by applying negative  contrast  in  different  oblique planes,  and the  stumps were
frequently identified through the presence of  a  granuloma on their  tip[26].  Addi-
tionally, the anatomical crossing of the ICA (anteriorly or posteriorly) in relation to
the SMV was registered.

We  measured  the  presumed  and  actual  arterial  stump  lengths  on  all  the
colectomies included in the study. In right colectomies, the actual arterial length was
measured as the length from the origin of the ICA to the ligation point. The presumed
arterial length was measured as the length from the origin of ICA to the right-hand
side of the SMV, as this is the standard length for D2 ligation (Figure 1). In left-sided
colectomies, the ligation point was analysed in relation to the IMA and the LCA. The
actual stump length was measured from the origin of the IMA to the ligation point,
while the presumed stump length was measured from the IMA origin to immediately
distal to the LCA origin, as is done for standard D2 ligation with preservation of the
LCA. The D2 improvement potential (D2IP) was defined as the difference between
actual stump lengths and the D2PLL (Figure 1). When we compared this with the D3
central ligation, a value of 10 mm was considered as the presumed stump length in
left colectomies[2]. The D3 improvement potential (D3IP) was calculated only for the
IMA and represents the difference between actual stump lengths and the 10 mm safe
length (D3PLL) recommended by consensus[2] (Figure 1).

Measurements were performed by the main author (Livadaru C) and validated
independently by two radiologists (Paiu-Spiridon EF and Sava F) from the Radiology
Department of IRO, in order to access inter-observer variations. The quantitative
parameter (arterial length) was expressed as the average between the three observers.

Statistical analysis
Statistical analysis was carried out with SPSS v20.0 (IBM Corp, Armonk, NY, United
States). Descriptive statistics were performed on all collected data. For verifying the
normal distribution of all the data, we used the Shapiro-Wilk test. Only homogenous
data were averaged. The inter-observer agreement between the three sets of measure-
ments was confirmed using the Kruskal-Wallis test.  We applied the independent
Student’s t-test for comparing the mean arterial length between groups A and B. We
used the paired t-test  to verify whether or  not  the actual  residual  lengths of  the
arteries differed from the D2 and D3 presumed lengths. Furthermore, by using the
paired  t-test  we  calculated  a  specific  value  that  quantified  the  potential  for
improvement of the ligation height (defined as the statistically significant difference
between the mean actual and presumed stump length). By using the independent t-
test, we also compared the potentials for improvement found in each group. Levene’s
test  was  used  to  compare  the  actual  stump  length  variation  between  groups.
Whenever the data showed a non-normal distribution, non-parametric tests such as
the  Kruskal-Wallis  were  used.  A  P-value  of  <  0.05  was  considered  statistically
significant for all tests.

RESULTS
From the 124 consecutively  registered patients  in  group A,  29  colectomies  were
selected after applying the exclusion criteria. Similarly, for group B, the search in the
Oncology Outpatient Clinic registries provided 69 consecutive cases, from which 29
colectomies  were  selected after  applying the  inclusion criteria  (Figure  2).  When
stratified for type of colectomy, the stump measurements were normally distributed
(Shapiro-Wilk’s test), but overall, when all measurements were considered for each
group, they were non-normally distributed - a fact explained by the differences in
category between the ICA and IMA. The median time from surgery to post-operative
CT scan was 13.5 mo [inter-quartile range (IQR): 6.0-27.0]. The two groups had similar
mean time intervals from surgery to the CT scan (18 mo vs 27 mo; t = -1.23, P = 0.227).
Patient demographics are listed in Table 1.

Overall, there were a total of 22 ICA stumps, with the D2PLL median length of 9.97
mm (IQR: 7.85-12.70), and a total of 36 IMA stumps, with the D2PLL mean ± SD length
of 37.87 ± 8.22 (95%CI: 35.09-40.65). The level of inter-observer agreement assessed for
the three observers with the Kruskal-Wallis test revealed no significant difference
between the sets (Table 2, P = 0.999) (Figure 3).

Comparison between groups A and B
Overall, the groups differed significantly (Table 2, P < 0.001) in actual stump length (-
35.66 ± 30.83 mm; P < 0.001) and in D2 improvement potential (-31.88 ± 26.52 mm; P <
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Figure 1

Figure 1  Representative cases of stump length measurement. A: Actual ICA stump after a group A right
colectomy. The lengths measured on contrast-enhanced CT were 21.5 mm – actual length with granuloma (red line),
13.0 mm – D2 predicted ligation level (green line), and 8.5 mm – D2 improvement potential (blue line); B: Actual IMA
stump after a group A sigmoidectomy. The lengths measured on contrast-enhanced CT were 36.0 mm – actual length
with granuloma (red line), 30.5 mm – D2 predicted ligation level (green line), and 5.50 mm – D2 improvement
potential (blue line); C: Reconstruction in 3D form, showing the actual inferior mesenteric artery stump after a group A
high ligation. The measurements on contrast-enhanced CT were 13.0 mm – actual length (red line), 10.0 mm – D3
predicted ligation level (green line), and 3.0 mm – D3 improvement potential (blue line). The scale bar illustrates the
size of 1 cm. CT: Computed tomography; ICA: Ileocolic artery; IMA: Inferior mesenteric artery.

0.001). The D2PLL was similar between the two groups (-3.79 ± 13.98 mm; P = 0.353),
both overall (Table 3, Figure 4) and when stratified for type of colectomy (Tables 4, 5
and 6). Levene’s test showed that the variances of actual stump lengths between the
groups (204.5 vs 732.2) reached the level of statistical significance (P = 0.04).

Right colectomies
When we compared the actual ICA stumps between the two groups, the t-test showed
that group A had significantly shorter stumps than group B, the difference being -
32.96 ± 6.56 mm (mean ± SE) (Table 4, P =  0.001). Furthermore, the D2IP was still
significantly longer in group B, by almost 4 cm (Table 4, P < 0.001) (Figure 5).

Sigmoidectomies
In Table 5, the comparison of IMA stumps between the two groups shows that, apart
from D2PLL, all the parameters from group A were significantly shorter, as shown by
the independent t-test. The actual difference (mean ± SE) was -34.50 ± 9.28 mm (Table
5, P < 0.001), and the D2IP difference was -29.57 ± 8.01 mm (Table 5, P = 0.001) while
the D3IP difference was -34.50 ± 9.28 mm (Table 5, P < 0.001) (Figure 6).

Left colectomies
This subgroup followed the same trend of significance, with shorter actual stumps in
group A (by 33.33 ± 8.37 mm) (Table 6, P = 0.011). The D2IP appeared similar between
the groups (P = 0.056), but group A significantly surpassed the D2 level and achieved
D3 as intended, with a D3IP difference of -33.33 ± 8.37 mm (Table 6, P = 0.011) (Figure
7).

Table 7 presents a summary of  all  the IMA stumps from this study,  by taking
sigmoidectomies  and  left  colectomies  together.  Except  for  the  D2PLL,  all  the
parameters in group A are significantly shorter then group B (Table 7, P <  0.001)
(Figure 8).

Comparison between actual arterial stumps and predicted ligation levels in group A
For  the  29  actual  stumps in  group A,  the  median length  was  22.63  mm and the
Kruskal-Wallis test showed no statistically significant D2 improvement potential
(mean ± SD: 0.26 ± 12.18 mm; χ2 = 0.005, P = 0.944) (Table 3).

In right colectomies, the actual ICA length (mean ± SD) was 16.97 ± 4.77 mm. The
mean difference between actual stump lengths and D2PLL was statistically significant,
as determined by the paired t-test, revealing a D2 improvement potential of 5.85 ±
4.71 mm (Table 4, P = 0.001).

On the left side, there were a total of 17 residual IMAs examined; the mean length
was 31.70 ± 15.71 mm for which the ligation had been done correctly at the D2 level in
all colectomies, without any D2IP remaining (-3.68 ± 14.30 mm; P < 0.304), as shown in
Table 7.

When  stratified  for  type  of  colectomy,  the  paired  t-test  revealed  no  D2IP  for
sigmoidectomies (0.27 ± 12.90 mm) (Table 5, P = 0.942) and left colectomies (-16.52 ±
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Table 1  Patient demographics

Characteristic Group A Group B

Age (yr)

Mean 64 59

Range 49-80 40-76

Sex

Male 14 16

Female 15 13

Type of colectomy

Right colectomy 12 10

Left-sided colectomies 17 19

Left colectomy 4 16

Sigmoidectomy 13 3

pT stage

pTis 1 3

pT2 3 17

pT3 19 9

pT4 6

pN stage

pNx 1

pN0 13 14

pN1 11 9

pN2 4 6

M stage

M0 29 29

M1 0 0

11.71  mm)  (Table  6,  P  =  0.067).  When  we  tested  for  the  D3  ligation,  only  left
colectomies  reached  this  level  (9.60  ±  9.21  mm)  (Table  6,  P  =  0.129),  whereas
sigmoidectomies fell short of this objective (by 25.42 ± 15.62 mm) (Table 5, P = 0.001).

Comparison between actual arterial stumps and predicted ligation levels in group B
For the 29 actual stumps in group B, the median length was 61.27 mm, while the mean
potential for improvement of 32.14 ± 26.15 mm was statistically significant (χ2 = 21.77,
P < 0.001) (Table 3).

In right colectomies, the actual ICA length (mean ± SD) was 49.93 ± 20.29 mm. The
mean difference between actual stump lengths and D2PLL was statistically significant
by the paired t-test, revealing a D2IP of 42.13 ± 21.50 mm (Table 4, P < 0.001).

The mean IMA stump length from 19 left-sided colectomies (sigmoidectomies and
left  colectomies)  was  67.24  ±  28.71  mm.  The  paired  t-test  showed a  statistically
significant difference between actual and presumed lengths, showing that in group B
the ligation had been made lower than the D2 level, with a mean D2IP of 27.14 ± 27.74
mm (Table 7, P < 0.01).

When stratified for type of colectomy, the 16 sigmoidectomies had mean IMA
stumps of 69.92 ± 30.29 mm and statistically significant D2IP (29.84 ± 28.67 mm) (Table
5, P  < 0.01) and D3IP (59.92 ± 30.29 mm) (Table 5, P  < 0.01).  The subgroup of left
colectomies was the only one to output no statistically significant D2IP (P = 0.38), but
significant D3IP (42.93 ± 13.15 mm) (Table 6, P = 0.03).

Correlations between arterial stump length and pathology
In group A, the mean ± SD number of LNs harvested with the CME technique was
34.83 ± 16.75 and Spearman’s test showed moderate (rs = -0.40) inverse correlation
with the stump lengths (Table 8, P = 0.032). Similarly, the significance persisted for the
specimen length  with  moderate  correlation  (rs  =  -0.44);  as  such,  the  greater  the
specimen length was, the shorter the stump length (Table 8, P = 0.016).

In group B, LNs were available in the Oncology outpatient registries only for 18 out
of the 29 patients. The median number of LNs was 20 (IQR: 10.75-26.50). Spearman’s
correlation with the stump length was negligible (rs = -0.112) and without significance
(P = 0.659).
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Figure 2

Figure 2  Flow diagram of eligibility. CT: Computed tomography; PACS: Picture Archiving and communication
system.

Out of the 22 ileocolic stumps, the SMV was crossed posteriorly by the ICA in 68%
of  cases.  In  group  A,  surgeons  preserved  the  LCA  in  77%  of  sigmoidectomies,
demonstrating  a  D2  ligation  intent,  whereas  none  of  the  left  colectomies  had  a
preserved LCA, showing D3 ligation intent. In group B, the LCA was present in 81%
of sigmoidectomies and in all left colectomies, suggesting a D2 intent for sigmoid-
ectomies and a questionable D2 intent for left colectomies.

DISCUSSION
As  far  as  our  research  into  the  literature  has  shown,  this  is  the  first  study  to
radiologically compare post-resectional stumps between two groups, of which one
provides standard resection quality and the second study, after that of Munkedal et
al[22], assessed both ileocolic and IMA stumps after CME. The retrospective setting of
our study ensured that the surgical team operated based on their regular standard,
without  making  efforts  for  achieving  shorter  stumps.  In  this  sense,  there  is  the
advantage of reflecting our surgical practice in a more trustworthy manner.

The tight distribution of arterial stump lengths from our series (group A) is proof of
a uniform and disciplined surgical procedure (Figures 4,  5 and 8).  The argument
behind this statement is the 0% locoregional recurrence at a minimum of 2 years for
the 88 colectomies from which group A was extracted[27]. By constantly performing the
D2 ligation, rigorous harvesting of LNs with their corresponding mesocolons was
achieved and, thus, contributed to a zero local recurrence rate in the larger cohort[27].
The fact that group B did not use a standardized technique was also revealed by the
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Table 2  Comparison of arterial stump length between the three observers

Observer n Median length, mm IQR, mm χ2 1P-value

Livadaru C 58 35.70 21.38-60.30 0.01 0.999

1st Radiologist 58 34.00 21.50-61.63

2nd Radiologist 58 35.00 20.98-62.50

1Reference to RESULTS text. IQR: Interquartile range.

significantly larger variation in stump size, as compared to group A (P = 0.04). This
probably  reflects  an  incomplete  mesocolic  excision  because,  theoretically,  the
mesocolic fascia leads up to the origin of the primary feeding vessels and would result
in a short stump if completely excised. This presumption will be verified in the future,
but a 60-mm stump is  certainly representative of  an incomplete resection.  Other
similar studies[20,26] showed that the wider the variation in stump length, the larger the
variation in fascial plane of dissection. Hence, when we have the prerequisites for a
large variance in technique (i.e. non-standardized surgery), there is a higher risk of
having low quality surgery, which impacts correct staging, local recurrence, and
overall survival[19,31-34].

Although our results are comparable with the null loco-regional recurrence from
the prospectively performed CME surgeries of Galizia et al[35] and with the 3.6% from
Hohenberger and colleague’s[1] series of 1329 CME colectomies with D3 CVL, the clear
extra benefit of D3 vs D2 ligation is controversial when compared to the benefit of
pristine embryologic plane dissection[3,4,36,37]. We believe that the foremost important
factor for minimizing local recurrence is respecting the mesocolic plane, in order to
prevent spillage of cancerous cells. Performing the central ligation in right colectomy
at the D3 rather than the D2 level is not supported by any randomized trial yet[5],
increasing peri-operative risks without major benefits for the general population.

All the arterial stumps were shorter in group A than group B, not only overall but
also when stratified for type of colectomy. We wanted to assess if this was caused by
the  variability  in  the  ICA-SMV  crossing  lengths,  on  the  right  side,  or  the  LCA
emerging lower down from the IMA, on the left side. Hence, we also measured the
personalized presumed lengths for true D2 ligation, in each group. By subtracting the
actual stumps from the presumed stumps, the D2 potential for improvement was
calculated as  a  personal  quality  measurement  for  the surgical  team.  These were
significantly  shorter  in  group  A,  proving  that  across  group  B  colectomies,  the
standardized D2 level of ligation was systematically not reached (Tables 4, 5, 6 and 7).
The only exception was the  subgroup of  left  colectomies  that  showed statistical
similarity at the D2 level, even though this did not reflect similar ligation intents.
Group A surgeons intended and significantly reached D3 (P  = 0.129),  whereas in
group B, the D3 potential was not reached (P = 0.03) (Table 6).

The right  colectomy subgroup from group A had slightly longer stumps than
expected for D2 (by 5.80 mm), but they were still the shortest CT-evaluated post-
colectomy stumps in  the  literature[22,25,26]  (Table  9).  Moreover,  by  calculating the
potentials for improvement for left-sided colectomies performed in our department
(0.27 mm), we determined that they are correctly realised at the D2 level (P = 0.94). In
contrast to other similar studies[21],  our experience showed no excess IMA stumps
compared to pre-determined vascular and anatomical boundaries for the D2 ligation
(Table 10). The left colectomy subgroup was the only one in which the D3 level had
been achieved in all cases (9.60 mm; P = 0.129).

The LN yield is considered to be a very important independent prognostic factor
for colon cancer survival[32-34,38]. Using our D2 CME technique, we harvested a mean
number of 34.8 LNs, which proved to be superior to the number of LNs reported
through the employment of CME with D3 CVL from Erlangen: a median of 32 LNs
reported in the first series[1]  and of 30 LNs reported in a subsequent series[20].  The
length between the origin of the IMA and the departure of the LCA was 37.87 ± 8.22
mm (mean ± SD) in our study, and this segment of artery alone was previously shown
to harbour up to 10 LNs[39]. Rosi et al[40] demonstrated that up to 22% of patients with
sigmoid tumours had positive LNs at a distance of 10 to 30 mm from the origin of the
IMA, thus showing that the ligation height impacted survival. Since we showed that
LNs inversely correlate to the feeding stump length, their prognostic value could be
transferred to some extent onto the stump length. These results aid the arguments for
considering the measurement of post-colectomy arterial  stumps as an additional
marker for surgical quality evaluation, with the potential to impact survival.

One similar study[22] that reported longer stumps found no correlations between
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Figure 3

Figure 3  Comparison of arterial stump lengths between the three observers. CL: Cristian livadaru; EFPS: Elena florina paiu-spiridon; FS: Florina sava.

node count and stump length. In that sense it supports the argument that, a more
central ligation provides a more realistic correlation with harvested LNs, assuming
that a dedicated pathology department counted the LNs[27].  This  impacts a more
accurate staging[41] and could theoretically transfer an under-staged patient from stage
II to III, in order to provide benefit not just from the adjuvant chemotherapy but also
from the  additional  prognostic  factor.  Additionally,  the  advantage of  a  surgical
technique that comprehensively retrieves the mesocolon ensures that significantly
more of the newly described tumour deposits are being included in the specimen,
when comparing CME specimens to classic colectomy specimens[35]. The prognostic
capability of tumour deposits in the mesocolon is analogous to that of positive LNs,
with node-negative patients in stages I or II requiring adjuvant chemotherapy[38].

A limit of our study could be the small population size, but we used strict inclusion
and exclusion criteria and analysed a single surgical team with unchanging practice of
surgical technique to determine the accuracy of stump measurement. Seven scans
originated  in  different  radiology  departments;  hence,  for  these,  the  acquisition
protocols  varied slightly in terms of  slice  reconstruction interval,  but  we do not
believe this produced a sizeable difference. The presence of metal clips on the stump
would  have  accelerated  the  identification  process,  but  from  our  radiologists’
viewpoint, they tend to add measuring artefacts. The first author (Livadaru C), who
measured  and  interpreted  the  quantitative  and  qualitative  parameters,  is  not  a
radiologist, but all the data were validated by two independent radiologists (Paiu-
Spiridon EF and Sava F) and the inter-observer agreement test showed no statistically
significant difference between the measurements of the actual stump lengths. This
strong  correlation  between  observers  indicates  that  there  is  high  feasibility  of
performing  the  arterial  stump  evaluation  on  follow-up  contrast  CTs  by  non-
radiological observers, regardless of metal clips. Pre-operative CT scans paired with
the follow-up scans would have aided the stump identification but we do not consider
pre-operative scans essential,  as a member of the surgical team would be able to
clearly identify the desired artery based on familiarity with anatomical landmarks
from the operating field.

Regarding the time interval from surgery to the post-operative CT, other authors
have  already shown that  the  stumps  are  clearly  visible  more  than  2  years  after
surgery[26]. Even if the residual arteries could be affected by post-resectional retraction
over this time, the two groups in our study had statistically similar time intervals
from operation to CT scan (P = 0.227), precluding it from having a major influence on
our comparison.

The CME consensus study group advises a 10 mm safety stump when performing
the CVL[2].  However, a recent systematic review and meta-analysis on mesenteric
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Table 3  All colectomies: Comparison between groups A and B

Group A, median
(mean) in mm, (IQR)

Group B, median
(mean) in mm, (IQR)

A – B difference,
mean in mm ± SD,

(95%CI)

Statistics for A – B
difference1 P-value

All colectomies, n 29 29 - - -

Actual stump 22.63 (25.60), (20.16-
31.04)

61.80 (61.27), (45.07-
69.87)

-35.66 ±30.83, (21.24-
62.26)

χ2 = 27.38, η² = 0.47 < 0.0012

D2PLL 26.00 (25.34), (20.15-
30.53)

34.00 (29.13), (11.00-
41.10)

-3.79 ±13.98, (-
11.90–4.32)

t = -0.936, df = 56 0.353

D2IP, mean ± SD 0.26 ± 12.18 32.14 ± 26.15 -31.88 ± 26.52, (-41.96-
21.79)

χ2 = 22.13, η² = 0.38 < 0.0012

Statistics for D2IP, χ2

(df), P
0.005 (1), 0.944 21.77 (1), < 0.001 - - -

1χ2 = Kruskal-Wallis test; η² = effect size estimate; t = t-test.
2Reference to RESULTS text.  D2IP:  D2 improvement potential,  calculated as  difference of  actual  stump; D2PLL:  D2 predicted ligation level;  IQR:
Interquartile range.

vessels variations determined the mean distance from the origin of the ICA to the
right side of the SMV to be 15.2 mm[9]; our study also showed a median of 9.97 mm.
Although these values correspond to a D2 ligation, they are comparable with the
safety margin of 10 mm proposed for the central ligation. Thus, it would not be wrong
to state that a CME with D2 ligation could be equivalent to a CME with CVL in the
cases when the crossing distance is less or equal to 10 mm, thus sparing the patient
from unnecessary haemorrhagic risks that dissection under the SMV would entail.
The original work of Spasojevic et al[13] shows a benefit of five to six LNs when the D2
ligation properly includes the vertical  compartment  situated lateral  to  the SMV.
Furthermore, as they showed the LN distribution is dependent to anterior or posterior
ICA crossing patterns, they emphasised tailoring the central ligation with respect to
these anatomical variants. Hence, a correct D3 lymphadenectomy could be performed
without dissecting behind the SMV in 42.6% of the reported cases, where the ICA ran
in  front  of  the  SMV  (calculated  from  a  recent  pooled  analysis  of  6090  ileocolic
arteries[9]) and the retrieved nodal compartment would additionally yield a mean of
three LNs[13]. Whether these three LNs would make a substantial difference in the
outcomes remains unknown.

Most importantly, we showed both significantly longer stumps and greater spread
of results upon comparing non–standardized colectomies with CME. We believe that
measuring the arterial stump after colectomies is a simple and reproducible tool for
controlling surgical quality and does not require a specialist radiologist. The fact that
it quantifies the potential for improving the ligation allows for the surgical technique
to be monitored and improved accordingly.  In order to ensure the best  survival
outcomes for each patient, this instrument should be associated with the pathologist’s
evaluation of fascial plane stratification[19]. With these two instruments of standardi-
zation,  standardized  interventions  can  be  promoted  amongst  surgeons  and  the
learning curve for D2 CME could grow in non-tertiary surgical centres.

Conclusion
We put forward now the feasibility of performing accurate arterial stump evaluation
by non-radiologist interpreters. The tight distribution of arterial stumps reflects the
constancy  and quality  of  a  disciplined  surgery.  The  retrospective  setting  offers
insurance that stumps had not been ligated shorter for the sake of comparison, as
their length reflects only strong adherence to the oncological principles of CME. As
the  mesocolic  root  inserts  high on the  mesenteric  vessels,  longer  stumps would
inherently be surrounded by residual mesocolic tissue which allows risk of local
recurrence.  Measuring arterial  stumps could be an additional  tool  for  a  surgical
team’s personal quality measurement. As we showed it to significantly correlate with
a major prognostic factor (LN yield), this straightforward and reproducible tool may
similar potential to predict outcomes. Considering that no serious risks are added
when attempting a D2 vascular ligation, it is recommendable that all surgeons apply
D2-CME as standardized technique for colon cancer, in order to maximize benefits for
their patients.
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Table 4  Right colectomies: Ileocolic artery stump comparison between groups A and B

Group A, mean in mm
± SD, (95%CI)

Group B, mean in mm
± SD, (95%CI)

A – B difference,
mean in mm ± SE,

(95%CI)

Statistics for A – B
difference, t (df)1 P-value

Right colectomies, n 12 10 - - -

Actual stump 16.97 ± 4.77, (13.94-
19.96)

49.93 ± 20.29, (35.40-
64.44)

-32.96 ± 6.53, [-47.62-(-
18.30)]

-5.02 (9.83) 0.0012

D2PLL 11.12 ± 2.97, (9.23-13.00) 7.80 ± 6.53, (3.13-12.47) 3.32 ± 2.10, (-1.06-7.69) 1.58 (20) 0.130

D2IP 5.85 ± 4.71, (2.85-8.84) 42.13 ± 21.50, (26.75-
57.50)

-35.78 ± 6.74, [-50.83-(-
20.72)]

-5.31 (9.77) < 0.0012

Statistics for D2IP, t
(df), P

4.30 (11), 0.0012 6.20 (9), < 0.0012 - - -

1t-test.
2Reference to RESULTS text. D2IP: D2 improvement potential, calculated as difference of actual stump; D2PLL: D2 predicted ligation level.

Table 5  Sigmoidectomies: Inferior mesenteric artery stump comparison between groups A and B

Group A, mean in mm
± SD, (95%CI)

Group B, mean in mm
± SD, (95%CI)

A – B difference,
mean in mm ± SE,

(95%CI)

Statistics for A – B
difference, t (df) P-value

Sigmoidectomies, n 13 16 - - -

Actual stump 35.42 ± 1 5.62, (25.98-
44.86)

69.92 ± 30.29, (53.78-
86.06)

-34.50 ± 9.28, [-53.55-(-
15.45)]

-3.72 (27) < 0.0011

D2PLL 35.15 ± 8.85, (29.80-
40.50)

40.08 ± 8.36, (35.62-
44.53)

-4.93 ± 3.20, (-11.50-1.65) -1.54 (27) 0.136

D2IP 0.27 ± 12.90, [-7.53-(-
8.06)]

29.84 ± 29.67, (14.56-
45.12)

-29.57 ± 8.01, [-46.20-(-
12.94)]

-3.69 (21.72) 0.0011

D3IP 25.42 ± 15.62, (15.98-
34.86)

59.92 ± 30.29, (43.78-
76.06)

-34.50 ± 9.28, [-53.55-(-
15.45)]

-3.72 (27) < 0.0011

Statistics for D2IP, t
(df), P

0.07 (12), 0.9421 4.16 (15), < 0.011 - - -

Statistics for D3IP, t
(df), P

5.87 (12), 0.0011 7.91 (15), < 0.011 - - -

1Reference to RESULTS text. D2IP: D2 improvement potential, calculated as difference of actual stump - D2PLL; D3IP improvement potential, calculated as
difference of actual stump – 10 mm (D3 level). D2PLL: D2 predicted ligation level.

Table 6  Left colectomies: Inferior mesenteric artery stump comparison between groups A and B

Group A, mean in mm
± SD, (95%CI)

Group B, mean in mm
± SD, (95%CI)

A – B difference,
mean in mm ± SE,

(95%CI)

Statistics for A – B
difference, t (df) P-value

Left colectomy, n 4 3 - - -

Actual stump 19.60 ± 9.22, (4.94-34.27) 52.93 ± 13.15, (20.27-
85.60)

-33.33 ± 8.37, [-54.85-(-
11.81)]

-3.98 (5) 0.0111

D2PLL 36.12 ± 3.52, (30.52-
41.73)

40.17 ± 8.25, (19.67-
60.66)

-4.04 ±4.50, (-15.60-7.52) -0.90 (5) 0.410

D2IP -16.52 ± 11.71, (-35.16-
2.12)

12.77 ± 19.79, [-36.40-(-
61.93)]

-29.29 ± 11.8, [-59.64-(-
1.06)]

-2.48 (5) 0.056

D3IP 9.60 ± 9.21, (-5.06-24.27) 42.93 ± 13.15, (10.27-
75.60)

-33.33 ± 8.37, [-54.85-(-
11.81)]

-3.98 (5) 0.0111

Statistics for D2IP, t
(df), P

-2.82 (3), 0.0671 1.12 (2), 0.38 - - -

Statistics for D3IP, t
(df), P

2.08 (3), 0.1291 5.66 (2), 0.031 - - -

1Reference to RESULTS text. D2IP: D2 improvement potential,  calculated as difference of actual stump; D3IP improvement potential,  calculated as
difference of actual stump – 10 mm (D3 level). D2PLL: D2 predicted ligation level.
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Table 7  Left colectomies and sigmoidectomies: Overview of all the inferior mesenteric artery stumps between groups A and B

Group A, mean in mm
± SD, (95%CI)

Group B, mean in mm
± SD, (95%CI)

A – B difference,
mean in mm ± SE,

(95%CI)

Statistics for A – B
difference, t (df) P-value

Left colectomy, n 17 19 - - -

Actual stump 31.70 ± 15.71, (23.62-
39.77)

67.24 ± 28.71, (53.40-
81.07)

-35.54 ± 7.85, [-51.48-(-
19.59)]

-4.53 (34) < 0.001

D2PLL 35.38 ± 7.83, (31.36-
39.41)

40.09 ± 8.11, (36.18-
44.00)

-4.71 ± 2.66, (-10.13-0.70) -1.77 (34) 0.086

D2IP -3.68 ± 14.30, (-11.04-
3.67)

27.14 ± 27.74, (13.77-
40.51)

-30.83 ± 7.25, [-45.68-(-
15.97)]

-4.25 (27.5) < 0.001

D3IP 21.70 ± 15.71, (13.62-
29.78)

57.24 ± 28.71, (43.40-
71.07)

-35.54 ± 7.85, [-51.48-(-
19.59)]

-4.53 (34) < 0.001

Statistics for D2IP, t
(df), P

-1.06 (16), l0.304 4.26 (18), < 0.011 - - -

Statistics for D3IP, t
(df), P

5.69 (16), < 0.001 8.68 (18), < 0.001 - - -

1Reference to RESULTS text. D2IP: D2 improvement potential,  calculated as difference of actual stump; D3IP improvement potential,  calculated as
difference of actual stump – 10 mm (D3 level). D2PLL: D2 predicted ligation level.

Table 8  Group A: Correlation of lymph node count and specimen length with stump length

n Mean (median) SD IQR rs P-value

LN count 29 34.83 (36.00) 16.75 (20.50-43.00) -0.40 0.0321

Specimen length in cm 29 26.26 (23.00) 9.90 (18.00-34.00) -0.44 0.0161

1Reference to RESULTS text. IQR: Interquartile range; LN: Lymph node.

Table 9  Computed tomography evaluated ileocolic artery stumps in the literature

Study, year n Actual ileocolic stump in mm Presumed D2 ileocolic stump in mm

Group A - our study, 2018, mean ± SD (95%CI) 12 17.69 ± 4.77 (13.94-19.96) 11.12 ± 2.97 (9.23-13.00)

Munkedal et al[22] 2017, mean (95%CI) 32 31.0 (25-37) 10.01

Kaye et al[26] 2015, mean, (range) 128 28.1 (2.5–74.3) 14.4 (6.4)

Spasojevic et al[25] 2011, mean ± SD 11 28.0 ± 9.3 18.1 ± 4.0

1Chosen as reference value from the complete mesocolic excision guideline[2,21].

Table 10  Computed tomography evaluated inferior mesenteric artery stumps in the literature

Study, year n Actual IMA stump in mm Presumed IMA stump in mm

Group A from our study, mean ± SD (95%CI) 17 31.70 ± 15.6 (26.0-44.9) 35.38 ± 7.83 (31.36-39.41)

Munkedal et al[22] 2017, mean (95%CI) 20 49.0 (40-57) 35.0

Prevot et al[42] 2013, mean (range) 26 30.3 (0.3–60) -

IMA: Inferior mesenteric artery.
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Figure 4

Figure 4  Comparison of all the actual stumps between groups with horizontal reference to D2 predicted ligation levels. D2PLL: D2 predicted ligation level.

Figure 5

Figure 5  Comparison of ileocolic artery actual stump from right colectomies between groups, with horizontal reference to D2 predicted ligation levels.
D2PLL: D2 predicted ligation level; ICA: Ileocolic artery.
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Figure 6

Figure 6  Comparison of inferior mesenteric artery actual stumps from sigmoidectomies between groups, with horizontal reference to D2 predicted ligation
levels and D2 predicted ligation levels. D2PLL: D2 predicted ligation level; D3PLL: D3 predicted ligation level; IMA: Inferior mesenteric artery.

Figure 7

Figure 7  Comparison of inferior mesenteric artery actual stumps from left colectomies between groups, with horizontal reference to D2 predicted ligation
levels and D3 predicted ligation levels. D2PLL: D2 predicted ligation level; D3PLL: D3 predicted ligation level; IMA: Inferior mesenteric artery.
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Figure 8

Figure 8  Comparison of inferior mesenteric artery actual stumps from sigmoidectomies and left colectomies between groups, with horizontal reference to
D2 predicted ligation levels and D3 predicted ligation levels. D2PLL: D2 predicted ligation level; D3PLL: D3 predicted ligation level; IMA: Inferior mesenteric artery.

ARTICLE HIGHLIGHTS
Research background
Surgery has witnessed a paradigm shift  in colon cancer management ever since prominent
researchers have proposed complete mesocolic excision (CME) as the optimal surgical technique.
CME  specimens  have  been  demonstrated  as  superior  to  standard  resections,  and  patient
outcomes have significantly improved. Despite this, adoption among surgeons is still not clear
because quality criteria are not well defined. On this basis, researchers have proposed various
quality markers - lymph node yield, mesocolon area, distance from central vascular ligation
(CVL) to colon margin, etc.

Research motivation
Because quality criteria in colon surgery are not yet defined, CME adoption is still behind total
mesorectal  excision.  A consensus  is  needed to  group already-proven pathological  quality
markers with newly-advocated radiological markers and to establish standards in colon surgery.
The value of measuring arterial stumps on post-operative computed tomography (CT) scans has
been  previously  analysed,  but  never  in  a  comparative  study  between  CME and standard
specimens.

Research objectives
In our advent to better define quality criteria for colon resections, we sought to analyse the value
of measuring arterial stumps on post-operative CT scans in a comparative setting between CME
and non-CME specimens, for the first time. By testing our hypothesis that arterial stumps are
shorter in the CME group and are correlated with prognosis, we aimed to establish arterial
stumps as tools to assess CME surgery.

Research methods
This  study  was  designed  as  a  retrospective  analysis  and  conducted  on  a  prospectively
maintained database. Two groups of adult patients were included in consecutive order. All
underwent surgery with curative intent for colon cancer (stages I-III UICC 7th edition) and had at
least one post-operative good quality contrast-enhanced CT scan that was available for re-
evaluation.  Group A were  operated  based  on  standard  CME principles  whereas  group B
underwent  conventional  colectomy.  Measurements  of  arterial  stumps were  done by three
observers. Shapiro-Wilk test was used to verify normal distribution of data. Kruskal-Wallis test
confirmed inter-observer correlation. Stump measurements were analysed comparatively using
Student’s t-test. Paired and independent t-test was used to quantify potential for improvement of
the ligation height and to compare potentials for improvement between the two groups. Non-
normal distribution and non-parametric data was analysed using Kruskal-Wallis test.

Research results

WJGO https://www.wjgnet.com March 15, 2019 Volume 11 Issue 3

Livadaru C et al. CT scan – CME quality assessment

223



From 193 consecutive  patients,  58  patients  were  selected after  applying the  inclusion and
exclusion criteria (29 in CME group, 29 in non-CME group). After comparatively analyzing
stump length in both groups, Shorter lengths were obtained in group A, by a mean difference of
35.66 mm (χ2= 27.38, P < 0.001), which was significant for all types of colectomies. Ligations from
group A significantly reached their potential height (0.26 ± 12.18 mm from D2PLL; χ2= 0.005, P =
0.944) in comparison with group B were the overwhelming majority failed to reach D2PLL, by a
mean difference of 32.14 ± 26.15 mm (χ2 = 21.77, P < 0.001). Moreover, improvement potentials
were far shorter in group A than group B (χ2= 22.13, P < 0.001). Significant more variability was
found  in  resections  of  group  B  (P  =  0.004).  No  significant  difference  was  found  when
measurements  of  three  different  observers  were  analysed  (P  =  0.866).  Stump  length  was
statistically correlated with specimen length and lymph node yield (P = 0.018 and P = 0.008
respectively).

Research conclusions
Measuring arterial stumps is a simple and standard tool for defining surgical quality of colon
resections. It may be, as well,  a straightforward prognostic factor given its correlation with
lymph node yield.

Research perspectives
Our study is a step forward in refining quality criteria for colon surgery. Further research is
needed  on  larger  cohorts  to  compare  the  value  of  stump  measurement  to  specimen
measurements such as CVL distance or mesocolon surface area. The threshold for CVL should be
further analysed, as D3 dissection may not aid in significantly better surgical specimens and
outcomes.
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Abstract
BACKGROUND
It is usually difficult to adequately conduct percutaneous ultrasound-guided
radiofrequency (RF) ablation for hepatocellular carcinomas (HCCs) abutting the
diaphragm. Our hypothesis was that the subphrenic location of HCC could have
an effect on the long-term therapeutic outcomes after hepatic resection and RF
ablation.

AIM
To compare the long-term therapeutic outcomes of hepatic resection and
percutaneous RF ablation for HCCs abutting the diaphragm.

METHODS
A total of 143 Child-Pugh class A patients who had undergone hepatic resection
(n = 80) or percutaneous ultrasound-guided RF ablation (n = 63) for an HCC (≤ 3
cm) abutting the right diaphragm were included. Cumulative local tumor
progression (LTP), cumulative intrahepatic distant recurrence (IDR), disease-free
survival (DFS), and overall survival (OS) rates were estimated. Prognostic factors

WJGO https://www.wjgnet.com March 15, 2019 Volume 11 Issue 3227

https://www.wjgnet.com
https://dx.doi.org/10.4251/wjgo.v11.i3.227
http://orcid.org/0000-0002-2767-3622
http://orcid.org/0000-0003-3269-7503
http://orcid.org/0000-0002-9737-0248
http://orcid.org/0000-0001-9048-9011
http://orcid.org/0000-0002-8991-6407
http://orcid.org/0000-0002-3076-2327
http://orcid.org/0000-0002-1903-8354
http://orcid.org/0000-0003-1732-6210
mailto:hyokeun.lim@samsung.com


selected by an in-house editor and
fully peer-reviewed by external
reviewers. It is distributed in
accordance with the Creative
Commons Attribution Non
Commercial (CC BY-NC 4.0)
license, which permits others to
distribute, remix, adapt, build
upon this work non-commercially,
and license their derivative works
on different terms, provided the
original work is properly cited and
the use is non-commercial. See:
http://creativecommons.org/licen
ses/by-nc/4.0/

Manuscript source: Invited
manuscript

Received: October 23, 2018
Peer-review  started:  October  23,
2018
First decision: November 29, 2018
Revised: December 12, 2018
Accepted: January 5, 2019
Article in press: January 6, 2019
Published online: March 15, 2019

for DFS and OS were analyzed. Complications were evaluated.

RESULTS
The cumulative IDR rate, DFS rate, and OS rate for the hepatic resection group
and RF ablation group at 5 years were “35.9% vs 65.8%”, “64.1% vs 18.3%”, and
“88.4% vs 68.7%”, respectively. Hepatic resection was an independent prognostic
factor for DFS (P ≤ 0.001; hazard ratio, 0.352; 95%CI: 0.205, 0.605; with RF ablation
as the reference category); however, treatment modality was not an independent
prognostic factor for OS. The LTP rate was 46.6% at 5 years for the RF ablation
group. The major complication rate was not significantly different between the
groups (P = 0.630). The rate of occurrence of peritoneal seeding was higher in the
RF ablation group (1.3% vs 9.5%, P = 0.044).

CONCLUSION
Although OS was not significantly different between patients who had gone
hepatic resection or percutaneous RF ablation for HCCs abutting the diaphragm,
DFS was better in the hepatic resection group.

Key words: Hepatic resection; Radiofrequency ablation; Hepatocellular carcinoma;
Diaphragm; Treatment outcome

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: The aim of this study was to compare the long-term therapeutic outcomes of
hepatic resection and percutaneous radiofrequency (RF) ablation for hepatocellular
carcinomas abutting the diaphragm. The disease-free survival (DFS) rate was 64.1% and
18.3% for the hepatic resection group and the RF ablation group, and overall survival
(OS) rate was 88.4% and 68.7% for the hepatic resection group and the RF ablation
group at 5 years. The local tumor progression rate was as high as 46.6% for the RF
ablation group. Although OS was not significantly different between two groups, DFS
was better in the hepatic resection group.

Citation: Song KD, Lim HK, Rhim H, Lee MW, Kang TW, Paik YH, Kim JM, Joh JW.
Hepatic resection vs percutaneous radiofrequency ablation of hepatocellular carcinoma
abutting right diaphragm. World J Gastrointest Oncol 2019; 11(3): 227-237
URL: https://www.wjgnet.com/1948-5204/full/v11/i3/227.htm
DOI: https://dx.doi.org/10.4251/wjgo.v11.i3.227

INTRODUCTION
Both hepatic  resection and radiofrequency (RF) ablation are considered curative
procedures for very early or early-stage hepatocellular carcinoma (HCC)[1].  Many
studies have revealed that RF ablation is comparable to hepatic resection in terms of
long-term survival for patients with early-stage HCC[2-4]. However, most studies have
not taken into account the location of HCCs. Tumor location is an important factor
affecting  local  tumor  control  especially  for  RF  ablation  due  to  its  technical
complexity[5].

When an HCC is located in the liver abutting the right diaphragm, an adequate
accomplishment of percutaneous ultrasound (US)-guided RF ablation is difficult due
to the poor sonic window resulting from lung shadowing and the potential risk of
collateral thermal injury to the diaphragm. According to a preliminary study, local
tumor  progression  (LTP)  after  percutaneous  RF  ablation  was  more  frequent  in
patients  with  subphrenic  HCCs  (29%)  than  in  nonsubphrenic  HCCs  (6%)[6].  To
overcome this  inherent  limitation,  many investigators  have used the infusion of
artificial ascites or pleural effusion. Several studies have reported that percutaneous
RF  ablation  with  infusion  of  artificial  ascites  or  pleural  effusion  was  safe  and
effective[7-10]. However, the LTP rate after RF ablation for subphrenic HCCs remained
high even with the application of these special techniques[9]. The effect of the specific
location of HCC on the long-term therapeutic outcomes after hepatic resection and RF
ablation has not yet been investigated. Thus, the aim of this study was to compare the
long-term therapeutic outcomes of hepatic resection vs percutaneous RF ablation for
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the curative treatment of HCCs abutting the diaphragm.

MATERIALS AND METHODS
Our Institutional Review Board approved this retrospective study, and informed
consent was waived.

Patients
Between January 2006 and October 2010, 5981 patients were diagnosed with HCC at
our  institution.  This  study  included  patients  from  the  same  population  as  in  a
previous study that was conducted at our institution; however, the study design and
result  analysis  methods are  different[11].  Inclusion criteria  for  our  study were  as
follows: (1) patients who had undergone percutaneous US-guided RF ablation or
hepatic resection for HCC as a first-line treatment; (2) patients who had a single HCC
≤ 3 cm; (3) patients with HCC abutting the right diaphragm (subphrenic HCC); and
(4) patients with Child-Pugh class A. A subphrenic HCC in our study was defined as
a tumor that abutted the right diaphragm on axial or coronal images of computed
tomography (CT) or magnetic resonance imaging. We excluded tumors that abutted
the left  diaphragm because they are different from the tumors abutting the right
diaphragm in  many ways,  in  terms  of  treatment.  Most  tumors  abutting  the  left
diaphragm are located under the heart and are, hence, considered more technically
difficult to treat compared to those close to the right diaphragm. In addition, the use
of artificial ascites or pleural effusion is usually ineffective for tumors abutting the left
diaphragm.  Instead,  hepatic  resection  of  tumors  abutting  the  left  diaphragm
(especially in the left lateral segment) is easily performed either after laparotomy or
with a laparoscopic approach. Finally, our study included 63 patients (49 men, 14
women; mean age, 60.3 years; range, 41–78 years) who had undergone percutaneous
RF ablation and 80 patients (62 men, 18 women; mean age, 53.5 years; range, 30–78
years) who had been treated with hepatic resection. The patient inclusion flowchart is
shown in Figure 1.

In 3 (4.7%) patients in the RF ablation group, HCC was confirmed histologically via
percutaneous US-guided biopsy. In the remainder of the patients in the RF ablation
group,  HCC  was  diagnosed  based  on  one  of  two  clinical  guidelines  from  the
American Association for the Study of Liver Diseases at the time of RF ablation[1,12].
For all patients in the hepatic resection group, HCC was diagnosed histologically after
hepatic resection.

Treatment of HCC and follow-up
The general inclusion criteria for hepatic resection at our institution were as follows:
(1) a single tumor or oligonodular tumors within a monosegment of the liver; (2) an
indocyanine green retention rate less than 20% at 15 min; (3) serum total bilirubin
level less than 1.5 mg/dL; (4) no severe portal hypertension; and (5) no gross ascites.
The inclusion criteria for percutaneous RF ablation at our institution were as follows:
(1) a single tumor (≤ 5 cm in the greatest dimension) or multiple nodular tumors
(three or fewer, each ≤ 3 cm in the greatest dimension); (2) Child-Pugh class A or B
disease; (3) no evidence of portal vein thrombosis or extrahepatic metastasis; and (4)
prothrombin  time  ratio  >  50%,  and  platelet  count  >  50000/mm3  (50  ×  109/L).
Treatment modality was decided based on age, liver function reserve, tumor location,
surgical risk, and patient preference by a multidisciplinary tumor board composed of
hepatologists, radiologists, surgeons, and medical and radiation oncologists.

Hepatic resection was performed by one of two surgeons (JHK and JWJ) with more
than 10 years of experience in hepatobiliary surgery by the end of the study. The types
of  hepatic  resection  were  as  follows:  subsegmentectomy  in  58  patients,  biseg-
mentectomy  in  five  patients,  posterior  sectionectomy  in  12  patients,  right
hemihepatectomy in two patients,  anterior  sectionectomy in one patient,  central
hepatectomy in one patient, and extended left hemihepatectomy in one patient. As a
result, anatomical resection was performed in 17 (21.3%) patients and non-anatomical
resection was performed in 63 (78.8%) patients[13]. Hepatic resection was performed
after laparotomy in 78 (97.5%) patients and with laparoscopy in two (2.5%) patients.
RF ablation was performed by one of five interventional radiologists (MWL, DC, HR,
HKL, and YK) with more than 6 years of experience in RF ablation by the end of the
study. The process and method of RF ablation were the same as those described in a
previous study[14].  In brief,  RF ablation was performed percutaneously under the
guidance  of  real-time  US.  We  used  internally  cooled  electrode  systems  with
generators (Cool-tip RF System, Covidien, Mansfield, MA, United States; or VIVA
RFA System,  STARmed,  Goyang,  South Korea).  Sedation was  performed via  an
intravenous injection of pethidine hydrochloride (Samsung Pharmaceuticals, Seoul,
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Figure 1

Figure 1  Flowchart of patient inclusion. HCC: Hepatocellular carcinoma; RF: Radiofrequency.

South Korea) and fentanyl citrate (GUJU Pharma, Seoul, South Korea). To improve the
sonic  window and avoid  thermal  injury  to  the  diaphragm,  artificial  ascites  (5%
dextrose  in  a  water  solution)  was  infused into  the  perihepatic  space  using  a  5F
angiosheath in 39 (61.9%) patients.

After  RF  ablation,  immediate  follow-up  contrast  agent-enhanced  CT  was
performed to evaluate the therapeutic response and possible complications. Contrast
agent-enhanced CT was performed at the 1 mo follow-up, every 3 mo during the first
2 years, followed by every 4-6 mo according to the risk of recurrence for both the
hepatic resection group and RF ablation group.

Data acquisition
Baseline characteristics of patients and HCCs were obtained through review of their
electronic medical record from our institution. To compare the therapeutic outcomes
between the two groups, intrahepatic distant recurrence (IDR), disease-free survival
(DFS), and overall survival (OS) were calculated. IDR was defined as a new tumor
appearing in the liver separate from the treated area. DFS was defined as the time
interval  from the  date  of  treatment  to  one  of  the  following events:  intrahepatic
recurrence, extrahepatic recurrence, or death. OS was defined as the time interval
from  the  date  of  treatment  to  death.  If  the  patients  had  undergone  liver
transplantation,  they were considered to have been censored at  the time of liver
transplantation. Complications were stratified according to the Clavien classification
of  postoperative  complications,  and  complications  of  grade  II  or  higher  were
considered major complications[15]. Local tumor progression (LTP) was evaluated for
the RF ablation group. LTP was defined as the appearance of new tumor foci at the
margin of the ablation zone after at least one contrast-enhanced follow-up study had
demonstrated an absence of viable tumors[16].

Statistical analysis
Continuous data were compared using two-sample t tests, and categorical variables
were compared using chi-squared tests between the two groups. Cumulative LTP,
cumulative IDR, DFS, and OS rates were estimated using the Kaplan-Meier method.
Prognostic  factors  for  DFS  and OS were  assessed  using  Cox  regression  models.
Proportional hazard (PH) assumption for the Cox proportional hazard model was
tested using Schoenfeld’s method. For the variables with violation of PH assumption,
the time-dependent Cox regression was applied. When the time dependence was not
significant, the Cox proportional hazard model was applied. Possible risk factors with
P values of 0.1 or less at univariate analyses were entered into the multivariate Cox
proportional hazard models. Subgroup analysis for patients with ≤ 2 cm HCCs was
performed  with  Cox  proportional  hazard  models.  All  statistical  analyses  were
performed using a software (PASW statistical software, version 18.0; SPSS, Chicago,
IL). For all tests, a P value < 0.05 was defined as a significant difference.
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RESULTS
Baseline characteristics  of  patients  and HCCs are shown in Table 1.  The median
follow-up period was 74.9 mo (range, 10.3-117.8 mo) in the hepatic resection group
and 65.3 mo (range, 4.1-113.9 mo) in the RF ablation group. The RF ablation group
was significantly older, and they exhibited a lower α-fetoprotein level, platelet count,
and serum albumin level, and a higher prothrombin time. In the RF ablation group,
the proportion of patients with liver cirrhosis and hepatitis C virus was higher and
the proportion of patients with hepatitis B virus was lower compared to that in the
hepatic  resection  group.  The  mean size  of  HCCs was  not  significantly  different
between the two groups.

Therapeutic outcomes
The  cumulative  IDR  rates  at  1-,  3-,  and  5-years  were  15.0%,  29.1%,  and  35.9%,
respectively,  for  the  hepatic  resection  group  and  13.1%,  54.5%,  and  65.8%,
respectively, for the RF ablation group (Figure 2A). The estimated DFS rates at 1-, 3-,
and 5-years were 85.0%, 70.9%, and 64.1%, respectively, for the hepatic resection
group and 69.5%, 27.5%, and 18.3%, respectively, for the RF ablation group (Figure
2B).  The estimated OS rates  at  1-,  3-,  and 5-years  were 97.5%,  92.3%,  and 88.4%,
respectively, for the hepatic resection group and 100%, 81.4%, and 68.7%, respectively,
for the RF ablation group (Figure 2C). For the RF ablation group, the cumulative LTP
rates were 22.5%, 37.8%, and 46.6% at 1-, 3-, and 5-years, respectively (Figure 3).

Analysis of risk factors
Based on multivariate analysis, there was no independent prognostic factor for OS.
Hepatic resection [P ≤ 0.001; hazard ratio (HR), 0.352; 95% confidence interval (CI):
0.205, 0.605; with RFA as the reference category], alanine aminotransferase level (P =
0.006; HR, 1.011; 95%CI: 1.003, 1.020), and serum albumin level (P = 0.014; HR, 0.481;
95%CI: 0.269, 0.860) were independent prognostic factors for DFS (Tables 2 and 3).

Subgroup analysis for patients with ≤ 2 cm HCC
Thirty-seven patients in the hepatic resection group and 27 patients in the RF ablation
group had ≤ 2 cm HCC. The cumulative IDR rates at 1-, 3-, and 5-years were 13.5%,
27.3%, and 33.1%, respectively, for the hepatic resection group and 15.3%, 60.3%, and
70.2%, respectively, for the RF ablation group. The estimated DFS rates at 1-, 3-, and 5-
years were 86.5%, 72.7%, and 66.9%, respectively, for the hepatic resection group and
81.0%, 27.4%, and 18.3%, respectively, for the RF ablation group. The estimated OS
rates at 1-, 3-, and 5-years were 100%, 94.5%, and 91.7%, respectively, for the hepatic
resection group and 100%, 83.8%, and 65.4%, respectively, for the RF ablation group.
In multivariate analysis, hepatic resection was an independent prognostic factor for
DFS (P = 0.018; HR, 0.365; CI: 0.158-0.844), but was not an independent prognostic
factor for OS.

Complications and treatment for recurrent HCC
There  was  no  treatment-related  mortality  in  either  group.  Major  complications
occurred in three patients (3.8%) in the hepatic resection group: Grade II, pneumonia
(n  =  1)  and intraperitoneal  hemorrhage  (n  =  1);  and Grade  III,  wound infection
requiring surgery (n = 1). In the RF ablation group, a major complication occurred in
one  patient  (1.6%):  Grade  III,  pleural  effusion  requiring  drainage.  The  major
complication rate was not significantly different between the two groups (P = 0.060).
The posttreatment hospital  stay was significantly longer in the hepatic  resection
group (median, 9 d; range, 5-23 d) than in the RF ablation group (median, 1.0 d; range,
1-4 d; P < 0.001).

During the follow-up period, peritoneal seeding occurred in one patient (1.3%) in
the hepatic resection group and six patients (9.5%) in the RF ablation group, and the
rate of peritoneal seeding was significantly different (P = 0.044).

During the follow-up period, LTP occurred in 29 (46.0%) of the 63 patients in the RF
ablation group. The initial treatment modalities for LTP were as follows: transarterial
chemoembolization (TACE) (n = 14), RF ablation (n = 12), hepatic resection (n = 1),
combined TACE and RF ablation (n = 1), and combined TACE and radiation therapy
(n = 1). In 26 of 29 patients, LTP was controlled with additional treatments, and the
number of additional treatments was as follows: One (n = 17), two (n = 3), three (n =
4), and six (n  = 2). For the remaining three patients, LTP was not controlled even
though they received repeated treatments with TACE or RF ablation. In addition,
multiple intra- and extrahepatic metastases occurred. Finally, sorafenib treatment was
administered. IDR occurred in 31 (38.8%) of the 80 patients in the hepatic resection
group, and treatment modalities were as follows: TACE (n = 18), RF ablation (n = 11),
cryoablation (n = 1), and hepatic resection (n = 1). IDR occurred in 42 (66.7%) of the 63

WJGO https://www.wjgnet.com March 15, 2019 Volume 11 Issue 3

Song KD et al. Surgery vs RFA for subphrenic HCC

231



Table 1  Baseline patient characteristics

Variable Hepatic resection (n = 80) RF ablation (n = 63) P value

Mean age (yr) 53.5 ± 9.0 60.3 ± 8.7 < 0.001

Male sex 62 (78) 49 (78) 0.968

Etiology 0.042

HBV 68 (85) 43 (68)

HCV 6 (8) 13 (20)

NBNC 6 (8) 7 (11)

Liver cirrhosis 50 (63) 50 (79) 0.029

Tumor size 2.1 ± 0.6 2.1 ± 0.5 0.906

α-fetoprotein (ng/mL) 200 ± 489 72 ± 165 0.031

Platelet count (× 103/mm3) 148 ± 49 107 ± 49 < 0.001

Alanine aminotransferase (IU/L) 41 ± 21 40 ± 30 0.849

Total bilirubin (mg/dL) 0.7 ± 0.3 0.7 ± 0.4 0.99

Albumin (g/dL) 4.2 ± 0.4 3.9 ± 0.4 < 0.001

Prothrombin time (INR) 1.1 ± 0.1 1.2 ± 0.1 < 0.001

Continuous data were evaluated using two-sample t tests and categorical variables were analyzed using Chi-
square tests. Data represent the number of patients with percentage in parentheses or the mean ± SD. RF:
Radiofrequency; HBV: Hepatitis B virus; HCV: Hepatitis C virus; NBNC: Non-B non-C; INR: International
normalized ratio.

patients in the RF ablation group, and treatment modalities were as follows: TACE (n
= 16), RF ablation (n = 20), combined TACE and RF ablation (n = 3), hepatic resection
(n = 1), liver transplantation (n = 1), and sorafenib treatment (n = 1).

DISCUSSION
In our study, we compared long-term therapeutic outcomes for treatments using
hepatic resection and percutaneous RF ablation for HCCs (≤ 3 cm) abutting the right
diaphragm; we found that the treatment modality was a significant prognostic factor
for DFS, but was not an independent prognostic factor for OS. For the RF ablation
group, the LTP rate was as high as 46.6% at 5 years. The location of tumors can affect
the technical difficulty in local control of tumors, especially for RF ablation. Although
there have been many studies that compared therapeutic outcomes between hepatic
resection and RF ablation for HCC, most of them did not consider the location of
tumors. In this way, the results of our study, which compares hepatic resection and
percutaneous RF ablation for HCCs with consideration of the location of tumors, can
provide important data for the proper management of HCCs abutting the diaphragm.

In our study, the LTP rate was 46.6% at 5 years for the RF ablation group. The LTP
rate was much higher than rates reported in previous studies that included all HCCs
located in the liver[11,14,17-19]. Percutaneous RF ablation for subphrenic HCCs is difficult
to adequately perform for several reasons. First, the poor sonic window resulting
from  the  lung  shadow  makes  it  difficult  to  accurately  target  tumors  with  the
electrodes.  Second,  all  tumors  were  subcapsular  HCCs in  our  study.  In  general,
subcapsular HCCs are considered to be more difficult to treat with percutaneous HCC
than nonsubcapsular HCCs because of the difficulty of placing an electrode and not
being able to obtain enough ablative margin along the hepatic capsule.

In this study, patients who had undergone hepatic resection exhibited longer DFS
compared  to  those  who  had  undergone  RF  ablation.  This  result  is  in  line  with
previous studies that compared DFS outcomes for hepatic resection and RF ablation
for HCC[20,21]. In our study, the estimated DFS rates at 1-, 3-, and 5-years were 85.0%,
70.9%, and 64.1%, respectively, for the hepatic resection group and 69.5%, 27.5%, and
18.3%, respectively, for the RF ablation group. In the previous study at our institution
that compared RF ablation with hepatic resection for single HCC ≤ 3 cm located in the
liver, the estimated DFS rate at 5 years was 61.1% for the hepatic resection group and
31.7% for the RF ablation group[11]. The DFS rate for the hepatic resection group of this
study was similar to our previous result. However, the DFS rate for the RF ablation
group of this study was lower than our previous result.  This difference can most
likely be explained by the high LTP rate for the RF ablation group in this study.

According to previous studies, RF ablation was comparable to hepatic resection for
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Figure 2

Figure 2  Cumulative intrahepatic distant recurrence rates (A), disease-free survival rates (B), and overall
survival rates (C). IDR: Intrahepatic distant recurrence; RF: Radiofrequency.

very early and early-stage HCCs in terms of OS[22-24]. In our study, estimated OS rates
for  the  hepatic  resection  group  (97.5%,  92.3%,  and  88.4%  at  1-,  3-,  and  5-years,
respectively) appeared to be better than those for the RF ablation group (100%, 81.4%,
and 68.7% at 1-, 3-, and 5-years). However, similar to previous studies, treatment
modality was not an independent prognostic factor for OS according to multivariate
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Figure 3

Figure 3  Local tumor progression rate in the radiofrequency ablation group. LTP: Local tumor progression.

analyses in our study.
Previous studies have reported comparable outcomes between RF ablation and

hepatic resection in terms of long-term survival for patients with early-stage HCC.
Based on these results,  both hepatic  resection and RF ablation are considered as
curative treatment options for early stage HCC. Although treatment modality was not
an independent prognostic factor for OS in patients with subphrenic HCCs, there
were some differences in treatment outcomes between patients  with subphrenic
HCCs and nonsubphrenic HCCs that need to be considered when treatment modality
is determined. First, the LTP rate after RF ablation was much higher for patients with
subphrenic HCCs. Second, recurrent LTP was common in patients with subphrenic
HCCs. In 12 (41%) of 29 patients who had LTP, multiple treatments were performed
to control the LTP. Third, the peritoneal seeding rate for subphrenic HCCs was as
high as 9.5% in the RF ablation group. Considering these unfavorable outcomes of RF
ablation for subphrenic HCCs, it may be reasonable to preferentially consider hepatic
resection as the first-line treatment for subphrenic HCCs rather than percutaneous RF
ablation. Otherwise, laparoscopic RF ablation or combined TACE and RF ablation
should  be  considered  because  these  modalities  can  be  more  effective  than
percutaneous RF ablation alone in terms of local tumor control[25-27]. However, this
issue needs to be investigated further.

Our study has some limitations. First, because this is a retrospective study, the
treatment groups were not randomized, and we could not exclude the possibility of
selection  bias.  However,  we  analyzed  the  effect  of  treatment  modality  (hepatic
resection vs percutaneous RF ablation) after controlling for potential compounding
factors. Second, HCC was diagnosed based on clinical guidelines in most patients in
the RF ablation group. Therefore, there was a possibility of false-positive diagnosis,
which could affect the outcomes. Third, this is a single-center study. In general, the
outcomes of both hepatic resection and RF ablation greatly depend on the expertise
and experience of the operators. In addition, we only used the single straight type of
RF electrode and US as a guiding modality. Using other types of RF electrodes or
guiding modalities may result  in different therapeutic outcomes.  Therefore,  care
should be taken when generalizing our results to that from other institutions.

In conclusion, although OS was not significantly different between patients who
had undergone hepatic resection or percutaneous RF ablation for HCCs abutting the
diaphragm, DFS was better in the hepatic resection group, and LTP was as high as
46.6% at 5 years in the RF ablation group. Therefore, it may be reasonable that hepatic
resection  should  be  preferentially  considered  over  percutaneous  US-guided  RF
ablation as a first-line treatment for HCCs abutting the diaphragm.
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Table 2  Univariate and multivariate analysis of prognostic factors for overall survival

Variable
Univariate analysis Multivariate analysis

HR P value HR P value

Group (RF ablation) 0.364 (0.179, 0.742) 0.005 0.676 (0.309, 1.482) 0.329

Age 1.025 (0.988, 1.063) 0.187

Sex (female) 0.975 (0.439, 2.165) 0.95

Etiology (hepatitis B virus)1 0.028 0.176

Hepatitis C virus 3.053 (1.240, 7.516) 0.01 2.180 (0.854, 5.566) 0.124

NBNC 2.292 (0.671, 7.831) 0.26 2.433 (0.686, 8.636) 0.232

Liver cirrhosis (absence) 1.834 (0.756, 4.446) 0.18

Tumor size 1.505 (0.782, 2.899) 0.221

α-fetoprotein 1.000 (1.000, 1.001) 0.345

Platelet count 0.989 (0.982, 0.996) 0.003 0.991 (0.982, 1.000) 0.051

Alanine aminotransferase 1.006 (0.993, 1.019) 0.36

Total bilirubin 1.031 (0.393, 2.704) 0.951

Albumin 0.327 (0.148, 0.727) 0.006 0.485 (0.189, 1.244) 0.132

Prothrombin time (INR) 19.351 (1.354, 1798.539) 0.034 0.325 (0.002, 46.731) 0.657

The Cox proportional hazards model was used for univariate and multivariate analysis. The reference category for each categorical variable is provided in
the square brackets in the first column.
1Bonferroni correction was used owing to multiple comparisons. Numbers in parentheses represent the 95%CI. HR: Hazard ratio; RF: Radiofrequency;
NBNC: Non-B non-C; INR: International normalized ratio.

Table 3  Univariate and multivariate analysis of prognostic factors for disease-free survival

Variable
Univariate analysis Multivariate analysis

HR P value HR P value

Group (RF ablation) 0.272 (0.174, 0.427) < 0.001 0.352 (0.205, 0.605) < 0.001

Age 1.036 (1.012, 1.060) 0.003 1.015 (0.987, 1.043) 0.306

Sex (female) 1.096 (0.650, 1.847) 0.732

Etiology (hepatitis B virus) 1 0.726

Hepatitis C virus 1.507 (0.789, 2.878) 0.31

NBNC 1.121 (0.483, 2.601) 1

Liver cirrhosis (absence) 1.526 (0.916, 2.544) 0.105

Tumor size 0.976 (0.658, 1.448) 0.904

α-fetoprotein 1.000 (0.999, 1.000) 0.391

Platelet count 0.991 (0.987, 0.995) < 0.001 0.998 (0.993, 1.004) 0.542

Alanine aminotransferase 1.008 (1.000, 1.017) 0.045 1.011 (1.003, 1.020) 0.006

Total bilirubin 0.995 (0.540, 1.833) 0.988

Albumin 0.281 (0.168, 0.470) < 0.001 0.481 (0.269, 0.860) 0.014

Prothrombin time (INR) 147.887 (13.992, 1563.115) < 0.001 4.212 (0.195, 90.886) 0.359

The Cox proportional hazards model was used for univariate and multivariate analysis. The reference category for each categorical variable is in the square
brackets in first column. 1Bonferroni correction was used owing to multiple comparisons. Numbers in parentheses represent the 95%CI. HR: Hazard ratio;
RF: Radiofrequency; NBNC: Non-B non-C; INR: International normalized ratio.

ARTICLE HIGHLIGHTS
Research background
Many studies have revealed that radiofrequency (RF) ablation is comparable to hepatic resection
in terms of long-term survival for patients with early stage hepatocellular carcinoma (HCC).
However, most studies have not taken into account the location of HCCs.

Research motivation
Our study attempted to analyze the effect of the subphrenic location of HCC on the long-term
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therapeutic outcomes after hepatic resection and RF ablation.

Research objectives
To compare the long-term therapeutic outcomes between hepatic resection vs percutaneous RF
ablation for HCCs abutting the diaphragm.

Research methods
A total of 143 Child-Pugh class A patients who had undergone hepatic resection (n  = 80) or
percutaneous RF ablation (n  = 63) for an HCC (≤ 3 cm) abutting the right diaphragm were
included. Therapeutic outcomes were compared.

Research results
Hepatic resection was an independent prognostic factor for disease-free survival (DFS) (P  ≤
0.001;  hazard ratio,  0.352;  95%CI:  0.205,  0.605;  with RF ablation as  the reference category);
however, treatment modality was not an independent prognostic factor for overall survival (OS).
The local tumor progression rate was 46.6% at 5 years for the RF ablation group.

Research conclusions
Although OS was not significantly different between patients who had undergone hepatic
resection or percutaneous RF ablation for HCCs abutting the diaphragm, DFS was better in the
hepatic resection group.

Research perspectives
Further studies with large sample size and multicenter prospective studies are needed to confirm
the conclusion of this study.
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Abstract
BACKGROUND
Cholangiocarcinoma is a highly lethal disease that had been underestimated in
the past two decades. Many risk factors are well documented for in
cholangiocarcinoma, but the impacts of advanced biliary interventions, like
endoscopic sphincterotomy (ES), endoscopic papillary balloon dilatation (EPBD),
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and cholecystectomy, are inconsistent in the previous literature.

AIM
To clarify the risks of cholangiocarcinoma after ES/EPBD, cholecystectomy or no
intervention for cholelithiasis using the National Health Insurance Research
Database (NHIRD).

METHODS
From data of NHIRD 2004-2011 in Taiwan, we selected 7938 cholelithiasis cases
as well as 23814 control group cases (matched by sex and age in a 1:3 ratio). We
compared the previous risk factors of cholangiocarcinoma and
cholangiocarcinoma rate in the cholelithiasis and control groups. The incidences
of total and subsequent cholangiocarcinoma were calculated in ES/EPBD
patients, cholecystectomy patients, cholelithiasis patients without intervention,
and groups from the normal population.

RESULTS
In total, 537 cases underwent ES/EPBD, 1743 cases underwent cholecystectomy,
and 5658 cholelithiasis cases had no intervention. Eleven (2.05%), 37 (0.65%), and
7 (0.40%) subsequent cholangiocarcinoma cases were diagnosed in the ES/EPBD,
no intervention, and cholecystectomy groups, respectively, and the odds ratio for
subsequent cholangiocarcinoma was 3.13 in the ES/EPBD group and 0.61 in the
cholecystectomy group when compared with the no intervention group.

CONCLUSION
In conclusion, symptomatic cholelithiasis patients who undergo cholecystectomy
can reduce the incidence of subsequent cholangiocarcinoma, while cholelithiasis
patients who undergo ES/EPBD are at a great risk of subsequent
cholangiocarcinoma according to our findings.

Key words: Cholangiocarcinoma; Endoscopic sphincterotomy; Endoscopic papillary
balloon dilatation; Cholecystectomy
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Core tip: There are many risk factors well demonstrated in cholangiocarcinoma, but the
impacts of advanced biliary interventions, like endoscopic sphincterotomy (ES),
endoscopic papillary balloon dilatation (EPBD) and cholecystectomy, are inconsistence
in previous literature. We tried to evaluate the subsequent cholangiocarcinoma risk in
cholelithiasis patients who underwent ES, EPBD and cholecystectomy. Cholecystectomy
can reduce the incidence of subsequent cholangiocarcinoma, while cholelithiasis patients
underwent ES/EPBD are in a huge risk of subsequent cholangiocarcinoma in our
database study.
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Lin CC. Risk of cholangiocarcinoma in patients undergoing therapeutic endoscopic retrograde
cholangiopancre-atography or cholecystectomy: A population based study. World J
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INTRODUCTION
Cholangiocarcinoma, which arises from the epithelial  cells  of  the intrahepatic or
extrahepatic bile ducts, is a highly lethal disease that has been underestimated in the
past two decades. Unlike the decline in mortality due to primary liver cancer, the
mortality of intra-hepatic cholangiocarcinoma (ICC) has increased in both sexes in
Europe[1]. At the same time, previous studies have shown that the incidence of ICC
has been rising, while the incidence of extra-hepatic cholangiocarcinoma (ECC) has
declined  internationally[2-5]  in  the  past  thirty  years,  except  in  Denmark[6].  Un-
fortunately, the global incidence data may be inaccurate because of ICC registered as
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part of primary liver cancer and ECC mixed with gallbladder cancers in the databases
of many countries.

The previous literature has listed many well known risk factors for cholangio-
carcinoma, such as primary sclerosing cholangitis[7-9], choledochal cyst disease[10,11],
specific parasite infection[12], cholelithiasis[13,14], chronic hepatitis B and C (CHB and
CHC) infection[15,16], diabetes mellitus (DM)[17,18] and Helicobacter infection (HP)[19,20].
However, the true etiology of cholangiocarcinoma is still a mystery, although several
hypotheses have been proposed, including destruction of the integrity of the bile duct
through procedures  like  therapeutic  endoscopic  retrograde cholangiopancreato-
graphy (ERCP) or cholecystectomy. The major indications for ERCP are choledo-
cholithiasis,  rather  than biliary or  pancreatic  neoplasms,  or  the  need to  manage
postoperative biliary complications[21-23].  Therapeutic ERCP, including endoscopic
sphincterotomy (ES) and endoscopic papillary balloon dilatation (EPBD), has been
considered  to  have  increased  future  cholangiocarcinoma  incidence  for  over  a
decade[24-26].  Because  cholelithiasis  itself  is  one  of  the  risk  factors  of  cholangio-
carcinoma,  the  impact  of  the  incidence  of  a  subsequent  cholangiocarcinoma for
advanced bile duct management is hard to evaluate.

ES had been shown to increase biliary epithelial atypia[27], and previous data have
indicated that therapeutic ERCP can increase the subsequent cholangiocarcinoma
rate[28].  At  the  same  time,  many  recent  larger  population-based  studies  have
demonstrated that ES does not increase the incidence of cholangiocarcinoma[29-31]. Even
some evidence has suggested that ES does not increase the subsequent cholangio-
carcinoma rate over that seen with EPBD[29].  At the same time, cholelithiasis and
cholecystectomy had been of concern due to the increase in ICC[32] and ECC[33], but
some studies have shown that cholecystectomy decreases the subsequent cholangio-
carcinoma rate in cholelithiasis patients[34].

The inconsistency of the previous evidence led us to conduct this study using the
National Health Insurance Research Database (NHIRD) 2004-2011 in Taiwan. Our
goal was to re-confirm the old risk factors in modern society and to clarify the risk of
cholangiocarcinoma in  the  medium time  period  following  therapeutic  ERCP or
cholecystectomy in cholelithiasis patients.

MATERIALS AND METHODS
This study was approved by the Institutional Review Board of Chung Shan Medical
University Hospital, Taiwan. The IRB waved the need for informed consent in this
study as it is a retrospective study based on the NHIRD. All authors declare no any
conflicts of interest.

Study design
This  study is  a  population-based  retrospective  cohort  study based  on  Taiwan’s
NHIRD, which covers more than 99% of the Taiwanese population[35].  The study
methods  of  NHIRD  have  been  described  in  detail  in  previous  studies [36 ,37].
Symptomatic cholelithiasis cases with above 18 years of age were included from one
million  random  samples  of  NHIRD  data  obtained  between  January  2005  and
December 2007 using Codes of International Statistical Classification of Diseases and
Related  Health  Problems-9th  Edition  (ICD-9),  which  were  registered  once  in
admission or three times in outpatient clinics to avoid bias from possible classification
errors. After study group selection, we built the control group with propensity score
matching by sex and age in a 1:3  ratio.  The control  group cases were defined as
individuals who had neither been diagnosed with cholelithiasis nor undergone a
related medical procedure, such as cholecystectomy or ERCP, in the previous year.
Cholelithiasis  patients who had undergone ES,  EPBD, or cholecystectomy in the
previous year or who were diagnosed after cholangiocarcinoma were excluded from
further analysis. We then excluded patients, who diagnosed with cholangiocarcinoma
from  January  to  December  2004  in  both  the  control  and  study  groups.  The
cholangiocarcinoma patients in Taiwan have catastrophic illness cards that waive
their medical expenses by ICD-9 registration; therefore, we considered that a one year
time period for exclusion was adequate. The variables such as economic status, place
of residence, follow-up time, and cholangiocarcinoma rate, as well as the historical
common risk factors, such as CHB, CHC, HP, DM, end-stage renal disease (ESRD) on
dialysis, congenital cystic disease of liver (CCDL), Clonorchis Opisthorchis (CO), and
inflammatory bowel disease (IBD), were compared in cholelithiasis and control group.

The  cases  of  cholelithiasis  were  divided  into  three  groups  of  patients  who
underwent  ES or  EPBD,  patients  who underwent  cholecystectomy,  and patients
without any therapeutic intervention between January 2005 to December 2011. The
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patients who underwent both ES/EPBD and cholecystectomy were registered in the
ES/EPBD group in our settings. The details of study design are shown in Figure 1.
The  ICD-9  codes  for  the  listed  diseases  and  procedure  codes  are  listed  in
Supplementary Table 1. The stratification of age, gender, economic status, place of
residence,  follow-up time,  cholangiocarcinoma rate,  and historical  common risk
factors were compared in each group. Patients who experienced cholangiocarcinoma
in the first  6 mo after ES,  EPBD, or cholecystectomy were excluded from further
analysis, because these cases should be considered as misdiagnoses or concurrent
malignancies rather than subsequent cholangiocarcinoma. The time cumulative risk of
cholangiocarcinoma in the different groups was calculated.

Data processing and statistical analysis
The NHIRD, which includes one a representative population of one million persons
residing in Taiwan between 2004 and 2011 was managed using Microsoft SQL Server
2008  R2  (Microsoft  Corporation,  Redmond,  WA,  United  States)  and  the  SQL
programming  language  for  the  data  query  and  data  processing  jobs.  Statistical
analysis was done using OpenEpi: Open source epidemiologic statistics for public
health, version 3.01[38]. Kaplan-Meier survival analyses were conducted using SPSS
version 19. Person time analyses were done using OpenEpi version 3.01.

Data  obtained  from  the  study  were  compared  with  the  use  of  the  χ2  test  for
categorical  variables,  the  t-test,  or  one-way  ANOVA (Analysis  of  Variance)  for
continuous variables, and the Log Rank (Mantel-Cox) test for survival curves. A two-
tailed P-value of 0.05 was considered statistically significant in this study.

RESULTS
Because we used age and sex to find three times as many normal population subjects
without cholelithiasis to be our control group, we could not evaluate age and sex as
risk stratification in our comparisons of the cholelithiasis and control groups.

Cholelithiasis cases and their matched controls
In  total,  7938  adult  cholelithiasis  cases  were  selected  from one  million  random
samples of NHIRD data obtained between January 2005 and December 2007. The
control group consisted of 23814 cases without cholelithiasis and matched by age and
sex. The mean age of both groups was 59.15 ± 16.53 and the proportion of female
patients was 52.15% in both groups. The mean follow up time was 57.96 ± 21.48 mo in
cholelithiasis group and 63.12 ± 15.6 mo in the normal population in our analysis.
Demographic data revealed that the cholelithiasis patients had a minimum basic
salary (49.92%) and residence in a lived in remote villages (1.65%) and the differences
were statistically significant when compared to the control group. The proportion of
historical risk factors for cholangiocarcinoma, like CHB, CHC, HP, DM, ESRD, CCDL,
and IBD, were 9.50% vs  2.80%, 6.83% vs  1.99%, 1.61% vs  0.55%, 29.21% vs  18.17%,
2.34% vs 1.50%, 0.64% vs 0.03% and 1.5% vs 0.77% in the cholelithiasis group versus
the  normal  population,  respectively.  All  the  proportions  of  comorbidity  were
significantly high (P  < 0.001) in the cholelithiasis  group, except for CO infection
because neither group showed CO infection. In total,147 cholelithiasis cases and 39
normal  population  cases  experienced cholangiocarcinoma during the  follow-up
period. After exclusion of cases with cholangiocarcinoma in the initial 6 mo in both
groups,  55  cholelithiasis  cases  and  35  normal  population  cases  developed
cholangiocarcinoma, with a mean follow up of 36.73 ± 20.57 mo and 35.27 ± 19.94 mo,
respectively. The subsequent cholangiocarcinoma rate was higher in the cholelithiasis
group than in the control group (0.69% vs 0.15%, P < 0.001). The detailed information
is shown in Table 1.

Cholelithiasis  cases  that  underwent  ES/EPBD,  cholecystectomy,  and  no
intervention
There  were  537  cases  that  underwent  ES/EPBD,  1743  cases  that  underwent
cholecystectomy, and 5658 cases that received no intervention, and we observed no
significant difference in the mean age. However, the mean age after age stratification
of  patients  above 70  years  old was higher  in  the  ES/EPBD group (79.11  ±  5.13),
followed by the no intervention group (78.78 ± 6.08) and the cholecystectomy group
(78.01 ± 5.54).  Other demographic data in our analysis showed some differences:
Follow-up time,  place of  residence,  proportion of  CHB, proportion of  CHC, and
proportion of CCDL. The details are shown in Table 2.

In  total,  27  patients  (5.03%)  were  diagnosed  with  cholangiocarcinoma  in  the
ES/EPBD group, while 105 (1.86%) were diagnosed with cholangiocarcinoma in the
no intervention group, and 15 (0.86%) were diagnosed in the cholecystectomy group
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Table 1  Demographic data of study and normal population

Cholelithiasis
group n = 7938

Control group n =
23814 P value

N SD, % N SD, %

Age, mean (SD) 59.15 16.53 59.15 16.53 1

Age, yr

18-49 38.89 7.38 38.94 7.38

50-69 59.13 5.52 59.13 5.52

> 70 78.67 5.95 78.67 5.95

Gender 1

Male 3798 47.85 11394 47.85

Female 4140 52.15 12420 52.15

Follow up time (mo), mean (SD) 57.96 21.48 63.12 15.6 < 0.001

Economic status < 0.001

MBS 3963 49.92 11216 47.1

1-3 times MBS 3136 39.51 10217 42.9

Above 3 times MBS 825 10.39 2336 9.81

Place of residence 0.007

City 5046 63.57 15078 63.32

Countryside 2747 34.61 8403 35.29

Remote village 131 1.65 287 1.21

Comorbidity

CHB 754 9.5 667 2.8 < 0.001

CHC 542 6.83 474 1.99 < 0.001

HP 128 1.61 131 0.55 < 0.001

DM 2319 29.21 4327 18.17 < 0.001

ESRD 186 2.34 357 1.5 < 0.001

CCDL 51 0.64 7 0.03 < 0.001

CO 0 0 0 0 NA

IBD 119 1.5 184 0.77 < 0.001

Cholangiocarcinoma

Number (rate) 147 1.85 39 0.16 < 0.001

Follow up time (mo), mean (SD) 13.92 21.96 31.8 21.48 < 0.001

Cholangiocarcinoma after first 6 mo

Number (rate) 55 0.69 35 0.15 < 0.001

Follow up time (mo), mean (SD) 36.73 20.57 35.27 19.94 0.86

SD: Standard deviation; MBS: Minimum basic salary; CHB: Chronic hepatitis B; CHC: Chronic hepatitis C;
HP: Helicobacter infection; DM: Diabetes mellitus; ESRD: End-stage renal disease; CCDL: Congenital cystic
disease of liver; CO: Clonorchis Opisthorchis; IBD: Inflammatory bowel disease.

during the follow-up period. After exclusion of possible misdiagnoses and concurrent
cholangiocarcinoma, by excluding cholangiocarcinoma diagnosed within 6 mo after
the procedure, 11 (2.05%), 37 (0.65%), and 7 (0.40%) cholangiocarcinoma cases were
diagnosed  in  the  ES/EPBD,  no  intervention,  and  cholecystectomy  groups,
respectively. The time to diagnosis for subsequent cholangiocarcinoma was 41.17 ±
22.51 mo in the ES/EPBD group, 35.46 ± 19.08 mo in the no intervention group, and
33.70  ±  23.35  mo  in  the  cholecystectomy  group.  The  odds  ratio  for  subsequent
cholangiocarcinoma was 3.13 in the ES/EPBD group and 0.61 in cholecystectomy
group when compared with the no intervention group. The results were similar if we
excluded the cholangiocarcinoma cases within one year after the procedure or the
diagnosis of cholelithiasis.  The cumulative cholangiocarcinoma rates in the three
groups in the 7-year follow-up period are demonstrated in Figure 2.

The incidence of cholangiocarcinoma
The incidence of  cholangiocarcinoma after  the initial  6  mo was compared using
incidence  rate/1000  person-years.  In  the  ES/EPBD  group,  the  incidence  of
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Figure 1

Figure 1  Case selection flow chart of one million nationwide representative data base. ES/EPBD: Endoscopic sphincterotomy/endoscopic papillary balloon
dilatation; NHIRD: National Health Insurance Research Database.

cholangiocarcinoma was 4.37 (2.30-7.59) per 1000 person-years, which is more than 15
times of the incidence of the normal population. The incidence of cholangiocarcinoma
in ES/EPBD was especially high in females (6.31/1000 person-years) and patients
older than 70 years (7.53/1000 person-years).

In  the  cholecystectomy group,  the  incidence  of  cholangiocarcinoma was  0.79
(0.34–1.55) per 1000 person-years, which is still higher than the cholangiocarcinoma
incidence in the normal population. The highest incidence of cholangiocarcinoma was
found in patients older than 70 years (2.15/1000 person-years).

The cholelithiasis  patients without advanced intervention had an incidence of
cholangiocarcinoma of 1.38 (0.99–1.88) per 1000 person-years. The highest incidence of
cholangiocarcinoma in this subgroup was observed in men (1.72/1000 person-years)
and in elderly patients (2.80/1000 person-years).  The incidence comparisons are
shown  in  Table  3.  For  the  recurrent  biliary  events,  the  comparisons  between
cholangiocarcinoma patients  and non-cholangiocarcinoma patients  in  ES/EPBD
group were listed in the Supplementary Table 2.

DISCUSSION

WJGO https://www.wjgnet.com March 15, 2019 Volume 11 Issue 3

Wang CC et al. Risk of cholangiocarcinoma in patients undergoing therapeutic bile duct management

243



Table 2  The comparisons of cholelithiasis patients underwent therapeutic endoscopic retrograde cholangiopancreatography,
cholecystectomy or no intervention

ES/EPBD n =
537

Cholecystectom-
y n = 1743

Without
intervention n =

5658
P value

N SD, % N SD, % N SD, %

Age, mean (SD) 64.33 16.33 56.95 16.53 59.34 16.43 0.941

Age, yr

18-49 39.29 7.59 38.26 7.6 39.09 7.27 0.391

50-69 60 5.2 59.3 5.56 58.99 5.53 0.559

> 70 79.11 5.73 78.01 5.54 78.78 6.08 0.002

Gender 0.692

Male 264 49.16 843 48.36 2691 47.56

Female 273 50.84 900 51.64 2967 52.44

Follow up time (mo), mean (SD) 56.3 22.24 61.38 18.4 56.88 22.27 < 0.001

Economic status 0.16

MBS 319 59.4 1137 65.23 3590 63.45

1-3 times MBS 209 38.92 574 32.93 1964 34.71

Above 3 times MBS 9 1.68 28 1.61 94 1.66

Place of residence 0.009

City 296 55.12 854 49 2813 49.72

Countryside 205 38.18 681 39.07 2250 39.77

Remote village 36 6.7 204 11.7 585 10.34

Comorbidity

CHB 50 9.31 137 7.86 567 10.02 0.026

CHC 22 4.1 73 4.19 447 7.9 < 0.001

HP 11 2.05 23 1.32 94 1.66 0.433

DM 167 31.1 478 27.42 1674 29.59 0.135

ESRD 12 2.23 37 2.12 137 2.42 0.76

CCDL 13 2.42 12 0.69 26 0.46 < 0.001

CO 0 0 0 0 0 0 NA

IBD 6 1.12 23 1.32 90 1.59 0.54

Cholangiocarcinoma

Number of cholangiocarcinoma 27 5.03 15 0.86 105 1.86 < 0.001

Number of cholangiocarcinoma after first 6 mo 11 2.05 7 0.4 37 0.65 < 0.001

Odds ratio 3.13 0.61 1

Number of cholangiocarcinoma after first 12 mo 10 1.86 6 0.34 35 0.62 < 0.001

Odds ratio 3.01 0.56 1

Time to diagnosis of cholangiocarcinoma (excluding case in initial 6 mo), month 41.17 22.51 33.7 23.35 35.46 19.08 0.698

SD: Standard deviation; MBS: Minimum basic salary; CHB: Chronic hepatitis B; CHC: Chronic hepatitis C; HP: Helicobacter  infection; DM: Diabetes
mellitus; ESRD: End-stage renal disease; CCDL: Congenital cystic disease of liver; CO: Clonorchis Opisthorchis; IBD: Inflammatory bowel disease.

In  our  study,  the  intervention  rate  was  higher  than  that  reported  previously[39],
because  this  was  a  hospital-based cohort  database,  which  meant  that  nearly  all
cholelithiasis  cases  were  regarded as  symptomatic  patients.  We found a  higher
incidence of cholelithiasis in people with a minimum basic salary and the highest
economic status. The former seems connected with a poor health environment, as
shown in previous literature[40],  while the latter can be explained by diets high in
cholesterol, saturated fat, and excess carbohydrates[41]. The same conditions explained
the higher portion of cholelithiasis patients among residents of remote villages than in
the normal population. Because primary sclerosing cholangitis[7-9], CCDL[10,11], CO[12],
cholelithiasis[13,14], CHB and CHC[15,16], DM[17,18] and HP infection[19,20] are important risk
factors for cholangiocarcinoma, we subjected these factors to further evaluation to
compare cholelithiasis patients and a normal population. In our analysis, CHB, CHC,
DM,  HP  infection,  ESRD,  CCDL,  and  IBD  were  more  common  in  cholelithiasis
patients and some of these factors logically increased the rate of cholangiocarcinoma
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Figure 2

Figure 2  Cumulative risk of cholangiocarcinoma. The cases of cholangiocarcinoma within 6 mo after the therapeutic procedure or the diagnosis of cholelithiasis
were excluded. ES/EPBD: Endoscopic sphincterotomy/endoscopic papillary balloon dilatation.

by increasing the incidence of cholelithiasis[42]. Because CO infection is extremely rare
in modern Taiwanese society, no CO-infected patient was found in our study in either
group. The cholangiocarcinoma rate was higher in cholelithiasis patients than in the
normal population (0.69% vs  0.15%),  thereby confirming the previous concept of
cholelithiasis as an important risk factor for cholangiocarcinoma.

The  rate  of  total  cholangiocarcinoma  and  subsequent  cholangiocarcinoma
(diagnosed 6 mo after  procedure)  are highest  in ES/EPBD patients,  followed by
cholelithiasis patients without intervention, and the lowest cholangiocarcinoma rate
was found in cholecystectomy patients.  The odds ratio  of  ES/EPBD patients  for
cholangiocarcinoma was 3.13 when compared with no intervention, indicating that
the subsequent cholangiocarcinoma rate was high after ES/EPBD in cholelithiasis
patients. Cholecystectomy decreased the cholangiocarcinoma rate in cholelithiasis
patients  in  our  study  and  this  effect  was  compatible  with  previous  literature
reports[34].

Another interesting finding of our study was the high incidence of cholangio-
carcinoma in the medium time period for cholelithiasis patients who had undergone
ES/EPBD, especially in women and in patients older than 70 years. However, current
guidelines do not suggest close follow-up in these patients.

This study has two major limitations. First, this is a retrospective database cohort
study that showed an increase in the further incidence of cholangiocarcinoma after
EST/EPBD in cholelithiasis patients, but the true consequence of cholangiocarcinoma
and ES/EPBD is unclear. Second, even though this is a one million representative
database, the incidence of cholangiocarcinoma is so low that we only found 11 cases, 7
cases,  and 37  cases  in  the  ES/EPBD,  cholecystectomy,  and without  intervention
group, respectively, but the power of our results is still credible. We will try to initiate
a prospective hospital-based cohort study in cholelithiasis patients, who underwent
therapeutic  intervention  to  clarify  the  consequence  of  cholangiocarcinoma  in
ES/EPBD and cholecystectomy patients.

In conclusion, symptomatic cholelithiasis did increase the cholangiocarcinoma rate
in our analysis,  and patients with cholelithiasis who underwent cholecystectomy
could reduce the incidence of subsequent cholangiocarcinoma, but the incidence is
still significantly higher than the incidence in the normal population. Meanwhile, the
patients with cholelithiasis who undergo ES/EPBD are at high risk of subsequent
cholangiocarcinoma.
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Table 3  Incidence of cholangiocarcinoma amount patient with cholelithiasis underwent therapeutic endoscopic retrograde
cholangiopancreatography, cholecystectomy or no intervention compared with normal population (excluding cholangiocarcinoma in the
initial 6 mo)

Variables
Person-years at

risk in study
cohort

Person-years at
risk in control

cohort

No. of observed
cases of

cholangiocarcino-
ma in study

cohort

No. of observed
cases of

cholangiocarcino-
ma in control

cohort

Incidence
rate/1000 person-
years (95%CI) in

study cohort

Incidence
rate/1000 person-
years (95%CI) in
control cohort

ES/EPBD

Total 2519.33 125339.21 11 35 4.37 (2.30-7.59) 0.28 (0.20-0.38)

Gender

Male 1252.12 59176.6 3 20 2.40 (0.61-6.52) 0.34 (0.21-0.51)

Female 1267.21 66162.61 8 15 6.31 (2.93-11.99) 0.23 (0.13-0.37)

Age, yr

18-49 561.74 37789.95 1 5 1.78 (0.09-8.78) 0.13 (0.05-0.29)

50-69 895.32 48272.57 2 14 2.23 (0.38-7.38) 0.29 (0.17-0.48)

> 70 1062.27 39276.69 8 16 7.53 (3.50-14.30) 0.41 (0.24-0.65)

Cholecystectomy

Total 8911.32 125339.21 7 35 0.79 (0.34-1.55) 0.28 (0.20-0.38)

Gender

Male 4187.56 59176.6 3 20 0.72 (0.18-1.95) 0.34 (0.21-0.51)

Female 4723.76 66162.61 4 15 0.85 (0.27-2.04) 0.23 (0.13-0.37)

Age, yr

18-49 3173.23 37789.95 1 5 0.32 (0.02-1.55) 0.13 (0.05-0.29)

50-69 3413.76 48272.57 1 14 0.29 (0.01-1.45) 0.29 (0.17-0.48)

> 70 2324.33 39276.69 5 16 2.15 (0.79-4.77) 0.41 (0.24-0.65)

Cholelithiasis
without
intervention

Total 26820.41 125339.21 37 35 1.38 (0.99-1.88) 0.28 (0.20-0.38)

Gender

Male 12201.3 59176.6 21 20 1.72 (1.09-2.59) 0.34 (0.21-0.51)

Female 14619.11 66162.61 16 15 1.09 (0.65-1.74) 0.23 (0.13-0.37)

Age, yr

18-49 8423.77 37789.95 4 5 0.48 (0.15-1.15) 0.13 (0.05-0.29)

50-69 10889.04 48272.57 12 14 1.10 (0.60-1.87) 0.29 (0.17-0.48)

> 70 7507.6 39276.69 21 16 2.80 (1.78-4.20) 0.41 (0.24-0.65)

ES/EPBD: Endoscopic sphincterotomy/endoscopic papillary balloon dilatation.

ARTICLE HIGHLIGHTS
Research background
Cholangiocarcinoma is  a  highly lethal  disease.  There are  many well  known risk factors  of
cholangiocarcinoma, most of them result from chronic biliary system inflammation, such as
primary sclerosing cholangitis, choledochal cyst disease, specific parasite infection, cholelithiasis,
chronic hepatitis B and C infection, diabetes mellitus and Helicobacter infection, but the impacts
of advanced biliary interventions, like endoscopic sphincterotomy (ES), endoscopic papillary
balloon dilatation (EPBD) and cholecystectomy, are inconsistence in previous literature. It is
important to understand the major hypothesis result in cholangiocarcinoma.

Research motivation
We focused on the most common disease, cholelithiasis, which can result in cholangiocarcinoma.
We conducted this study using the National Health Insurance Research Database to clarify the
risks  of  cholangiocarcinoma  after  ES/EPBD,  cholecystectomy  or  no  intervention  for
cholelithiasis.

Research objectives
We  try  to  evaluate  hospital  base  cholelithiasis  retrospective  cohort  and  analyzed  further
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cholangiocarcinoma risk in patients underwent ES/EPBD, cholecystectomy or no intervention
for cholelithiasis. Further studies, to clarify whether the inflammation location or the different
methods of therapeutic managements affect the incidence of cholangiocarcinoma, are needed in
this field.

Research methods
Because of cholangiocarcinoma is still a disease with very low incidence in normal population,
we collect data of NHIRD 2004-2011 in Taiwan using one million random samples. We selected
7938 cholelithiasis cases as well as 23814 control group cases (matched by sex and age in 1:3
ratio). The incidences of total and subsequent cholangiocarcinoma were calculated in ES/EPBD
patients,  cholecystectomy patients,  cholelithiasis patients without intervention and normal
population. This topic is hard to be analyzed because subsequent cholangiocarcinoma incidence
is  low and both cholelithiasis  and the managements for cholelithiasis  maybe influence the
cholangiocarcinoma rate.

Research results
There are 537 cases underwent ES/EPBD, 1743 cases underwent cholecystectomy and 5658 cases
without intervention in our cholelithiasis  cohort.  Eleven (2.05%),  37 (0.65%) and 7 (0.40%)
subsequent  cholangiocarcinoma  cases  diagnosed  in  ES/EPBD,  no  intervention  and
cholecystectomy group respectively and the odds ratio for subsequent cholangiocarcinoma is
3.13 in ES/EPBD group and 0.61 in cholecystectomy group comparing with no intervention
group.

Research conclusions
Symptomatic cholelithiasis patients underwent cholecystectomy had the lowest incidence of
subsequent  cholangiocarcinoma,  but  the  incidence  is  still  higher  than normal  population.
Patients underwent ES/EPBD are in a high risk of subsequent cholangiocarcinoma and a follow-
up plane should be needed in these kinds of patients. The hypotheses of these results can be
explained by both inflammation at bile ducts increases incidence of cholangiocarcinoma than
inflammation at gallbladder, or cholecystectomy reduce recurrent biliary events in cholelithiasis
patients and decrease future cholangiocarcinoma rates. We need a series studies to clarify this
mystery we left today.

Research perspectives
The future direction of research is to evaluate choledocholithiasis patients, who underwent
therapeutic  endoscopic  retrograde  cholangiopancreatography  with  or  without  further
cholecystectomy, and their subsequent cholangiocarcinoma incidence. Because we think the
procedure related cholangiocarcinoma need longer time period to take place, the influences of
subsequent cholangiocarcinoma between ES and EPBD may be clarified in whole population
based cohort study.
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Abstract
BACKGROUND
After an esophagectomy, the stomach is most commonly used to restore
continuity of the upper gastrointestinal tract. These esophago-gastric
anastomoses are prone to serious complications such as leakage associated with
high morbidity and mortality. Graft perfusion is considered to be an important
predictor for anastomotic integrity. Based on the current literature we believe
Indocyanine green fluorescence angiography (ICGA) is an easy assessment tool
for gastric tube (GT) perfusion, and it might predict anastomotic leakage (AL).

AIM
To evaluate feasibility and effectiveness of ICGA in GT perfusion assessment and
as a predictor of AL.

METHODS
This study was designed according to the PRISMA guidelines and registered in
the PROSPERO database. PubMed and EMBASE were independently searched
by 2 reviewers for studies presenting data on intraoperative ICGA GT perfusion
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assessment during esophago-gastric reconstruction after esophagectomy.
Relevant outcomes such as feasibility, complications, intraoperative surgical
changes based on ICGA findings, quantification attempts, anatomical data and
the impact of ICGA on postoperative anastomotic complications, were collected
by 2 independent researchers. The quality of the included articles was assessed
based on the Methodological Index for Non-Randomized Studies. The 19
included studies presented data on 1192 esophagectomy patients, in 758 patients
ICGA was used perioperative to guide esophageal reconstruction.

RESULTS
The 19 included studies for qualitative analyses all described ICGA as a safe and
easy method to evaluate gastric graft perfusion. AL occurred in 13.8% of the
entire cohort, 10% in the ICG guided group and 20.6% in the control group (P <
0.001). When poorly perfused cases are excluded from the analyses, the difference
in AL was even larger (AL well-perfused group 6.3% vs control group 20.5%, P <
0.001). The AL rate in the group with an altered surgical plan based on the ICG
image was 6.5%, similar to the well perfused group (6.3%) and significantly less
than the poorly perfused group (47.8%) (P < 0.001), suggesting that the technique
is able to identify and alter a potential bad outcome.

CONCLUSION
ICGA is a safe, feasible and promising method for perfusion assessment. The
lower AL rate in the well perfused group suggest that a good fluorescent signal
predicts a good outcome.

Key words: Indocyanine green; Angiography; Fluorescence; Esophagectomy;
Anastomotic leak; Near-infrared spectroscopy; Esophageal neoplasms; Esophageal cancer
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Core tip: Esophagectomy is a surgery known for its complexity and potentially high
morbidity associated with postoperative anastomotic leakage (AL). This review
evaluates Indocyanine green fluorescence angiography (ICGA) as a safe, feasible and
promising method to assess graft perfusion during esophageal reconstructive surgery.
We discuss the safety, the methodology and the effectiveness of ICGA and its potential
to reduce AL rate.

Citation: Van Daele E, Van Nieuwenhove Y, Ceelen W, Vanhove C, Braeckman BP, Hoorens
A, Van Limmen J, Varin O, Van de Putte D, Willaert W, Pattyn P. Near-infrared fluorescence
guided esophageal reconstructive surgery: A systematic review. World J Gastrointest Oncol
2019; 11(3): 250-263
URL: https://www.wjgnet.com/1948-5204/full/v11/i3/250.htm
DOI: https://dx.doi.org/10.4251/wjgo.v11.i3.250

INTRODUCTION
The incidence of esophageal adenocarcinoma has rapidly increased over the past two
decades[1]. For locally and locally advanced esophageal cancer (EC) patients, surgical
resection remains the cornerstone of their treatment. The stomach is most commonly
used to restore continuity of the upper gastrointestinal tract after an oesophagus
resection. However, these esophago-gastric anastomotic sites (AS) are fragile and
prone to complications as leakage,  fistulas,  bleeding,  and stricture.  Anastomotic
leakage (AL) remains the main cause of postoperative morbidity and mortality in
digestive reconstructive surgery. After an esophagectomy leakage incidence ranges
from 5% to 20%[2-6]. Literature reports leak-associated mortality rates from 18% to 40%
compared to an overall  in-hospital  mortality of  4% to 6%[2,7,8].  Age,  male gender,
smoking,  alcohol  abuse,  American  Society  of  Anaesthesiologists  score,  obesity,
emergency surgery, prolonged operative time, intraoperative blood loss, diabetes,
renal failure, use of corticosteroids and cardiovascular disease are identified as risk
factors for AL, potentially through impaired perfusion of the gastric graft[2,4-6,8-11].

Graft  perfusion  is  considered  to  be  an  important  predictor  for  anastomotic
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integrity. Currently, tissue perfusion is assessed using subjective parameters such as
tissue colour and vessel pulsations. However, these parameters are known to be of
limited predictive value, emphasizing the clear need for a safe, reproducible, and non-
invasive method to objectively assess tissue viability and graft perfusion.

Several methods have been tested for intraoperative evaluation of graft perfusion,
such  as  laser  speckle  contrast  imaging,  gastric  tonometry,  Doppler  flowmetry,
spectroscopy and angiography[12-15]. None of them have been widely accepted due to
limited feasibility, reproducibility issues or costs. Near infrared fluorescent (NIRF)
imaging requires a fluorescence-imaging agent that can be excited in the tissue at near
infrared (NIR) wavelengths by penetrating NIR light. A 2D image of tissue deposition
of the NIRF imaging agent can be created based on the fluorescence generated by the
excited NIRF agent and captured by adapted cameras. Indocyanine green (ICG) is a
clinically approved NIRF agent to determine cardiac output, hepatic function, and
ophthalmic angiography. ICG is known for its absorption maximum around 760-780
nm, its immediate binding with plasma proteins resulting in a confinement to the
vascular compartment, its low toxicity and its rapid and exclusive biliary excretion. Its
excellent safety record has added to the rapid food and drug administration approval
for  clinical  use  in  1956[16].  Recent  developments  of  new hardware  have  made  it
possible to perform Indocyanine green fluorescence angiography (ICGA) not only in
open, but also during minimally invasive surgery, resulting in a general interest of the
surgical community in this technique as a method to visualize anastomotic perfusion
and its potential  to reduce AL risk.  At present ICGA is not a standard guideline
during esophageal surgery because of the lack of prospective randomized studies, but
many expert centers already incorporate perioperative ICGA as a routine step during
esophageal reconstruction.

This  study  aimed  to  systematically  review  the  literature  on  feasibility  and
effectiveness of ICGA use as a method to evaluate graft perfusion and as a predictor
of  AL after  esophageal  reconstructive surgery.  Additionally,  current methods to
quantify ICGA in esophageal reconstructive surgery were reviewed.

MATERIALS AND METHODS
This study was designed according to the PRISMA guidelines and registered in the
PROSPERO 2018 database  (www.crd.york.ac.uk).  The registration identification
number is CRD42018100503.

Eligibility criteria
Only  English  written  studies  on  human  subjects  were  included  in  the  study.
Publications were excluded if they reported on a primary intervention other than
ICGA or when they did not present original patient data. Conference abstracts, case
reports, technical notes, letters, comments, duplications and animal studies were also
excluded. Study selection was based on the population, intervention, comparison,
outcome principle.  The population was defined as  patients  undergoing esopha-
gectomy for EC with gastric graft reconstruction. The intervention is ICGA for the
intraoperative assessment of gastric graft perfusion. Comparison was done with non
ICGA guided esophagectomy patients if a control group was present. The primary
objective  was  feasibility  of  ICGA  as  a  method  to  evaluate  graft  perfusion.  The
secondary objective was the effect of ICGA on alterations of the surgical plan and its
ability to predict and avoid AL. The final objective was to evaluate current attempts to
quantify ICGA in esophageal reconstructive surgery.

Search strategy
PubMed and EMBASE were  independently  searched by 2  reviewers  for  studies
presenting data on intraoperative ICGA gastric graft perfusion assessment during
esophago-gastric reconstruction after esophagectomy. The search was last updated in
October  2018.  The  following  MeSH  terms  were  used  in  the  PubMed  database
searches: “Esophagectomy”[MeSH] OR “Esophagus surgery” OR “Esophagus cancer”
OR  “Esophagus”  OR  “Esophag*”  AND  “Indocyanine  green”[MeSH]  OR
“angiography”[MeSH] OR “ICG” OR “graft perfusion” OR “near infrared imaging”
OR “near infrared fluorescence”.  Same Emtree terms were used in the EMBASE
database. Titles and abstracts were screened for eligibility. After reading full text
articles, duplicates were extracted, and references were screened to identify additional
articles.  Consensus  was  reached  by  the  2  reviewers  after  re-review  in  case  of
discordances in study selection.

Methodological quality appraisal
The quality of the included articles was assessed based on the Methodological Index
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for Non-Randomized Studies (MINORS), a validated quality assessment system with
8 items for non-comparative and 12 items for comparative studies. The maximum
score for non-comparative studies is 16 and 24 for the comparative studies[17].

Data extraction, management and synthesis
Study design, patients’ demographic data, intervention related data and outcomes
were extracted from the included studies. Study data were collected by 2 independent
researchers in a standard Excel™ data collection sheet which was used to calculate
descriptive  statistics  for  all  measured  parameters.  Continuous  and  categorical
variables were summarized as means with standard deviation, and/or median with
IQR or ranges. Data were analyzed using SPSS version 22 for windows (SPSS Inc.,
Chicago, IL). Statistical analysis using a fisher exact- test was performed to compare
AL rates between the ICGA guided and non-guided group. A P-value < 0.05 was
considered statistically significant.

RESULTS

Search results
The initial database searches resulted in 251 eligible abstracts and citations and 3
additional  records  were  found  through  reference  checking.  After  adjusting  for
duplicates and screening of the abstracts,  23 full  text articles remained and were
reviewed in detail, resulting in the exclusion of another 4[18-40]. Finally, 19 papers met
the inclusion criteria for qualitative analysis[18-23,25-28,30,33-40]. Six articles could be used for
separate quantitative analyses as they contained data of a comparison group[25,26,35-38].
The PRISMA flowchart of the search is shown in Figure 1.

Study and population characteristics
Study characteristics of the 19 included studies and demographic data of the included
patients  are  described in  Table  1.  Ten studies  were  feasibility  studies,  6  studies
compared the ICGA study cohort to a historical  non ICGA cohort,  and 3 studies
evaluated outcome of patients with adequately versus poorly ICGA perfused AS. In
total, 1192 (82% male) esophagectomy patients were analyzed. In 758 patients, ICGA
was used perioperative to guide esophageal reconstruction compared to 434 patients
was the anastomotic site was determined based on clinical judgment and/or Doppler
ultrasound.

Methodological quality of the studies
All included studies were feasibility-or non-randomized controlled studies and the
risk of bias within the studies was, therefore, analyzed according to the MINORS
methodological  index[17].  The  score  varied  from  4  to  13  (median  6)  for  non-
comparative studies (max score 16) and from 6 to 18 (median 16) for the comparative
studies (max score 24).  Most studies had a clear aim and appropriate endpoints,
however the follow-up period and loss to follow-up were rarely mentioned. None had
unbiased endpoint assessment or power calculations.

ICGA feasibility and safety analysis
All studies reported ICGA to be feasible and easy. Many different imaging systems
were described both for open and minimally invasive use, and different dosages of
ICG  were  used  (Table  1).  Nevertheless,  all  authors  were  able  to  obtain  good
intraoperative NIRF images and no equipment malfunction was mentioned.  The
timeframe during which GT perfusion was visualized varied from a few seconds to a
few minutes after injection of the dye. Shimada et al[40] described good visualization of
the GT vasculature at the greater curvature after 1 min, the mucosal arterial network
was nicely visible after 2 min. Kumagai et al[39] reported a median time of 27.9 s. (14.6-
141.7) from initial fluorescence of the root of the right gastroepiploic artery to the tip
of the GT in his first cohort and 35.3 s (13-204) in the second cohort, comparable to
Sarkari’s  median  37.5  s  (20-105)[21,25,39].  Karampiris  et  al[36]  reported  a  mean total
duration of the ICGA of 173 s (± 74),  leading him to conclude that ICGA did not
significantly  increase  operating time (P  =  0.8).  All  authors  reported ICGA to  be
uneventful  and  well  tolerated.  None  of  the  authors  reported  adverse
reactions[18-23,25-28,30,33-40]. Murawa et al[19] was the only author who reported a transient
but  uncomplicated drop in oxygen saturation to  90% immediately after  admini-
stration of the dye in his study group.

Quantification and validation
Five studies reported an attempt to objective quantification of the ICGA signal based
on time and/or intensity of the fluorescence[21,27,30,37,39]. Kumagai et al[21] first reported a
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Figure 1

Figure 1  PRISMA flowchart of the search. ICGA: Indocyanine green fluorescence angiography; GT: Gastric tube.

significantly longer time registration from initial fluorescence at the root of right
gastroepiploic artery until perfusion of the tip in both AL patients. Yukaya’s study
objectively assessed the gastric conduit vascularization based on inflow and outflow
delays in perfusion detected on 2 points of the gastric conduit. Patterns of NIRF were
categorized into three types of blood flow: Normal flow, delayed inflow and delayed
outflow. The study could not show significant differences in AL, but the authors did
provide a quantitative evaluation method of the NIRF image based on time intensity
curves[27]. Koyanagi et al[30] quantified flow speed of NIRF in the gastric wall. Based on
the length of the GT, anatomical connection between the right and left gastroepiploic
artery and the speed of the fluorescence, 2 groups of patients were identified. A group
with simultaneous NIRF in the gastric conduit wall  and in the greater curvature
vessels beyond the watershed region and a delayed group with obviously slower
NIRF in the gastric conduit wall  compared to the greater curvature vessels.  Risk
assessment identified flow speed of the NIRF as a predictor of AL (P  = 0.002).  A
receiver operating characteristics curve determined a cut-off value of 1.76 cm/s or less
as a significant independent AL predictor (P = 0.004)[30]. Noma et al[37] and Kumagai et
al[39]  published  a  more  simplified  quantification  method  based  on  time  of  GT
perfusion. Noma’s 30 s rule included an ICGA 20 s-and 30 s demarcation line on the
GT. After pulling up the stomach all cervical anastomoses were made proximal from
the  30  s  border[37].  Recently,  Kumagai  et  al[39]  published  the  90  s  rule  where  all
anastomoses  were  made  in  areas  where  less  than  90  s  were  needed  for  NIRF
enhancement.

Influence of intraoperative ICGA on the surgical plan
The  intraoperative  consequences  of  gastric  tube  (GT)  perfusion  assessment  are
summarized in Table 2. Within the entire study cohort, perioperative ICGA resulted
in a change of the surgical plan in 93 patients (12.4% of the study group). Different
surgical approaches were described to secure sufficient perfusion to the anastomotic
site  for  patients  with  an  impaired  perfusion  on  ICGA.  Four  authors  mentioned
relocation of the anastomosis with resection of the poorly perfused tip if the GT was
sufficient in length[33,36,38,39]. In three studies, authors chose to switch from an end-to-
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Table 1  Demographic data and study characteristics

Ref. Enrollme-
nt

Study
design

Non ICG
group

No. of
patients

(M/F)

Median
age

(range)

Neoadjuv-
ant

therapy

Operative
technique

Dye and
dose

Timing of
ICGA

Imaging
system

Change
of

procedure

MINOR
score

Shimada
et al[40]

2008-2011
(Japan)

Prospective
cohort

No 36 GT
(29/7)

67 (49-81) 8 CT Open
surgery

2.5 mg
Diagnogre-

en

After GT
creation

PDE Superdrai-
nage (5)

6a

Feasibility 1 RT Cervical
AS

1 CRT

Kubota et
al[18]

2010-2011
(Japan)

Prospective
cohort

No 4 GT (3/1) 69 (64-71) 4 CT Open
surgery

0.5 g/kg After GT
creation

HEMS No 4a

Feasibility Cervical
AS

Murawa
et al[19]

2009-2010
(Poland)

Prospective
cohort

No 15 (13/2) Mean 56
(54-74)

0 Not
reported

25 mg After GT
creation

ICView End-to-
end (4)

6a

Feasibility Cervical
AS

Transhiatal

Pacheco
et al[20]

2010-2011
(United
States)

Retrospect-
ive cohort

No 11 (NR) Mean 56
(SD ± 9)

7 CRT Open
surgery

Not
reported

After GT
creation

SPY No 4a

Feasibility - 10 ICGA
good AS

Cervical
AS

- 1 ICGA
poor AS

Transhiatal

Kumagai
et al[21]

2013
(Japan)

Prospective
cohort

No 20 (16/4) Mean 68
(50-79)

0 Open
surgery

2.5 mg
Diagnogre-

en

After GT
creation

PDE No 13a

Feasibility Cervical
AS

Rino et
al[22]

2009-2013
(Japan)

Prospective
cohort

No 33 (29/4) Mean 68
(NR)

Not
reported

Not
reported

2.5 mg
Diagnogre-

en

After GT
creation

PDE No 4a

Feasibility Thoracic
AS

Ivor Lewis

Sarkaria
et al[23]

2012-2013
(United
States)

Prospective
cohort

No 30 (22/8) 59 (37-76) 24 CRT RAMIE 10 mg Before GT
creation

FireFly No 6a

Feasibility Cervical +
thoracic

AS

Ivor Lewis
+

McKeown

Hodari et
al[25]

2011-2014
(United
States)

Retrospect-
ive cohort

Yes 54 (44/10) 65 (45-81) 38 CRT RAMIE Not
reported

Before
anastomos-
is during

anastomos-
is

FireFly Guided
AS (39)

6b

Historical
case

control

- 39 ICGA Thoracic
AS

- 15 non
ICGA

Ivor Lewis

Campbell
et al[26]

2007-2013
(United
States)

Retrospect-
ive cohort

Yes 90 (74/16) 62 (22-81) 6 CT MIE +
Hybrid +

Open

5 mg After GT
creation

SPY Guided
AS (21)

15b

Historical
case

control

- 21 ICGA 54 CRT Thoracic
AS

- 60 non
ICGA

Ivor Lewis

- 9
Doppler

Yukaya
et al[27]

2013-2014
(Japan)

Prospective
cohort

No 27 (26/1) 67 (40-86) Not
reported

Not
reported

0,1 mg/kg
Diagnogre-

en

After GT
creation

HEMS No 11a

Feasibility Cervical
AS
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Zehetner
et al[28]

2008-2011
(United
States)

Prospective
cohort

No 150
(125/25)

67 (IQR
57-74)

67 CRT MIE +
Open

Cervical
AS

2.5 mg After GT
creation

SPY Guided
AS (95)

13b

Case
controlled

- 6
delayed

AS =
excluded

Transhiatal
 +

McKeown

- 95 ICGA
good AS

- 49 ICGA
poor AS

Koyonagi
et al[30]

2014-2015
(Japan)

Prospective
cohort

No 40 (34/6) 68 (26-82) 11 CT Not
reported

2.5 or 1.25
mg

Diagnogre-
en

After GT
creation

PDE No 17b

Case
controlled

- 25 ICGA
good AS

4 CRT Cervical
AS

- 15 ICGA
poor AS

Schlottm-
ann et
al[33]

NR
(United
States)

Prospective
cohort

No 5 (3/2) 59 (56-70) 1 CRT Hybrid 5 mg Before
anastomos-

is

IMAGE1 Guided
AS (5)

8a

Feasibility Thoracic
AS

ICG-
pulsion

-
Resection

(2)

Ivor Lewis

Kitagawa
et al[29,34]

2011-2017
(Japan)

Retrospect-
ive cohort

No 72 (57/15) Mean 66
(SD ±7)

60 CT MIE +
Hybrid

5 mg Before GT
creation

HEMS Guided
AS (26)

18b

Case
controlled

- 26 ICGA 2 CRT Cervical
AS

After GT
creation

Guided
GT (46)

- 46 ICGA-
LMM

McKeown - End-to-
end (4)

(line
marking
method)

-
Superdrai-
nage (1)

Ohi et
al[32,35]

2000-2015
(Japan)

Retrospect-
ive cohort

Yes 120
(101/19)

68 (IQR
63-74)

56 Not
reported

Open +
Hybrid

2.5 mg
Diagnogre-

en

After GT
creation

PDE Guided
AS 60 s

(59)

15b

Historical
case

control

- 59 ICGA Cervical
AS

- End-to-
end (3)

- 61 non
ICGA

-
Superchar-
ge/drain

(1)

-
Manubriot-

omy (5)

Karampi-
ris et
al[36]

2010-2016
(Germany)

   

Retrospect-
ive cohort

Yes 90 (65/23
+ 2 NR)

Mean 62
(SD ± 9)

69 CT Open +
Hybrid

7.5 mg After GT
creation

PinPoint Guided
AS (33)

16b

Historical
case

control

 - 35 ICGA 25 RT cervical +
thoracic

AS

-
Resection

(26)

   - 33 ICGA
   good AS

Thoracop-
hrenico +
McKeown

  - 2 ICGA
  poor AS

- 55 non
ICGA

Noma et
al[37]

2010-2016
(Japan)

Retrospect-
ive cohort

Yes 285
(244/41)

Mean 65
(SD ± 8)

129 CT Open+
Hybrid +

MIE

12.5 mg
Diagnogre-

en

After GT
creation

PDE Guided
AS 30 s

(71)

17b

Historical
case

control

- 71 ICGA 21 CRT Cervical
AS

- extended
mobilizati-

on

Case
matched

- 214 non
ICGA

McKeown -
Superchar-
ge/drain

(1)

WJGO https://www.wjgnet.com March 15, 2019 Volume 11 Issue 3

Van Daele E et al. Near-Infrared fluorescence guided esophageal surgery

256



Dalton et
al[38]

2014-2016
(United
States)

Retrospect-
ive cohort

Yes 40 (32/8) Mean 64
(SD ± 10)

36 Not
reported

MIE 7.5 mg After GT
creation

PinPoint Guided
AS (20)

17b

Historical
case

control

- 20 ICGA Thoracic
AS

-
Resection

(6)

- 20 non
ICGA

Ivor Lewis

Kumagai
et al[39]

2014-2017
(Japan)

Prospective
cohort

No 70 (59/11) 71 (46-82) Not
reported

Not
reported

2.5 mg
Diagnogre-

en

After GT
creation

PDE Guided
AS 90 s

(70)

8a

Feasibility Cervical
AS

-
Resection

(35)

Neoadjuvant treatment: CT: Chemotherapy, RT: Radiotherapy, CRT: Chemo radiation; Fluorescent imaging system: PDE: Photodynamic Eye; Hamamatsu
Photonics K.K, Hamamatsu, Japan; HEMS: Hyper Eye Medical System; Mizuho Ikakogyo Co., Tokyo, Japan; ICView: Pulsion Medical Systems, Munich,
Germany; SPY: SPY Imaging System, Novadaq Industries Inc., Toronto, Canada; FireFly: Firefly Fluorescence Imaging Scope, Intuitive Surgical, Sunnyvale,
Canada; IMAGE1: IMAGE1 STORZ professional image enhancement system; PinPoint: PinPoint system, Novadaq, Ontario, Canada; ICGA: Indocyanine
green fluorescence angiography;  AL:  Anastomotic  leakage;  GT:  Gastric  tube;  MINORS:  Methodological  Index for  Non-Randomized Studies;  AS:
Anastomotic sites; RAMIE: Robotic assisted minimally invasive esophagectomy.

side anastomosis to an end-to-end anastomosis to reduce the necessary GT length
needed for a cervical anastomosis[19,34,35]. Finally, four authors made additional arterial
or venous anastomosis between the GT vasculature and carotid artery or jugular vein
to  increase  arterial  perfusion  or  venous  drainage  of  the  cervical  anastomosis,  a
technique also known as supercharge or super drainage[34,35,37,40]. Both Ohi et al[35] and
Noma et al[37] described a step-up surgical protocol for a well perfused anastomotic
site. Changing the surgical plan seemed very efficient, as AL after an altered surgical
plan occurred in 6.5% of patients, comparable to the 6.3% AL rate in the well perfused
cohort and significantly less common than the 20.5% AL rate in the non ICG cohort (P
< 0.001).

The effect of ICGA guided surgery on AL
In 1186 patients, a primary esophagogastric anastomosis was made. The 6 patients, in
whom Zehetner et al[28] decided to perform an ischemic conditioning with delayed
anastomosis  were excluded from further analyses.  In the entire  cohort,  13.8% of
patients suffered from AL, 9.9% in the ICGA guided group and 20.5% in the control
group (P < 0.001). Within the group of ICGA guided esophagogastric anastomosis,
592 had a good ICGA perfusion,  but  still  resulted in 6.3% AL rate.  Ninety-three
patients  had  a  low  perfusion  at  the  tip  of  the  GT,  for  which  different  types  of
corrections were performed resulting in an adequate tip perfusion and an AL rate of
6.5%, comparable to the AL rate of the well perfused cohort and significantly lower
than the 47.8% AL rate  in the poorly perfused group (P  <  0.001)  (Figure 2).  The
difference in AL rate is even clearer considering only the cohort with a control group
(P < 0.001) (Figure 3).

DISCUSSION
Surgeons lack the ability to predict AL based simply on gross inspection of tissue
viability, emphasizing the need for a safe, reproducible, and non-invasive method for
perfusion assessment, especially in esophageal reconstructive surgery. We aimed to
review the literature on the feasibility and effectiveness of ICGA as a method to
evaluate graft perfusion and as a predictor of AL after esophagectomy. In addition,
we evaluated published attempts to quantify ICGA based imaging data in esophageal
surgery.

Based on the 1192 included patients, we conclude that ICGA is an easy, safe and
feasible  method for  GT perfusion  assessment  during  esophageal  reconstructive
surgery. There are no reported technical failures of the different ICGA platforms, nor
reports of adverse events, except for an uneventful and transient drop in oxygen
saturation immediately after admission of the ICG, suggesting that this is a ready to
use  method  with  very  limited  risk  and  learning  curve.  The  transient  drop  in
percutaneous oxygen saturation measurement via pulse oximetry is a misreading due
to the interference of the dye’s absorption spectra used by optical-technology-based
monitors who interfere with the oximetry readings.

The time required for assessment of GT perfusion varied from a few seconds to a
few minutes after injection of the dye, which does not significantly affect operating
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Table 2  Influence of Indocyanine green fluorescence angiography on intraoperative decisions and on anastomotic leakage

Ref. Entire cohort n =
1186

ICGA study group n =
752 Non ICGA n = 434

ICGA good perfused
AS, n = 592

ICGA good perfused
altered AS, n = 93

ICGA poor perfused AS,
n = 67

Shimada et al[40] 3/36 2/31 1/5 Superdrainage - -

Kubota et al[18] 0/4 0/4 - - -

Murawa et al[19] 1/15 1/11 0/4 End-to-end - -

Pacheco et al[20] 2/11 1/10 - 1/1 -

Kumagai et al[21] 2/20 2/20 - - -

Rino et al[22] 5/33 5/33 - - -

Sarkaria et al[23] 2/30 2/30 - - -

Hodari et al[25] 3/54 0/39 - - 3/15

Campbell et al[26] 12/90 0/21 - - 12/69

Yukaya et al[27] 9/27 9/27 - - -

Zehetner et al[28] 24/144 2/95 - 22/49 -

Koyonagi et al[30] 7/40 0/25 - 7/15 -

Schlottmann et al[33] 0/5 0/3 0/2 resection - -

Kitagawa et al[29,34] 7/72 3/41 ICG-LMM 0/5 ICG-LMM - -

4/26 ICG - 0/4 End-to-end

- 0/1 Superdrainage

Ohi et al[32,35] 10/120 0/50 1/9 - 9/61

- 0/3 End-to-end

- 1/1
Supercharge/drain

- 0/5 Manubriotomy

Karampiris et al[36] 13/90 0/7 1/26 Resection 2/2 10/55

Noma et al[37] 60/285 6/70 0/1 Supercharge/drain - 54/214

Dalton et al[38] 3/40 0/14 2/6 Resection - 1/20

Kumagai et al[39] 1/70 0/35 1/35 Resection - -

ICGA: Indocyanine green fluorescence angiography.

time. Different teams used different dosages of ICG varying from 2.5 mg to 25 mg, but
none reported serious adverse events, and all described good visualization. Diana[41-43]

performed an optimal dosage study in a pig model resulting in a dose of 0.5 mg/kg as
optimal dose for a reliable fluorescence that could be converted into a time intensity
curve with their VR RENDER perfusion software. At present optimal doses of 0.2-0.5
mg/kg are mentioned in literature, mainly based on the study of Diana, nevertheless
many of the included studies have shown that GT perfusion could be visualized using
a much lower (and potentially less toxic) dose. A recent practical guide for ICGA
guided abdominal surgery also concluded on a bolus dose of 2.5 mg as optimal dose
for  simple  visualization  of  both  esophagogastric  and  colorectal  anastomotic
perfusion[44].

Only a few authors have attempted to quantify the method, usually in colorectal
surgery, but comparison with a golden standard method is rarely reported. The only
quantitative attempt to validate ICGA as a reliable perfusion assessment tool was
performed by Diana et al[41-43], who showed that the time intensity curves of the NIRF
images correlate with hypo-perfusion and tissue ischemia in an experimental pig
model of small bowel ischemia[41-43]. Only five studies reported an attempt to quantify
the  ICGA  signal  during  esophageal  surgery,  based  on  the  speed  of  fluorescent
coloring of the GT after injection of the dye[21,27,30,37,39]. Koyanagi et al[30] added the length
of the GT and anatomical connection between the right and left gastroepiploic artery.
A ROC curve analysis determined a cut-off value of 1.76 cm/s or less as a significant
independent AL predictor (P = 0.004)[30]. Yukaya’s study assessed perfusion based on
inflow and outflow delays detected on 2 points of the gastric conduit. That study
could not show significant differences in AL between flow types, but the authors did
provide the first and only quantitative evaluation method based on time intensity
curves in esophageal surgery[27].
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Figure 2

Figure 2  Anastomotic leakage rates of the entire cohort. ICGA: Indocyanine green fluorescence angiography; AL:
Anastomotic leakage; AS: Anastomotic sites.

AL occurred in 13.8% of the entire cohort, which is in line within the normal range
according to the literature. At present, there are no randomized trials to support the
alteration of the surgical plan based on the ICGA images. Nevertheless, the most
promising aspect of ICGA perfusion assessment is probably its ability to change the
surgical plan. In this review population of 1186 patients, the surgeon chose to change
the surgical plan to increase the blood flow to the anastomotic site, in 93 cases. The
chosen technique varied with surgeon preference and location of the anastomosis. The
AL rate in this altered anastomotic site group was 6.5%, similar to the well perfused
group (6.3%) and significantly less than the poorly perfused group (47.8%) (P < 0.001).
These results suggest that the technique is able to predict and remedy a potentially
worse outcome, but randomized trials  are needed to confirm these retrospective
results.

This review is based on 19 studies with considerable inter-study heterogeneity,
making comparison between studies difficult. Methods of ICGA interpretation and
surgical  consequences  varied  among the  different  study cohorts.  Moreover,  the
included manuscripts  are  mainly prospective feasibility  studies  or  retrospective
analyses of low-grade evidence and with relatively low MINOR scores. The studies
with a control group were all retrospective comparisons to historical control groups.
Most  studies  had  incomplete  or  unmentioned  follow-up  periods  and  lacked
prospective sample size calculations.

The present review suggests that ICGA is a safe, feasible and promising method to
assess graft perfusion that might help reducing AL. At present optimal doses of 0.2-
0.5 mg/kg are mentioned in literature but based on this review a bolus dose of 2.5 mg
is  a  sufficient  optimal  dose  for  visualization  of  esophagogastric  anastomotic
perfusion.

A few authors have attempted to quantify the method, but rarely in oesophageal
surgery and without comparison with a golden standard method, stressing the need
for objective quantification of the ICGA with validated cutoff levels for sufficient graft
perfusion in esophageal surgery. No studies mentioned validation of the method.
Objective,  in  depth  assessment  of  tissue  perfusion  using  NIRF  imaging  during
creation of the esophagogastric anastomosis in EC surgery is lacking. Therefore, we
propose a clinical study that uses NIRF dynamic images to calculate physiologically
relevant  parameters  (blood flow,  blood volume,  vascular  leakage)  and generate
pseudocolor  coded  parametric  maps  using  advanced  curve  analysis  and
compartmental modelling (adiabatic approximation to tissue homogeneity model,
AATH)[45,46].  In addition,  this  study would be the first  to validate imaging-based
perfusion assessment of the stomach graft using tissue, serum, and cellular hallmarks
of hypo-perfusion and hypoxia during esophagectomy[47]. The study is registered in
Clinicaltrials.gov as NCT03587532 and is currently recruiting.

The differences in AL rate between the well perfused and poor perfused AS clearly
suggest that a good fluorescent signal is a predictor of good outcome. The AL rate in
the group with an altered surgical plan based on the ICG image was similar to the
well perfused group and significantly less than the poorly perfused group, suggesting
that  the  technique  is  able  to  predict  and  remedy  a  potentially  worse  outcome.
Reducing AL after oesophageal reconstruction is an ongoing goal of the oesophageal
surgical community, this easy and safe new technique of perioperative perfusion
assessment  has  the potential  to  reduce AL rate  and its  associated mortality,  but
randomized trials  are needed to confirm these retrospective results.  However,  a
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Figure 3

Figure 3  Anastomotic leakage rates of the cohort with a historical control group. ICGA: Indocyanine green
fluorescence angiography; AL: Anastomotic leakage; AS: Anastomotic sites.

prospective randomized study can only compare ICGA guided surgery versus non
ICGA guided surgery and that implies a large sample size demanding a multicentre
study. Comparing in a randomized fashion ICGA good perfused anastomoses versus
ICGA  poor  perfused  anastomosis  would  be  scientifically  perfect  but  ethically
impossible.  At present,  there are no ongoing randomized trials  listed on clinical
trial.gov.

ARTICLE HIGHLIGHTS
Research background
After an esophagectomy, the stomach is most commonly used to restore continuity of the upper
gastrointestinal tract. These esophago-gastric anastomoses are prone to serious complications
such as leakage associated with high morbidity and mortality. The main cause of anastomotic
leakage (AL) is tissue hypoxia, which results from impaired perfusion of the pedicled gastric
tube (GT). Clinical judgment is unreliable in determining GT perfusion.

Research motivation
An objective, validated, and reproducible method to evaluate tissue perfusion at the anastomotic
site  is  urgently  needed.  Based  on  the  current  literature  we  believe  Indocyanine  green
fluorescence angiography (ICGA) is an easy and cheap assessment tool for GT perfusion, that
might predict and therefore alter a potentially bad outcome.

Research objectives
This study aimed to systematically review the literature on feasibility and effectiveness of ICGA
use  as  a  method  to  evaluate  graft  perfusion  and  as  a  predictor  of  AL  after  esophageal
reconstructive  surgery.  Additionally,  current  methods  to  quantify  ICGA  in  esophageal
reconstructive surgery were reviewed.

Research methods
This study was designed according to the PRISMA guidelines and registered in the PROSPERO
database.  Pubmed  and  Embase  were  independently  searched  by  2  reviewers  for  studies
presenting data on intraoperative ICGA GT perfusion assessment during esophago-gastric
reconstruction after  esophagectomy.  Relevant  outcomes such as  feasibility,  complications,
intraoperative surgical changes based on ICGA findings, quantification attempts, anatomical
data and the impact of ICGA on postoperative anastomotic complications, were collected by 2
independent researchers. The quality of the included articles was assessed based on the MINORS
criteria. The 19 included studies presented data on 1192 esophagectomy patients, in 758 patients
ICGA was used perioperative to guide esophageal reconstruction.

Research results
The 19 included studies for qualitative analyses all  described ICGA as a safe and easy. AL
occurred in 13.8% of the entire cohort, 10% in the ICG guided group and 20.6% in the control
group (P < 0.001). When poorly perfused cases are excluded from the analyses, the difference in
AL was even larger (AL well-perfused group 6.3% vs control group 20.5%, P < 0.001). The AL
rate in the group with an altered surgical plan based on the ICG image was 6.5%, similar to the
well perfused group (6.3%) and significantly less than the poorly perfused group (47.8%) (P <
0.001), suggesting that the technique is able to identify and alter a potential bad outcome.

Research conclusions
ICGA is a safe, feasible and promising method for perfusion assessment. Based on this review a
bolus dose of 2.5 mg is a sufficient optimal dose for visualization of esophagogastric anastomotic
perfusion. The differences in AL rate between the well perfused and poor perfused AS clearly
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suggest that a good fluorescent signal is a predictor of good outcome. The AL rate in the group
with an altered surgical plan based on the ICG image was similar to the well perfused group and
significantly less than the poorly perfused group, suggesting that the technique is able to predict
and remedy a potentially worse outcome.

Research perspectives
A few authors have attempted to quantify the method, but rarely in oesophageal surgery and
without  comparison  with  a  golden  standard  method,  stressing  the  need  for  objective
quantification  of  the  ICGA  with  validated  cutoff  levels  for  sufficient  graft  perfusion  in
esophageal surgery. No studies mentioned validation of the method. Therefore, we propose a
clinical study that validates imaging-based perfusion assessment of the stomach graft using
tissue, serum, and cellular hallmarks of hypo-perfusion and hypoxia during esophagectomy. The
study is registered in Clinicaltrials.gov as NCT03587532 and is currently recruiting. This easy
and safe new technique of perioperative perfusion assessment has the potential to reduce AL
rate and its associated mortality, but randomized trials are needed to confirm these retrospective
results. At present, there are no ongoing randomized trials listed on clinical trial.gov. Potentially
because a prospective randomized study comparing ICGA guided surgery versus non ICGA
guided surgery implies a large sample size demanding a large multicentre study.
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Abstract
BACKGROUND
The self-expandable metal stent is used as a bridge to surgery in the treatment of
acute malignant colorectal obstruction (AMCO). However, recent studies have
shown inferior long-term outcomes and increased risk of tumor dissemination
after stent placement. In addition, the optimal interval between stent placement
and surgery is not clear. The aim of the current study was to present a new
strategy for AMCO: stent placement followed by preoperative chemotherapy and
elective surgery.

CASE SUMMARY
Six patients were diagnosed as acute obstruction. There was one patient with
descending cancer, four with sigmoid cancers and one with rectal cancer. The
obstructive symptoms of these six patients were relieved within 3 d after stent
placement. After receiving two cycles of preoperative chemotherapy, consisting
of modified infusional fluorouracil, leucovorin and oxaliplatin [modified
FOLFOX6 (mFOLFOX6)], they underwent elective surgery of primary tumor
resection. None of the 6 patients received colostomy or colonic lavage during
surgery. There was no complication of anastomotic leak, ileus or surgical site
infection after surgery. In addition, the patients had low operation time and
blood loss, adequate lymph nodes harvest and fast postoperative recovery.

CONCLUSION
The two-cycle mFOLFOX6 preoperative chemotherapy and elective surgery after
stent placement is a safe and feasible strategy in the management of AMCO.

Key words: Stent; Colorectal cancer; Obstruction; Preoperative chemotherapy; Case report
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Core tip: The favorable short-term outcomes of stent placement, as a bridge to surgery
for acute malignant colorectal obstruction, have been well described comparing with
emergency surgery. However, the risk of tumor dissemination after stent placement is
still a topic of concern. In addition, the current interval between stent placement and
surgery is inadequate for the patient’s recovery and primary anastomosis. This study is to
present the strategy of arranging two cycles of preoperative chemotherapy between stent
placement and elective surgery for obstructive colorectal cancers. The six cases of
patients showed no stoma creations and no adverse events.

Citation: Liu JJ, Ma TH, Qin QY, Wang L. Stent placement followed by preoperative
chemotherapy and elective surgery for acute malignant colorectal obstruction: Six cases of
report. World J Gastrointest Oncol 2019; 11(3): 264-269
URL: https://www.wjgnet.com/1948-5204/full/v11/i3/264.htm
DOI: https://dx.doi.org/10.4251/wjgo.v11.i3.264

INTRODUCTION
Acute malignant colorectal obstruction (AMCO) occurs in approximately 8.3% of
colorectal cancers[1]. Management of AMCO requires thorough assessment of patients,
comprehensive  understanding of  the  pathology and careful  choice  of  treatment
options. Since first introduced in 1994[2], stent placement has been widely used as a
bridge to surgery for AMCO. Many randomized controlled trials and systematic
reviews have demonstrated that stent placement followed by elective surgery is a safe
and  effective  approach  that  has  a  lower  stoma  rate  and  reduced  postoperative
complications when compared with emergency surgery[3-9].

However, there are some concerns about the oncological safety of stent placement
for AMCO. Recent studies have shown that stent use in AMCO resulted in higher
local recurrence rate or inferior survival outcomes[10,11]. In clinical practice, surgery of
tumor resection was arranged about one week after stent placement. However, there
are still  some patients  who cannot  recovery well  or  obtain primary anastomosis
without stoma creation in this short time. A recent meta-analysis indicated that the
postoperative complication rate of using a stent as a bridge to surgery was up to
37.84%, and that the stoma rate was 28.8%[8]. Adding preoperative chemotherapy into
the prolonged interval between stent placement and elective surgery may reduce the
risk of tumor dissemination and improve the general status of patients. In the current
study, we presented six patients treated with two cycles of  preoperative chemo-
therapy and elective surgery after stent placement and evaluated their outcomes.

CASES PRESENTATION

Chief complaints
From March 2016 to  October  2017,  six  patients  were  hospitalized with the  chief
complaints  of  abdominal  distention,  abdominal  pain  and  stop  of  flatus  and
defecation.

History of present illness
They had the chronic symptoms of colorectal cancers for at least two week, such as
abdominal pain, change of the bowel habit and change of the stool character. The
acute obstruction was occurred within 48 h before hospital admission. The signs of
bowel perforation and strangulated obstruction were not found in these patients.

History of past illness
The six patients had Eastern Cooperative Oncology Group (ECOG) performance
status ≥ 2 and adequate hematologic, liver and renal function. They had no other
cancers or clinically significant cardiovascular diseases.

Physical examination
Abdominal distention and hyperactive bowel sounds were found. Peritoneal irritation
signs were not found.
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Laboratory testing
The blood routine index, biochemical function and tumor biomarker were tested after
hospitalization. The initial testing results of hemoglobin, albumin and creatinine were
shown in Table 1.

Imaging examination
Bowel distention with gas and effusion was shown in abdominal X-ray. Computed
tomography (CT) showed that the obstructing tumor was located on left-sided colon
or  upper  rectum (more  than  10  cm from the  anal  verge).  Obvious  distention  of
proximal bowel was also found in CT scan. The tumor stage was examined through
enhanced CT scanning.

FINAL DIAGNOSIS
The basic characteristics of the six patients are shown in Table 1. Six patients were
diagnosed with AMCO. There was one patient with descending cancer, four with
sigmoid cancers and one with rectal cancer. Two patients had synchronous hepatic
metastasis. One patient had two metastastic sites in the left lobe of liver (maximum
diameter:  1.6 cm and 5.8 cm), and the other patient had one metastatic site in S8
(maximum diameter: 2.2 cm).

TREATMENT

Stent placement
Before  stent  placement,  an  endoscopic  biopsy  was  carried  out  to  confirm  the
malignancy diagnosis. An endoscope was used to cross the stricture caused by the
tumor. When the stricture could not be crossed, a guide wire in a catheter was used.
Contrast agent was injected through the catheter to estimate the length and width of
the stricture.  An appropriately sized of  self-expandable  metal  stent  (SEMS) was
chosen according to the estimation of the stricture. The stent delivery system was
pushed into the area of the stricture with radio-endoscopic guidance. The stent was
deployed to crossover the distal and proximal end of the stricture. The passing of fecal
material through the stent indicated successful placement. If complications from the
stent occurred, including re-obstruction, migration of the stent or bowel perforation,
patients were sent to emergency surgery.

Preoperative chemotherapy
After  stent  placement,  the  six  patients  were  scheduled for  preoperative  chemo-
therapy, which consisted of two cycles of modified infusional fluorouracil, leucovorin
and oxaliplatin [modified FOLFOX6 (mFOLFOX6)], instead of direct surgery. The
timing of preoperative chemotherapy after stent placement was determined by the
time when the obstructive symptoms disappeared. Each cycle consisted of oxaliplatin
85 mg/m2, leucovorin 400 mg/m2 and fluorouracil 400 mg/m2 given intravenously on
day 1 and fluorouracil  2400 mg/m2  given over 48-h of continuously intravenous
infusion on days  1-2.  Acute  adverse  events  associated with  chemotherapy were
graded according to the Common Terminology Criteria Adverse Events Version 4.03.

Elective surgery
Surgery of primary tumor resection was performed two to three weeks after the end
of  chemotherapy.  Mechanical  bowel  preparation  was  used  preoperatively.
Laparoscopic or open surgery was performed by senior surgeons. Complete mesocolic
or mesorectal excision with central vascular ligation was adopted as the standard
technique. Stoma creation or colonic lavage was selectively performed in the cases
with obvious bowel edema or distention, or doubtful anastomosis.

Postoperative treatment
The patient with one metastatic site in S8 underwent microwave ablation. The patient
with two hepatic metastatic tumors in left liver lobe underwent partial hepatectomy,
but  he  refused  postoperative  chemotherapy.  The  other  five  patients  received
postoperative chemotherapy for three to six months.

OUTCOME AND FOLLOW UP
The obstructive symptoms of these six patients were disappeared within 3 d after
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Table 1  Patient characteristics

Characteristics Data ( n = 6)

Sex

Male 4 (66.7%)

Female 2 (33.3%)

Age, yr 65 (38-76)

BMI*, kg/m2 20.1 (17.1-23.6)

Hemoglobin*, g/L 123.5 (88-143)

Albumin*, g/L 38.5 (34.1-43.1)

Creatinine*, μmoI/L 66 (42.3-94.7)

Tumor site, clinical stage#

Descending colon, III 1 (16.7%)

Sigmoid colon, III 1 (16.7%)

Sigmoid colon, III 2 (33.3%)

Sigmoid colon, IV 1 (16.7%)

Rectum, II 1 (16.7%)

Data are median (range) or n  (%). *The initial testing during the first hospitalization. #Evaluated before
chemotherapy.

stent placement. No patients had complications caused by stents. The median time
between stent placement and preoperative chemotherapy was 9 d (range, 3-34). None
of the grade 3/4 toxicities were found. The median time between stent placement and
elective surgery was 38 d (range, 33-43). All of the six patients underwent primary
tumor resections with primary anastomosis. No patient had stoma creation, colonic
lavage or postoperative complication. Five patients (83.3%) received laparoscopic
surgery. The median operation time was 162.5 min (range, 112-270).  The median
blood loss was 50 mL (range, 30-100). The median lymph node harvest was 26 (range,
13-45). The median time to first flatus was 2 d (range, 2-4). The median postoperative
stay was 11.5 d (range, 9-17). The perioperative outcomes are shown in Table 2.

Eighteen months after surgery of primary tumor resection was set for the follow-up
period. Two patients were found with peritoneal metastasis at the end of follow-up
period (both of them received postoperative chemotherapy).

DISCUSSION
The use of SEMS as a bridge to surgery for AMCO has been an increasingly common
practice in qualified medical centers. In the present study, we introduced the clinical
use of preoperative chemotherapy and elective resection after stent placement for
AMCO. The case series showed that this new approach provided no stoma creation
and no morbidity.

The original intention of adding preoperative chemotherapy after stent placement
was to lighten the potential adverse effect of stent placement. Maruthachalam et al[12]

found that insertion of a stent resulted in increased levels of CK20 mRNA in the
peripheral blood of patients with colorectal cancer, which was considered to promote
the distribution of occult tumor cells. Fryer et al[13]  analyzed the histopathological
changes induced by stent placement in 72 patients and concluded that the changes of
the  tumor  included  tumor  necrosis  (100%)  and  flat  ulceration  (77.8%).  Colonic
perforation caused by the stent may potentially result in the peritoneal seeding[14]. In a
retrospective study of Korea, a higher rate of perineural invasion was observed in
patients of the stent group compared to surgery group (76% vs 51.4%, respectively)[15].
Sabbagh et al[11] first reported significantly lower overall survival for the patients with
stent placement after conducting a propensity score analysis. Although receiving
preoperative and postoperative chemotherapy, two patients in our study were found
with peritoneal metastasis at the end of follow-up period. It demonstrates that the
evidence  about  the  inferior  oncological  outcomes  of  stent  placement  may  be
underestimated in our clinical practice.

Most obstructing colorectal cancers are in the advanced stage. For the metastatic
colorectal cancers that are suitable for curative resection, it is appropriate to carry out
preoperative chemotherapy in order to reduce the tumor load. In terms of tumors
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Table 2  Perioperative outcomes

Variables Data (n = 6)

Grade 3/4 toxicities; Surgical approach 0

Laparoscopic 5 (83.3%)

Open 1 (16.7%)

Conversion 0

Operation time, min 162.5 (112-270)

Blood loss, mL 50 (30-100)

Lymph nodes harvest 26 (13-45)

Stoma creation 0

Colonic lavage 0

Complication 0

Anastomotic leakage 0

Surgical site infection 0

Ileus 0

Time to first flatus, d 2 (2-4)

Postoperative stay, d 11.5 (9-17)

Data are median (range) or n (%).

without  macroscopic  metastasis,  preoperative  chemotherapy was  considered to
eradicate micrometastasis and to reduce the risk of incomplete excision. Preoperative
chemotherapy in locally advanced rectal cancer has been recommended by clinical
guidelines.  For  locally  advanced  and  operable  colon  cancers,  preoperative
chemotherapy is feasible with encouraging pathological responses, although long-
term outcomes are unknown[16].

The optimal time interval between stent placement and subsequent surgery has not
been clearly mentioned by previous studies. Five to ten days was recommended by
the guidelines of the European Society of Digestive Endoscopy[17]. A meta-analysis
showed  a  median  interval  of  ten  days  from  stent  placement  to  surgery[9].  A
retrospective study from Turkey concluded that time intervals of seven to nine days
after stent placement is sufficient for safe surgery[18]. However, extending the time
interval will lead to better recovery of bowel and nutritional status. The six cases
showed that primary anastomosis without stoma creation was obtained after the
interval of four weeks. In our experiences, a time interval of ten days is not enough for
the bowel to restore.  We considered that the better bowel environment could be
obtained at least four weeks after stent placement. However, a prolonged interval
may  increase  the  technical  difficulty  of  surgery  because  of  more  local  tumor
infiltration  and  fibrosis  in  patients  with  stents.  In  addition,  more  cycles  of
chemotherapy during stent placement might induce more complications such as
bowel reobstruction, stent migration and bowel perforation. In our study, the two
cycles of preoperative chemotherapy have excellent clinical outcomes and patient
compliance. However, it needs further studies to confirm.

CONCLUSION
The  study  demonstrates  that  the  placement  of  SEMS  followed  by  two-cycle
preoperative chemotherapy and elective surgery is a safe and feasible strategy for the
treatment  of  AMCO.  This  new  strategy  brings  no  stoma  creation  and  low
postoperative morbidity. Surgeons can apply this method to selected patients after
thorough evaluations and multidisciplinary collaborations. However, the oncological
improvement of this strategy and the optimal cycles of preoperative chemotherapy
need confirmation in further studies, in particular clinical trials.
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