
Journal of Cancer 2014, Vol. 5 
 

 
http://www.jcancer.org 

784 

JJoouurrnnaall  ooff  CCaanncceerr  
2014; 5(9): 784-789. doi: 10.7150/jca.9485 

Research Paper 

The Cause and Prevention of Anastomotic Recurrence 
following Colectomy: An Immunohistochemical 
Approach for Detecting Transforming Colonocytes 
M. Arlen1,3,  J. Crawford2, G. Coppa1,  O. Saric3,  J. Bandovic2,  A. Doubakovski3,  J. Sullivan1,  C. Conte1,  
A. Kadison1,  J. Procaccino1,  P. Arlen3,  X. Wang3,  E. Molmenti1 

1. Dept. Surgery NSUH, Manhasset NY, USA; 
2. Dept. Pathology NSUH, Manhasset NY, USA;  
3. Dept. Precision Biologics, Great Neck NY, USA.  

 Corresponding author: Myron Arlen, MD, myronarlen@yahoo.com. 

© Ivyspring International Publisher. This is an open-access article distributed under the terms of the Creative Commons License (http://creativecommons.org/ 
licenses/by-nc-nd/3.0/). Reproduction is permitted for personal, noncommercial use, provided that the article is in whole, unmodified, and properly cited. 

Received: 2014.04.23; Accepted: 2014.06.18; Published: 2014.10.23 

Abstract 

With the ability to identify the presence of transforming colonocytes in a field adjacent to an 
existing primary colon cancer, it is now possible to reduce if not eliminate one of the major causes 
leading to anastomotic tumor recurrence. In a review of those colectomy cases that presented 
post-surgery with anastomotic recurrence, we noted that mucosal abnormalities could readily be 
detected adjacent to the primary lesion. Such changes had gone unrecognized at the time of 
surgery, when standard histologic procedures were employed. By utilizing monoclonal antibodies 
(mAbs) that defined the presence of tumor immunogenic proteins, we were able to reexamine 
so-called normal biopsy sites adjacent to the tumor. Here, it was possible to demonstrate the 
presence of altered cellular activity in existing phenotypically normal appearing colonocytes that 
were in the process of transforming to malignancy.  
Eight consecutive patients that had been admitted for evaluation and resection of an anastomotic 
recurrence post colectomy, were studied with regard to possible etiologic factors. The original 
margins incorporated into the anastomosis were re-examined by immunohistochemistry em-
ploying those monoclonal antibodies (mAbs) designed to target colon tumor antigen. This antigen 
had previously been shown to be expressed only in colon cancer and not in adjacent normal tissue. 
In addition, biopsies from margins of resection in five patients free of recurrence following co-
lectomy were also studied along with colon specimens from 50 normal patients, 
non-demonstrating expression of tumor antigen in the normal appearing colonocytes.  
In each of the patients who had presented with anastomotic recurrence, normal appearing co-
lonocytes defined by light microscopy and found adjacent to the previously resected primary le-
sion, expressed tumor antigen. The antigen detected in these colonocytes proved to be identical 
to antigen expressed in the anastomotic recurrence giving credence to the concept that these 
normal appearing cells in proximity to the tumor were responsible for the regrowth of tumor in 
the suture line used to establish continuity of the bowel.  
Based on the findings of this preliminary retrospective study it is felt that at the time of performing 
a colectomy for a malignant lesion of the bowel, that it is important that those normal appearing 
colonocytes adjacent to tumor be evaluated for expression of tumor associated antigen. Excluding 
such cells from an anastomosis, may help to assure that tumor recurrence will be minimized if not 
totally eliminated. 
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Introduction 
In a small, but well defined number of cases, 

development of an anastomotic recurrence following 
colectomy for a malignant lesion will occur. (1). The 
figures for the incidence of such recurrence have 
ranged from 10-15 % of those patients so treated. Un-
fortunately when an anastomotic recurrence is noted 
within the one to two year period following surgery, 
end results following re-resection are usually poor. It 
is also felt that when the margin of resection that can 
be obtained surgically is suboptimal when there is 
proximity to the levator ani sphincter at the time of 
low anterior resection, that the incidence of recurrence 
is more frequently noted. Speculations as to possible 
causes for this complication have been numerous (2, 
3). Various surgical modifications have as such been 
introduced, but most have failed to reduce the overall 
incidence of this complication (4). Based on these re-
sults, improved technical issues related to perfor-
mance of this procedure have been found to be of little 
or no consequence in reducing this problem (5). Re-
currence of tumor in this situation, after investigation 
of a number of possible issues, now appears to be the 
result of a failure to define premalignant changes 
noted histologically in the mucosal field adjacent to 
the primary lesion. Such cellular changes in normal 
appearing colonocytes within proximity of the pri-
mary bowel lesion take place on a molecular level 
within the normal appearing colonocytes. These 
transforming cells may inadvertently be incorporated 
into the suture line used for establishing bowel con-
tinuity and be the root cause of the anastomotic re-
currence (6).  

Method of Evaluation 
Eight cases of consecutive anastomotic recur-

rence following resection of the colon for adenocar-
cinoma were evaluated for factors that resulted in the 
appearance of a local suture line recurrence. In each 
case, the margins adjacent to the resected primary 
tumor had been initially examined and found free of 
dysplastic or atypical cells histologically. These same 
margins were re-examined after the patient presented 
with recurrent tumor. In these patients the mucosal 
cells adjacent to the site of the primary lesion were 
checked for the expression of tumor antigen and 
when noted, suggested that malignant transformation 
was an ongoing process within these cells and that 
incorporating such cells in the planned suture line 
was directly responsible for the observed recurrence.  

 In an extensive study to define the expression of 
colon cancer antigens that had been defined by our 
group, most if not all of the colon tumors were found 
to express one or a combination of three immunogenic 
proteins. We had previously defined, characterized 
and developed monoclonal antibodies against each of 
the immunogenic proteins. In all cases where normal 
colonocytes were examined from other areas distal to 
the tumor, none of those cell populations were found 
to express these tumor proteins 

Specific monoclonals that we had developed to 
target tumor antigens were employed to define those 
immunogenic proteins specifically found in the pri-
mary colonic lesion as well indicate the possible 
presence of, these same proteins in transforming cells 
(7). When incorporated into the anastomosis, such 
transforming cells were invariably found to be related 
to the development of the anastomotic tumor. (Fig.1) 

 

 
Figure 1. A demonstrates normal appearing colonocytes at the margins of resection, stained by H&E. B shows the appearance of these same cells 
evaluated by immuno-histochemical staining with one of the tumor monoclonal antibodies, 31.1, derived from colon tumor associated antigen (TAA). 
Tumor antigen is clearly noted to be expressed in many of the cells.   
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Figure 2. Illustrates the expression of tumor antigen (brown nodular pigment) defined by monoclonal Neo 201 in normal colonocytes examined at the 
margin of resection in a patient presenting with recurrence anastomotic tumor. 

 
Monoclonal antibodies (MAbs) used to examine 

colon margins adjacent to the resected primary tumor, 
were initially developed as hybridomas by our group. 
They were then sequenced and transfected into CHO 
cells to allow for stability of the mAbs. These mAbs 
were capable of identifying and characterizing the 
immunogenic glycoproteins expressed in essentially 
all colon adenocarcinomas examined, and now for the 
first time in normal appearing colonocytes adjacent to 
the primary bowel lesion. (8) (Fig. 2)  

Tumor antigens (TAA’s) present in colon can-
cers, had first been isolated from pooled allogeneic 
membrane homogenates obtained from operating 
room specimens.(10) These tumor proteins,  were 
fractionated and tested for specificity by delayed cu-
taneous hypersensitivity in individuals with colorec-
tal cancer as well as healthy volunteers. The mAbs 
that were developed from colon TAA were later uti-
lized for immunoprecipitation of partially purified 
antigen extracts. Further characterization was 
achieved by mass spectroscopy. Three distinct onco-
fetal proteins were identified. They were found to be 
expressed alone, and in various combinations within 
the tumors examined. The antibodies found targeting 
the colon tumor proteins not only served to define 
effective tumor markers by immunohistochemistry 
(IHC) and thru serum ELISA, but could also target the 
tumor for destruction thru antibody dependent cell 
cytotoxicity (ADCC) when the correct protein was 
present. (11)  

The oncofetal proteins that we identified in ex-
tracts from colorectal carcinoma consisted of mutated 
variants of MUC5ac, A33 and CEAcam 5, 6. (12) 
Modifications in antigenic structure appeared to occur 

as mutations or post translational changes in the core 
peptide of those original glycoproteins found in the 
fetal state. The deviations in antigenic structure oc-
curred in a unique way so that these tumor proteins 
appeared distinct and failed to react with the com-
mercial antibodies that targeted the oncofetal proteins 
from which the TAA’s were associated. Those anti-
bodies derived from the original tumor membrane 
preparations were Neo 101 and its newer version Neo 
102 targeting an altered molecule having some ho-
mologous sequences to MUC5ac, monoclonal 16C3 or 
Neo 201 which was derived from an altered form of 
CEAcam5, 6 and monoclonal 31.1 which targeted the 
posttranslational changes of A33. All of these mono-
clonals were effective in defining the presence of tu-
mor protein by immunohistochemistry (IHC); how-
ever 31.1 antigen appeared heat labile and could only 
be identified on frozen section. The remaining two 
mAbs could target their protein in paraffin sections. 
As such, when employed in the OR for examining 
margins of resection in preparation for an anastomo-
sis, kits in preparation containing the 3 monoclonals, 
will be used for the analysis of frozen section speci-
mens.   

IHC Procedure on histologic specimens 
Specimens taken from margins are microtome 

sectioned and fixed in acetone for 20 sec followed by 
PBS for 20 seconds. Slides are then pre- warmed on a 
slide dryer at 370C. 

Pre-diluted antibody in PBS is then added to the 
slides for 3 min. While incubating with mAb, prepare 
x2 conc. DAB substrate solution. Using DAB plus kit 
(Invitrogen). Use one drop of solution #1 and two 
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drops of solution #2 and #3 per each ml. of H2O. Then 
shake of antibody mix and rinse in two beakers with 
100 ml. PBS 5 sec x2 Add DAB substrate solution for 
1.5 min. Rinse in PBS Dip once (5 sec.) in Gill #2 he-
matoxylin solution. Wash briefly to develop blue col-
or in NH4OH (0.4%) in tap water. Put in dH2O and 
mount using a water based mounting solution fol-
lowed by microscopic analysis. Procedure takes about 
15 min. 

Results 
We had originally demonstrated the presence of 

colon tumor antigen by (IHC) in all fully malignant 
bowel lesions that had been examined in our lab 
(Fig.3). By using these antibodies in examining 
post-operative colon cancer specimens, we unex-
pectedly noted that antigen expression was also pre-
sent in normal appearing colonocytes adjacent to the 
primary malignancy. (see Fig. 2) This process ap-
peared to represent premalignant transformation 
taking place in a field adjacent to the primary lesion.  

When factors that could lead to the recurrence of 
tumor at the anastomotic site were first under con-
sideration, we felt that that it might be of value to 
reexamine those margins of resection that were adja-
cent to the primary malignant lesion and were em-
ployed in the initial bowel anastomosis. Here routine 
histology of the tissue sampled indicated that the co-
lonocytes adjacent to tumor were phenotypically 
normal in appearance. We examined 8 consecutive 
instances where bowel anastomosis resulted in re-

growth of tumor in the suture line. Table 1 list the 
nature of the primary lesion having undergone resec-
tion, as well as which antigen was expressed within 
the tumor. The antigen in the anastomotic recurrence 
was then compared to that in the primary cancer as 
well as the altered colonocytes and found to be iden-
tical. In each of the 8 patients, tumor antigen was 
noted in the adjacent normal appearing colonocytes. 
Patterns of expression however, were scattered 
among the cells suggesting that antigen expression 
varied over time and that multiple samples had to be 
obtained for examination at surgery. We later exam-
ined 5 patients having undergone bowel resection, 
where no evidence of anastomotic recurrence had 
developed. In this small group, none of the mucosal 
cells were found to express tumor antigen. It was felt 
that if tumor had arisen as a result of a field effect, 
where multiple normal appearing cells might be in the 
process of transition, that the lesion being resected 
may have developed in the lower aspect of the field 
and that changes that existed in normal colonocytes 
may have extended only a few millimeters below the 
lesion, well within margins of resection that had been 
employed.  

Colon samples were also examined from 50 pa-
tients having a bowel resection in the absence of ma-
lignant pathology. Specimens were examined by IHC 
employing those mAbs known to characterize the 
several colon cancer TAAs. In none of these normal 
colon specimens did any of the colonocytes demon-
strate evidence of tumor antigen expression.  

 

Table 1. examining the nature of antigen expression in specimens associated with anastomotic recurrence. 

 Patient Age/Sex Tumor Location  Size 
  
 

TNM stage 
Primary/Recurrence 
Surgery Date 

Tumor 
margin 
by H&E 

Tumor  
in margin 

Antigen  
in recurrence' margin 

RS 76 M Sigmoid 
Colon 

3.5 
cm 

T3N0M0  
7/25/2005 to 5/20/2006  

Neg Neo 102-25%  
Neo 201-10% 

Neo102-25% 
Neo 201-50% 

HD 55 M Rt. Colon n/a T1N0M0  
7/15/2005 to 3/31/2006 

Neg Neo 102-neg 
Neo201-40% 

Neo 102-40%  
Neo 201-50% 

JS 71 F Rt. Colon 2.7 
cm 

T2N0M0  
9/23/2008 to 12/15/2009 

Neg ? 31.1 pos ?31.1 

JW 77 M Rt. Colon 5 cm T4N0M0  
9/17/2009 to 7/26/2010  

Neg Neo 102-10%  
Neo 201-10% 

Neo 102-70% 
Neo 102-10% 

ES 80 F Rt. Colon  5 cm T4N0M0  
722//2010/ 

Neg Neo 102-5% 
Neo 201-5% 

Neo 102-60%  
Neo 201-40% 

VP 77 F Rt. Colon 4 cm T3N2M0 Neg Neo 102-5%  
Neo 201-10% 

Neo 102-50%  
Neo 201-50% 

JG 72 M Sigmoid  
Colon 

3 cm T3N0M0 Neg Neo 102-5% 
Neo201-15%  

Neo 102-90%  
Neo 201-20% 

JK 82 M Lt.  
Colon 

3.5 
cm 

T3N0M0 Neg  31.1? ?31.1 

 
 

 
 



 Journal of Cancer 2014, Vol. 5 

 
http://www.jcancer.org 

788 

 
Figure 3. Carcinoma of the Colon expressing immunogenic Tumor Associated Antigen identified using Monoclonal antibody Neo 102. 

 

Discussion 
Many colorectal surgeons have considered re 

appearance of tumor in the suture line of the bowel to 
be related to the surgical technique employed during 
resection (13) as well as inadequate removal of the 
adjacent lymphatics from the tissue surrounding the 
primary lesion (14, 15,) Others have speculated that 
exfoliated cells from the primary lesion have im-
planted in the bowel wall causing the recurrence. As 
such they have employed cytocidal agents applied to 
distal bowel ends, as a method for reducing the po-
tential for local recurrence (16). Based on the premise 
of inadequate resection, most have felt that at the time 
of a low anterior resection, one should obtain distal 
clearance beyond the primary tumor of at least 5 cm. 
This was considered to be an important requirement 
for minimizing the problem (17, 18). Later this concept 
was modified so that a surgical margin of 2 cm. distal 
to the primary lesion was considered sufficient. Little 
of these approaches however, have altered the prob-
lem of a post-operative anastomotic recurrence. A 
more reasonable explanation relates to defining the 
presence of immunogenic tumor proteins expressed 
in normal appearing colonocytes adjacent to a pri-
mary malignant bowel lesion. This finding is now felt 
to be a factor for enhancing the potential for devel-
opment of local recurrent disease, should those atyp-
ical colonocytes be included in the anastomotic field.  

To better understand the nature and origin of 
transforming colonocytes in proximity to a primary 

colonic lesion, it now appears that a field effect may 
exist around the site of the primary malignancy (19). 
Such a field probably represents a site of oncogenic 
transformation wherein an array of transforming cells 
develops secondary to the effect of an oncogenic virus 
or carcinogen. In this field, the initial groups of cells 
that complete the transformation to a fully malignant 
phenotype probably suppress surrounding 
premalignant cells from further transformation on a 
local immunogenic basis. Removal of the primary 
lesion may eliminate this suppressive effect and allow 
premalignant cells i.e. colonocytes expressing antigen, 
to progress to the fully malignant phenotype, the 
anastomotic recurrence (20). 

This phenomenon of a field effect with 
premalignant yet normal appearing cells adjacent to a 
malignancy has now been recognized with other le-
sions such as lung cancer. Kadara et. al. employed a 
genetic approach to examine normal cells adjacent to 
lung cancer to define premalignant changes taking 
place. Transforming cells that were identified were 
felt to define early premalignant changes (21). We are 
now in the process of mapping out the field effect 
surrounding colonic malignancies and evaluating 
genetic alterations in the transforming colonocytes.  

Conclusion 
At present, the standard for following patients 

undergoing anterior resection or any procedure 
where the margins of resection might be of concern, is 
the use of endoscopic ultrasound along with colon-
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oscopy (22). In the future, employing Immunohisto-
chemical procedures in the OR at time of evaluation of 
margins of resection is expected to become a standard.  
We believe that this will eventually preempt the need 
for the colonoscopy/EUS which defines the lesion as 
it is developing, rather than preventing its occurrence. 
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