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Abstract. Duodenal or pancreatic invasion in locally 
advanced right colon cancer  (LARCC) is a challenging 
situation that can pose difficulties in its management. When 
the duodenum alone is invaded, the surgeon may undertake 
right hemicolectomy (RH) en bloc with the affected patch 
of duodenum. The duodenal defect can be reconstructed 
using several techniques. When invasion of the pancreas is 
present, RH en bloc with duodenopancreatectomy (DP) is 
the treatment of choice. We present our experience regarding 
the treatment and prognostic results of this rare colon cancer 
form. We retrospectively reviewed the data of patients who 
underwent surgery for right‑sided colon cancer with duodenal 
and/or pancreatic invasion between January  2004 and 
March 2020. Among the 110 patients with LARCC, pancreas 
and/or duodenum invasion was encountered in 22 patients, 
with a mean age of 49.5  years. From the 22  patients, 
5 patients underwent palliative procedures, with a maximal 
survival of 15 months. Three patients underwent RH alone, 
with lethal outcome in the first year in 66% of the cases. 
RH en bloc with antrectomy was performed in 2 patients. 
Eight patients underwent RH with DP, with a 1‑year survival 
of 75% (6/8) and a 5‑year survival of 50% (3/6). Thirty‑day 
mortality post‑DP was noted in 25% (2/8) of the cases. Four 
patients underwent RH with limited duodenal resection, with 
no recurrence of disease at 11 to 39 months postoperatively. 
Among the duodenal defect restoration, simple duodenal 

suture was practiced in 2 patients, duodenojejunostomy in 
one patient and pedicled ileal flap in 1 case. In conclusion, 
although postoperative mortality can be significant, en 
bloc resection for LARCC invading the duodenum and/or 
pancreas offers prolonged survival in a considerable number 
of patients.

Introduction

Locally advanced colon cancers constitute 10%  of all 
colorectal malignancies at the time of diagnosis (1) and are 
more common in the rectosigmoid (66‑89%) (2).

The incidence of right‑sided colon cancers  (RSCCs) 
invading adjacent organs is rare (11‑28%) (3). Their manage‑
ment is particularly challenging especially if invasion of 
the duodenum or pancreas occurs. Multivisceral resections 
have proven their efficiency with satisfactory outcomes 
concerning recurrence status and survival rates  (4). In 
duodenal and/or pancreatic invasion, the optimal technique 
utilized is right hemicolectomy (RH) with en bloc duode‑
nopancreatectomy (DP) (5). Therefore, radical resection of 
the lesion in association with local lymph node dissection 
provides the opportunity of maximal local control  (6). 
Nevertheless, the complexity of the procedure, the risks of 
postoperative morbidity and a poor patient general condi‑
tion in T4 RSCC prompt the surgeon to opt for palliative 
treatment or limited duodenal resections. Limited duodenal 
resections show promising survival results if the margins 
of at least 1 cm from the invaded area are respected (7) 
and when the papilla of Vater and pancreas are intact. 
The intestinal integrity must be restored by one of the 
duodenal continuity reconstruction techniques if large 
duodenal defects are present. Several procedures have 
been proposed, including pedicled gastric flap (8), serosal 
jejunal patching (9), serosal ileal patching, mucosal jejunal 
patching (10) and duodenojejunostomy (11).

Herein, we present our experience regarding the manage‑
ment of RSCC invading the duodenum or pancreas; the aim 
of the study was to analyze the long‑term outcomes after such 
resections.
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Patients and methods

We selected all of the patients with locally advanced 
right‑sided colon cancer (LARCC) including the proximal 
two‑thirds of the transverse colon, who were admitted into our 
130‑bed surgical department of ‘Fundeni’ Clinical Institute 
from January 2004 to March 2020. RSCC was considered 
locally advanced when adjacent structures or organs were 
involved. Patients who presented distant metastasis, peritoneal 
spread, vascular invasion or recurrent disease were excluded 
from the current study. From the patients with LARCC, the 
medical records of 22 patients with colon cancer invading 
the duodenum or pancreas were reviewed in detail. The data 
analyzed, retrospectively, included demographics, site, clinical 
presentation, imagistic findings, type of surgery, postoperative 
course, pathologic staging of the tumor according to the Union 
for International Cancer Control TNM system (www.uicc.org), 
pathologic grading, tumor size, postoperative morbidity, adju‑
vant treatment modalities and follow‑up duration. Survival 
rates were calculated using Microsoft Excel program.

Results

Among the 110 patients with LARCC who underwent surgery 
at our department, the most frequently invaded structure was 
perinephric fat. Pancreas and duodenum involvement was 
encountered in 22 cases (19%). Other sites of invasion are 
listed in Table I.

The mean age of the patients with pancreatic or duodenal 
involvement of the disease was 49.5 years and ranged between 
25  and  77  years, with a prevalence of male patients over 
female patients (16/6; 83%/17%). The most frequent site of 
origin of RSCC involving the duodenum or pancreas was the 
hepatic flexure of the colon in 18 cases (81%), followed by the 
ascending portion of the colon in 3 (14%) cases and cecum in 
1 case. Seventeen patients (77%) had anemia at presentation. 
Other symptoms such as pain, altered bowel habits or weight 
loss were found in 15 patients (68%), whereas 3 patients under‑
went emergency surgery for tumor perforation or hemorrhage. 
Eighteen patients (81%) underwent a preoperative computed 
tomography (CT) scan. Duodenal/pancreatic involvement on 
CT scan was suspected in 11/18 (61%) patients.

Intestinal bypass was practiced in 5/22 (22%) cases, mostly 
due to patient comorbidities and age. Two of these patients had 
liver cirrhosis, one had a history of acute myocardial ischemia 
and stroke and two were over 75  years of age. The other 
17 patients underwent RH, RH en bloc with DP, RH en bloc 
with antrectomy and proximal duodenal resection or RH with 
partial duodenectomy. Clinical data of patients who underwent 
resections are detailed in Table II.

Overall, 8/17 patients (47%) underwent en bloc DP with 
standard reconstruction techniques. Palliative RH was prac‑
ticed in 3 patients (18%), because of the emergent nature of 
the surgical procedure (tumor perforation or hemorrhage). 
Another 2 patients underwent right extended hemicolectomy 
en bloc with antrectomy, when the first portion of duodenum 
was adherent to the colonic tumor. The limited excision of the 
duodenum was practiced in 4/17 patients (23, 5%), followed by 
simple duodenorrhaphy in 2 patients, doudenojejunostomy in 
1 case and pedicled ileal patch in one case. Mean tumor size 

in all the patients who underwent resection surgery was 7.5 cm 
and ranged between 3 and 15 cm. In our ileal patch reconstruc‑
tion case, the ileal patch was prepared from the distal 8 cm of 
the terminal ileum. After mesenteric pedicle preparation, the 
ileum was cut on the antimesenteric border, trimmed dimen‑
sionally so that it fits the duodenal diameter and sutured in 
double layer to the lateral wall of the duodenum (Fig. 1).

Upon histopathological analysis, 6 specimens from the RH 
with DP series presented pancreatic and duodenal invasion, 
1 specimen presented pancreatic invasion alone, whereas in 
1 case inflammatory adhesions to the gland were encountered. 
Coloduodenal fistula was present in 4 cases.

Among the 4  cases with limited duodenal resection, 
3 patients presented invasion of the entire duodenal wall, 
including mucosa while the fourth patient had extrinsic 
invasion of the duodenal submucosa.

Meanwhile lymphatic node involvement was encountered 
in 50% of the entire study group.

The majority of the patients (9/10; 90%) from both the 
limited duodenal resection and DP series, that survived the 
postoperative period, received adjuvant chemotherapy.

The 5‑year survival rate in the RH with DP series could be 
calculated in cases that had surgery between 2004 and 2015 
(6  patients) and was  50%. Of the 3  patients with a lethal 
outcome, 2 patients died due to postoperative complications 
in the first 30 days; one of the patients died of pulmonary 
thromboembolism and the other one developed pancreatitis 
of the pancreatic stump and pneumonia. The third patient 
succumbed to local recurrence 12 months after surgery.

Postoperative morbidity was noted in 2 cases (25%). Both 
patients developed pancreatic leakage, successfully treated 
during postoperative recovery.

The 5‑year survival data for the 2 patients that underwent 
RH with DP between 2016 and 2020 is not yet available. Both 
are alive without evidence of local recurrence at 4 years and at 
31 months respectively after surgery.

In the limited duodenal resection series, the 5‑year survival 
rates are not yet available. However, no 30‑day mortality 
was observed. All patients are alive at 11  to  39  months 
postoperatively.

Of the 3 patients with palliative RH, only 1 patient survived 
more than 5 years. It was determined that he presented T3 
invasion with inflammatory adhesions to the duodenum on the 
histopathological analysis. Although he was submitted to chemo‑
therapy, he developed lung metastasis 2 years after the first 
intervention, which was successfully resected and liver metas‑
tasis 2 years after the second intervention, successfully resected 
as well. Among the cases submitted to palliative surgery (intes‑
tinal bypass) the maximum length of survival was 15 months.

Discussion

Colon cancer is one of the most frequent malignancies, with 
14,000 new cases being diagnosed annually in Romania (12). 
Locally advanced colon cancers invading the duodenum/
pancreas are a less common finding, with an incidence of 
11% (13). We investigated only patients with LARCC and found 
the prevalence of duodenum/pancreas involvement in 19%, 
being outweighed by perirenal fat invasion, in 29% of cases. 
The rarity of pancreatic/duodenal involvement is reflected in 
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the paucity of the reported case series in the literature (14). 
Furthermore, the medical literature may be deprived of studies 
because of the complexity of the operative technique for en 
bloc resection of the right colon in continuity with DP, which 
discourages the surgeons to make radical decisions (15) and 
the lack of popularity for limited duodenal resections, in cases 
of duodenal involvement alone.

Despite advances in preoperative screening and clinical 
imaging, adjacent organ involvement is often discovered 
during surgery (16). Some authors pointed out that palpable 
and immobile tumors are predictive for local invasion (3,14). 
In our study the most persistent symptom was anemia (77%), 
followed by abdominal pain, with tumor palpability being 
described only in one case. However, the results may be biased 
because of the tendency of modern surgeons to rely on imaging 
exams rather than clinical features. Preoperative imaging in 
our series was able to detect local duodenal/pancreatic inva‑
sion in 60% of the cases. If duodenocolic fistula is present, 
then barium enema is the best option for its detection, since 
increased colic pressure redirects bowel contents towards the 
duodenum (17). Of the 4 cases with duodenocolic fistula in 
our series, one was investigated by means of barium enema. 
The other 2 patients underwent endoscopy and in the last case 
fistula was detected intraoperatively.

Even if adherence between the colon and duodenum is 
easily assessed after mobilization of the colon, it is difficult 
for the surgeon to rule out whether adherence is of a malig‑
nant nature or due to inflammatory processes, since 40% of 
adhesions are a result of local inflammatory response (18). 
Adhesion dissection may lead to malignant dissemination (19) 
and is associated with recurrence rates of 90‑100% (20). Yet, 
in our study, histopathological exam showed malignant infil‑
tration of the adherent part to the duodenum/pancreas in the 
majority of cases (15/17; 88%). Dissection of adhesions in the 
setting of emergent RH was practiced in 3 patients, of which 
2 patients had R1 margins on histopathology.

Generally, in making a decision on what type of surgery 
to perform for patients with LARCC, one should remind 
oneself of Hippocrates's quote: ‘For extreme diseases, extreme 
remedies are most fitting’ (13).

Since patients undergoing digestive bypasses prove to have 
a median survival of 9 months  (21), this technique should 
be reserved to cases with malignant distal spread, with poor 
survival because of comorbidities or in cases with increased 
operative risk. In our study, 5 patients underwent digestive 
bypass; although, it was hard to determine retrospectively if any 
of these patients could have benefited from resective surgery.

Incomplete resection including organ separation is associ‑
ated with a mean patient survival time of 11 months (21). In 
our study, out of 3 cases with incomplete resection, 2 cases 
survived for 7 and 11 months, respectively, which confirms 
low survival in this group.

By contrast, patients who undergo en bloc multivisceral 
resection were found to exhibit a disease‑free survival 
rate of 56% at 1  to 5 years of follow‑up  (22). In addition, 
local invasion of adjacent organs is not a statistically more 
unfavorable prognostic factor than one to five lymph node 
metastases (3). However, lymph node involvement in LARCC 
has a supplementary negative impact on survival (23). In our 
series, 8/14 patients with en bloc resection had lymph node 
involvement, but no correlation was noted between lymph 
node involvement and the survival rate.

En bloc resection of the colon and pancreatic head was 
initially performed by Linton in 1941, as a 2‑stage procedure, 
preceded by digestive bypass for patient nutritional status 
improvement (24). A decade later, several authors modified it 
to a 1‑stage procedure (25,26). Yet, the first reports and studies 
did not confirm a favorable prognosis. It was only recently that 
RH with DP for LARCC began to regain attention, with 5‑year 
survival rates of 54% (4). The increase in the safeness of the 
procedure is due to parenteral nutrition possibilities in patients 
with preoperative bad health status and weight loss (27,28) and 
to improvements in the surgical technique (23). In our series, 
however, a 25% 30‑day postoperative mortality rate occurred, 
possibly due to the lack of careful selection of cases in the 
early RH with DP attempts.

Moreover, DP permits en bloc dissection of peripancreatic 
and perigastric lymph nodes (29), a fact that may have addi‑
tional benefits on survival. In our DP series, a 1‑year survival 
rate was achieved in 75% of the patients and a 5‑year survival 
in 50% of the patients.

If the duodenal sidewall is affected, with papilla of Vater 
free of invasion, a surgeon may take into consideration limited 
duodenal resection, especially in patients with high periopera‑
tive risks and comorbidities (15). No certain evidence exists that 
survival in regards to limited duodenal resections is worse than 
in DP, since randomized studies are absent and scientific data 
are limited to several case reports and case series (15,30‑33). 
Nonetheless, the procedure of limited duodenal resection has 
been described since 1963 (34).

When less than one‑third of the duodenal wall is excised, the 
easiest method of defect closure is simple duodenorrhaphy (5). 
In the current series, simple transverse closure was used in 
2 patients, with no postoperative complications noted. If taking 
into consideration the reported experience of the management 
of traumatic duodenal injuries, there is a certain risk of tension 

Table I. Secondary sites of invasiona.

Organ/tissue involved	 No. of patients (N=110)

Psoas muscle	 4
Stomach	 16
Gallbladder	 10
Abdominal wall	 27
RLL/ovary	 9
Liver	 5
Small bowel	 19
Perirenal fat	 32
Kidney	 4
Peritoneum	 9
Ureter	 2
Other parts of the colon	 5
Duodenum/pancreas	 22

aSome patients presented with more than one adjacent organ/structure 
invaded. RLL, right lombo‑ovarian ligament.
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development on the suture line and duodenal disruption even 
in small defects (35). Therefore, patch repair should always 

be considered. The usual duodenal defect repair is Roux‑en‑y 
duodenojejunostomy (9). Nonetheless, it has the disadvantages 

Table II. Clinical data and outcome of the patients who underwent resective surgery.

Age (years)/sex	 Surgerya	 Grade	 T stage	 Org. inv.b	 CDF	 N stage	 30DPOM	 Chemo.c	 Follow‑up	 Status

25/M	 DP	 G1	 4	 P	 No	 0	 No	 FOLFOX	 16 years	 NED
61/M	 DP	 G1	 4	 D+P	 Yes	 1	 Yes	 ‑	 ‑	 ‑
52/M	 DP	 G2	 4	 D+P	 Yes	 1	 No	 FOLFOX	 12 months	 DOD
62/M	 RH+G	 G2‑G3	 4	 D1	 No	 1	 No	 C	 15 years	 NED
71/M	 RH	 G1	 3	 No	 No	 0	 No	 XELOX	   9 years	 ROD
65/M	 DP+N	 G2	 4	 D+P+K	 No	 2	 Yes	 ‑	 ‑	 ‑
64/F	 PP‑DP+N	 G1‑G2	 4	 D+P+K	 Yes	 0	 No	 XELOX	   6 years	 NED
63//F	 DP	 G2	 3	 No	 No	 0	 No	 C	   6 years	 NED
65/M	 DP	 G2	 4	 D+P	 No	 1	 No	 FOLFOX	   4 years	 NED
75/M	 RH	 G2‑G3	 4	 D	 No	 0	 No	 XELOX	 11 months	 DOD
62/M	 D	 G1‑G2	 4	 D	 No	 2	 No	 XELOX	 39 months	 NED
69/M	 DP	 G2	 4	 D+P	 Yes	 1	 No	  OX	 31 months	 NED
76/F	 D	 G3	 4	 D	 No	 0	 No	 No	 24 months	 NED
74/F	 RH	 G3	 4	 P	 No	 1	 No	 No	   7 months	 DOD
66/M	 D	 G1	 4	 D	 No	 0	 No	 XELOX	 24 months	 NED
55/M	 D	 G2	 4	 D	 No	 2	 No	 XELOX	 11 months	 NED
52/M	 RH+G	 G1‑G2	 4	 D1	 No	 0	 No	 N/A	 N/A	 N/A

Sex: M,  male; F,  female. aType of surgery performed following right colectomy: DP,  duodenopancreatectomy; RH,  right hemicolectomy 
alone; G,  gastrectomy; PP‑DP,  pylorus preserving duodenopancreatectomy; D,  limited duodenal resection, N,  nephrectomy. bOrgan inva‑
sion: P, pancreas; D, duodenum; K, kidney; CDF, coloduodenal fistula. cChemotherapy: FOLFOX, leucovorine, oxaliplatin and fluorouracil; 
C,  capecitabine; OX,  oxaliplatin; XELOX, capecitabine plus oxailplatin. Status: NED, no evidence of disease; DOD,  dead of disease; 
ROD, recurrence of disease; 30DPOM, 30 days postoperative mortality; N/A, data not available.

Figure 1. (A) Colon tumor adherent to the duodenum: D2, second part of the duodenum; T, tumor; RC, right colon. (B) En bloc resection of the colon tumor with 
a patch of duodenal wall The broken line delineates the area of duodenal defect. (C) Pediculization of the ileal flap: IF, ileal flap; A, ascending portion of the 
ileum (D) Cutting of the antimesenteric border. The black line indicates the exact place where the flap was cut along its antimesenteric border. (E) Trimming 
the flap according to the duodenal defect diameters. (F) Ileal flap sutured to the duodenal defect: IF, ileal flap.
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of delivering bile and pancreatic juice more distally in the 
small intestine (36) and requires an additional anastomosis. 
The intestinal loop can be difficult to mobilize in cases of short 
mesentery (37). Finally, it can lead to internal hernias because 
of the formation of wide mesenteric defects (38).

Pedicled ileal grafting seems to be the perfect solution 
for large defects. First of all, no additional cutting of the 
digestive tract at other sites is needed. It does not create a 
nonanatomical bypass  (7,11) and can be retroperitonized 
without affecting the ileocolic anastomosis. Finally, the 
patch width is easily adaptable, avoiding the formation of 
duodenal stenosis or pouchitis (38). Data on the outcomes 
of en bloc limited duodenal resection are lacking, since a 
limited number of cases have been performed and reported. 
Based on the existing literature, Hamed et al estimated a 
3‑year survival rate of 70% after limited duodenal resec‑
tions, comparable to the 3‑year survival rate after DP (37). 
Our 4 patients with limited duodenal resection are all alive 
after 1 year.

Recent studies have shown that neither tumor diameter 
nor duodenocolic fistula presence (15) influence prognosis 
after en bloc resection. Of the 4 patients with duodenocolic 
fistula in our series, 2 are alive and disease‑free at 6 years and 
31 months, respectively.

In conclusion, en bloc resection in RSCC invading the 
duodenum/pancreas appears to control the disease in a consider‑
able number of patients. More studies are needed to ascertain 
which method accompanying RH, DP or limited duodenal 
resection, is preferable when duodenum alone is involved. When 
limited duodenal resection is chosen, the ileal pedicled flap tech‑
nique provides the most benefit to the duodenal defect closure.
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