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GENERAL INTRODUCTION AND  
OUTLINE OF THIS THESIS

Colorectal cancer (CRC) has a profound impact on public health. In 2018, 
over 1.8 million new cases of CRC were diagnosed worldwide with an 
estimated of almost 862,000 deaths.1 Its burden is expected to rise 70% to 
more than 3 million new cases and 1.5 million related deaths by 2040. This 
increase will be caused by rapidly transitioning countries, whose populace 
adopt a Western lifestyle and subsequently develop potential consequences 
including obesity, physical inactivity, high red meat consumption and 
smoking.2-3 At the same time, there is a declining trend of CRC incidence  
and mortality in more developed countries due to the adoption of formalized 
screening programs, removal of precancerous lesions and improvements  
in treatment.4

	 The current standard for clinical prediction of survival and recurrence in 
CRC is principally based on pathological staging per the 
Tumor-Node-Metastasis (TNM) classification, as defined by the American 
Joint Committee on Cancer (AJCC).5 This classification system focuses on 
depth of invasion of the bowel wall (T), extent of lymph node involvement 
(N), and presence of distant sites of disease (M). At an early stage, the esti-
mated 5-year survival is 90% or greater but this percentage decreases dra-
matically with more advanced disease.6 Consequently, treatment regimens 
vary by stage. Despite increasing interest in using innovative less invasive 
procedures for early stage CRC and significant improvements in systemic 
therapy for patients with metastatic disease, surgical therapy remains the 
gold standard for all stages in colorectal cancer.7-10

	 In addition to stage of disease, tumor location has an impact on treat-
ment management. Colorectal cancer is often considered one disease, 
though distinct differences exist between colon and rectal tumors including 
tumor biology, anatomy and epidemiology.11-12 Consequently, the recom-
mended therapy for primary colon and rectal cancer differ considerably. This 
difference is most apparent in stage II (lymph node negative) and stage III 
(lymph node positive) disease. Specific surgical resection (total mesorectal 
excision - TME) preceded by radiation or chemotherapy is the current stan-
dard of care for locally advanced rectal cancer.13-14 The role of postoperative 
treatment in rectal cancer to reduce local recurrence remains controversial if 
a high-quality TME can be assured and is therefore only advocated in pa-
tients with unexpected adverse histopathological outcomes.15 The treatment 
algorithm is different in colon cancer. While the efficacy of preoperative 
treatment is not elucidated yet, the prognostic impact of postoperative che-
motherapy is well established in stage III disease and suggested in high-risk 
cases with node-negative disease.16-18

OUTLINE OF THIS THESIS

The scope of this thesis will be to address issues related to the assessment 
and treatment of patients who have been diagnosed with and surgically treat-
ed for colon and rectal cancer. Issues related to differences between colon 
and rectal cancer (part I), problems encountered perioperatively (part II) and 
the prognostic impact of histopathological outcomes (part III) will be ad-
dressed separately. In the latter two sections, the focus will be solely on colon 
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cancer, due to aforementioned differences between colon and  
rectal cancer. 

PART I: COLORECTAL CANCER:
ONE DISEASE, TWO ENTITIES

A distinction between left and right sided colon cancer was first men-
tioned by Bufill et al. in the early ‘90s.19 Subsequent research elaborated 
on this topic and demonstrated differences in epidemiology, tumor biolo-
gy and behavior which consequently have led to modifications in treat-
ment patterns and a more targeted disease management in colon and rec-
tal cancer separately.7-10

	 Part I of this thesis discusses the importance of tumor location, spe-
cifically studying the effect of tumor location on different colonoscopy 
indications and investigating long-term outcomes in early stage as well as 
metastatic disease. 
	 Chapter 1 starts with the baseline presentation and evaluates the 
impact on clinical outcomes in patients diagnosed with CRC after differ-
ent indications for a colonoscopy. Screening for colorectal cancer in gen-
eral is recommended by the US Preventive Services Task Force (USPSTF), 
starting at an age of 50 years and continuing until age 75.20 Although rates 
of population screening increased over the last decade, about one-third of 
all eligible adults in the USA have never been screened for CRC.21-22 In this 
chapter, patients who underwent primary screening were compared to 
patients who got diagnosed after developing symptoms as well to patients 
who underwent surveillance. Additionally, differences in colon and rectal 
cancer were evaluated.
	 The overall 5-year survival rate for patients diagnosed with CRC be-
tween 2009 and 2015 was 66.2%.6 This rate is dependent upon many fac-
tors, of which stage of disease remains one of the most important in onco-
logical outcomes. In patients with localized disease which accounts for 
39% of all cases, the estimated 5-year survival reaches 90% after com-
plete tumor resection. Nonetheless, disease recurrence occurs in 10%.23-25 
A well-known risk factor for disease recurrence in stage I disease is meth-
od of resection, particularly in rectal cancer since a local excision has be-
come a more commonly used procedure. Other than that, however, not 
much is known about prognostic risk factors in stage I colon and rectal 
cancer. Chapter 2 attempts to further optimize prognosis by investigating 
the prognostic value of several pathologic risk factors in stage I colon and 
rectal cancer separately.
	 On the opposite side of the spectrum, approximately 22% of all new-
ly diagnosed colon cancer patients and 18% of all rectal cancer patients 
present with synchronous distant metastasis, with a dismal 5-year survival 
14%.6 In patients with advanced disease, the ultimate intent is prolonging 
overall survival without sacrificing quality of life. Chapter 3 focuses on 
clinicopathological risk factors for worse short-term outcomes and im-
paired survival. As in the previous chapters, outcomes were determined 
by tumor location.

PART II: SURGICAL PROCEDURES AND 
OUTCOMES IN COLON CANCER

Despite improvements in systemic therapy, surgery remains the mainstay 
for malignant CRC tumors. The second part of this thesis puts the empha-
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sis on issues or difficulties occurring during colon cancer surgery.
	 Aside from dividing CRC into colon and rectal cancer, the colon itself 
can also be separated into different sections. The proximal colon compris-
es the ascending (extending upward on the right side) and transverse co-
lon (situated horizontal from right to left), whereas the distal part covers 
the descending (left side) and sigmoid colon (final part, joining the rec-
tum) [Figure]. The optimal surgical approach for cancer in the transverse 
colon is not standardized and depends on several factors including ana-
tomical factors but to a great extent on surgeons’ preference. A clear pau-
city of literature exists on the outcome of less extensive procedures for 
tumors in the transverse colon compared to the mostly used extended 
colectomies. Chapter 4 compares surgical and oncologic outcomes in 
patients undergoing a transverse colectomy compared to an extended 
approach for mid-transverse colon cancer. 

After the first report of laparoscopic colectomy in 1991 26 this minimally 
invasive approach has developed from a highly complex procedure with 
uncertainty regarding feasibility and oncologic safety to being incorporat-
ed in routine daily practice for abdominal surgery.27-30 The need to convert 
an initially intended laparoscopic approach to open surgery is associated 
with numerous factors, including patient and tumor-related factors (obesi-
ty, advanced stage of disease) as well as procedure-related factors 
(perioperative complication, (anticipated) operative difficulty, and surgeon 
experience). A higher rate of postoperative morbidity has been associated 
with conversion 31-33, though previous literature compared the outcomes of 
converted patients to patients who underwent a successfully completed 
laparoscopy. Chapter 5 aims to find a true answer concerning the ques-
tion whether conversion should be considered a complication rather than 
a simple change in technique by comparing outcomes between planned 
open surgery to converted patients.
	 As complete tumor resection is mandatory to achieve the optimal 
oncological outcome after surgery, a local multivisceral resection (LMR)  
is required when tumors invade adjacent organs (classified as pathologic 
stage T4 tumors).34-35 Despite increased survival rates after LMR, the vast 
majority of patients with this stage of disease do not receive an extended 
surgery.36 This may be explained by the expected morbidity resulting in 
reluctance of the surgeon or difficulty to make a true discernment be-

© 2014 WebMD, LLC. All rights reserved.
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tween oncological invasion and inflammatory adhesions. Chapter 6 
explores the impact of a multivisceral resection on morbidity, disease 
recurrence, and survival rates and attempts to find an answer of the 
infrequently performed LMR for locally advanced colon cancer.

PART III: HISTOPATHOLOGICAL FEATURES AND 
OUTCOMES IN COLON CANCER

Although the TNM classification is considered the most important factor 
in predicting oncological outcomes in colon cancer, it appears that it is 
not the optimal staging tool for clinicians.37 In 2009, the seventh edition of 
TNM staging was published 5, though this version did not provide greater 
accuracy in predicting prognosis in patients with colon and rectal cancer. 
The result of the update is predominantly a more complex classification 
which allows a physician’s own interpretation. The most relevant issue is 
the possibility of over- and undertreatment when only using TNM staging 
for treatment allocation.38-39 In an attempt to further optimize manage-
ment of colon cancer, several clinical and histopathological outcomes 
have been identified as high-risk features that might help a clinician in the 
consideration as to whether or not to administer adjuvant chemotherapy 
in node-negative disease. TNM staging particularly falls short in this area 
and the role of adjuvant treatment in an early stage remains debatable. In 
order to expand on previously suggested risk features, the last part of this 
thesis focuses on the prognostic importance of additional histopathologic 
features on surgical outcomes. 
	 Chapter 7 starts by exploring the impact of specific tumor location in 
colon cancer. While a distinction between colon and rectal cancer is well 
established, previous studies investigating prognostic disparities between 
different tumor locations in colon cancer are not consistent. The first 
chapter of the last section in this thesis focuses on this specific topic. 
	 Vascular invasion, defined as the presence of tumor cells in large 
vessels within or beyond the muscularis propria, is one of the acknowl-
edged pathologic factors which could play a role in deciding upon adju-
vant therapy.40-41 Unfortunately, this recommendation is mainly based on 
results from cohorts comprising both colon and rectal cancer patients. 
Vascular invasion, in particular extramural localized, has been well scruti-
nized in rectal cancer 42-44 though far less so in tumors of the colon. Chap-
ter 8 assesses whether the presence of large vessel invasion is a true prog-
nostic factor in colon cancer only. 
	 Similarly, perineural invasion (PNI), defined as the presence of cancer 
cells inside the perineurium of any nerve, could be another factor consid-
ered following current guidelines. However, this recommendation is also 
based on studies combining both colon and rectal cancer patients 45-46, 
notwithstanding the fact that it is to be expected that the detection rate 
of PNI would be higher in rectal cancer due to the anatomy and a more 
extensive examination of the mesorectal fat. Chapter 9 evaluates both the 
prognostic and the predictive value of PNI in colon cancer. 
	 This thesis will be concluded by summarizing our findings and dis-
cussing future perspectives. 
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ABSTRACT

BACKGROUND
The incidence and mortality rates of colorectal cancer (CRC) have been 
steadily decreasing, largely attributable to screening colonoscopies that 
either remove precancerous lesions or identify CRC earlier. We aimed to 
assess the prognostic difference between colorectal cancers diagnosed 
by screening (SC), diagnostic (DC), or surveillance (SU) colonoscopies. 

METHODS
All 1809 surgically treated patients with primary CRC diagnosed through 
colonoscopy at our tertiary center (2004-2015) were extracted from a 
prospectively maintained database. Oncologic outcomes were compared, 
including multivariate Cox regression.

RESULTS
DC patients presented with more advanced disease (15.0% vs. 53.2% 
(SC) and 55.3% (SU) AJCC I, P<0.001), subsequently leading to impaired 
survival and higher recurrence rates (P<0.001). After adjustment for age, 
ASA-score and gender, oncologic outcomes remained significantly worse 
after DC. Hazard ratios (HR) of overall mortality (OS) compared to DC 
were 0.36 for SC and 0.58 for SU (P<0.001). Adjusted HRs of disease-free 
survival (DFS) were 0.43 and 0.32, respectively (P<0.001). Worse out-
comes in OS withstood adjustment for stage, tumor site and (neo)adjuvant 
treatment (SC: HR 0.46, P<0.001; SU: HR 0.73, P=0.036). The benefits of 
SC were particularly seen in colon cancer, stages I-II and female patients. 
With regards to DFS, outcomes were less profound and mainly true in 
early stage disease and surveillance patients. 

CONCLUSIONS
This study demonstrates the enormous impact of asymptomatic screening 
in CRC. Patients with CRC diagnosed through screening or surveillance 
had a significantly better prognosis compared to patients who presented 
symptomatically. This emphasizes the importance of screening.
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INTRODUCTION

Strong evidence exists that screening for colorectal cancer (CRC) reduc-
es the incidence and mortality of this disease. 1-2 This benefit is mainly 
attributed to the identification and removal of precancerous lesions and 
earlier detection of CRC. When colorectal cancer is identified at an early 
stage, 5-year survival rates are 90% or greater but this percentage de-
creases dramatically with more advanced disease. 3 In line with the proven 
reduction of CRC incidence and mortality with screening, The US Preven-
tive Services Task Force (USPSTF) recommends screening for colorectal 
cancer starting at age 50 years and continuing until age 75. 4 Moreover, the 
American Cancer Society (ACS) just changed their guidelines and now rec-
ommends regular screening beginning at 45 years. 5 The decision to screen 
adults older than 75 years should be made individually, taking into account 
the patient’s overall health, life expectancy, patient preference, and prior 
screening history. A range of test modalities are available as a screening 
method, including annual fecal occult blood testing (FOBT), a sigmoid-
oscopy or CT colonography every five years, or a colonoscopy every ten 
years. Although no randomized controlled trials have quantified the effica-
cy of colonoscopy, this procedure is nonetheless the preferred screening 
method 6 and the most common screening method in the United States. 7

	 While CRC screening programs in Europe and Australia are based 
on an organized system-wide approach, screening programs in the United 
States have been established on an opportunistic basis. Although rates 
of screening increased over the last decade, about one-third of all eligi-
ble adults in the USA have never been screened for colorectal cancer. 8-9 
Previous studies demonstrated that people without insurance or a regular 
care provider were at risk for non-screening. 6 However, among those who 
had never been screened, more than 75% had health insurance insinuating 
that actively reaching out to patients is necessary and presumably will 
increase the number of screened patients. 10

	 Despite the widely accepted advantage of screening colonoscopies, 
only a few studies investigated the impact of indication on the clinical out-
comes of endoscopy. Previous studies, including a previous report from 
our institute 11, often excluded or did not distinguish between patients with 
an increased risk of CRC, including those presenting with symptoms, a 
positive FOBT test, a positive family history of CRC, or a personal history 
of adenomas, CRC, or inflammatory bowel disease (IBD). It is to be ex-
pected that symptomatic patients will have less favorable outcomes com-
pared to average-risk asymptomatic screening colonoscopies. However, it 
is unknown to what extent a colonoscopy is beneficial in high-risk patients 
and how outcomes in symptomatic patients differ from patients who are 
undergoing surveillance. Furthermore, data on long-term outcomes are 
scarce and might help in emphasizing the importance of screening instead 
of waiting until symptoms develop. Therefore, the aim of our study was to 
investigate whether oncologic outcomes differed based on indication of 
colonoscopy, including primary screening, follow-up after positive FOBT 
results or other symptoms, and surveillance. 
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MATERIALS AND METHODS

STUDY DESIGN AND PATIENTS
This retrospective cohort includes all patients who underwent surgery 
for colorectal cancer between January 1, 2004 and December 31, 2015 at 
Massachusetts General Hospital, a tertiary referral hospital. All patients 
included in this review were diagnosed with CRC through colonoscopy. 
The study was approved by the Institutional Review Board. 
	 We subdivided the study cohort into three groups: screening (SC), 
diagnostic (DC), and surveillance (SU). The indication for colonoscopy 
were grouped according to the American Society for Gastrointestinal En-
doscopy 12 and the European Panel for the Appropriateness of Gastrointes-
tinal Endoscopy 13 guidelines. The first group included all asymptomatic, 
average-risk patients who never had a prior colonoscopy. Patients in the 
second cohort also did not have a prior colonoscopy but reported symp-
toms associated with CRC. Symptoms included: hematochezia (on more 
than one occasion), occult bleeding (non-visible bleeding detected by 
fecal occult blood testing (FOBT)), unexplained anemia (absence of hema-
tochezia or positive FOBT), changes in stool habit, lower abdominal pain 
(without known IBD), unintentional weight loss (>10% of baseline weight), 
or evaluation of an abnormality seen on barium enema or other imaging. 
The latter group included all patients with either a personal history of 
adenomas, IBD or a positive family history. Patients who should undergo 
surveillance but presented earlier because of symptoms were excluded 
(n=24). Moreover, to define the impact of colonoscopy indication on on-
cologic outcomes, all patients who were lost to follow-up were excluded 
(n=112) (Figure 1). 

FIGURE 1. Flowchart of patient selection

Patient demographics, pathologic tumor location and stage, and long-
term outcomes were prospectively obtained for each patient. Tumor stage 
was categorized according to the seventh edition of the American Joint 
Committee on Cancer (AJCC). 14 Patients were followed up from the colo-
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noscopy examination until death or study end (April 30, 2018), whichever 
came first. According to the National Comprehensive Cancer Network 
(NCCN) guidelines, routine post-operative follow-up was completed for 
all patients. Regardless of the tumor stage, all patients received a colonos-
copy within 1 year after surgery followed by 3-year and later 5-year inter-
vals if the first colonoscopy after surgery was without pathologic findings. 
In cases an advanced adenoma was detected, colonoscopy within 1 year 
was recommended. In addition to endoscopic surveillance, all patients 
with stage II or higher underwent monitoring through a carcinoembryonic 
antigen (CEA) and computed tomography (CT)-scans. 15-17 Data on long-
term outcomes were updated periodically by reviewing patient’s records 
and the Massachusetts General Hospital cancer registry. In case this in-
formation was not recently updated, the Social Security Death Index was 
used for survival data.

STATISTICAL ANALYSIS
Descriptive data are presented as the mean with standard deviation (±SD) 
or the median and interquartile range (IQR), according to the distribution, 
and were analyzed using the Kruskal-Wallis test. Categorical variables are 
presented as the percentages of patients compared by the Chi-square 
(χ2) test. While survival rates were analyzed for all patients, disease recur-
rence was evaluated in AJCC I-III only. Bonferroni correction was applied 
to correct for multiple testing of the three colonoscopy indications. Post-
hoc analyses using a Dunn’s test was performed after a Kruskal-Wallis 
test was rejected. Survival distribution was estimated according to the 
Kaplan-Meier method, using a log-rank test. A multivariate Cox regres-
sion analysis was performed to identify predictive factors for poor overall 
(OS) and disease-free survival (DFS). The first adjustment was performed 
with patient characteristics only, including patient’s age, gender, and ASA-
score. The second analysis included additionally AJCC-substage, tumor 
site, and (neo)adjuvant treatment. The results are reported as hazard ratios 
(HR) with a 95% confidence interval (CI). All tests were two-sided and a 
P-value of 0.05 or less indicated statistical significance. Statistical analyses 
were carried out using SPSS (Version 24.0; SPSS Inc, Chicago, IL, USA).

RESULTS

A total of 1945 patients were surgically treated between 2004 and 2015 
for colorectal cancer, after being diagnosed through colonoscopy. Of all 
surveillance patients, 24 presented with symptoms and were therefore 
excluded from further analysis. Follow-up was incomplete in 112 patients. 
Reasons for loss of follow-up were inability to contact the patient (n=67), 
follow-up elsewhere after first postoperative consult (n=39), and follow-up 
refusal (n=6). The remaining 1809 patients were included in the study. 
Table 1 demonstrates the distribution of colonoscopy indication. Of all 
patients, 235 (13.0%) were diagnosed with CRC through screening, 1386 
(76.6%) underwent a diagnostic colonoscopy, and surveillance was done 
in 188 (7.4%) of the study cohort. Hematochezia was the most common 
symptom (40.4% of all DC), followed by abdominal pain (22.0%), and un-
explained anemia (19.2%). The vast majority of the SU group was referred 
because of a history of adenomas (79.3%). 
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TABLE 1. Distribution of indication of colonoscopy

  No. (%)
N=1809

Screening 235 (13.0)

Symptoms 1386 (76.6)

	 Hematochezia 560 (30.6)

	 Positive FOBT 243 (13.4)

	 Unexplained anemia 269 (14.9)

	 Changes in stool habit 245 (13.5)

	 Abdominal pain 305 (16.9)

	 Unintended weight loss 29 (1.6)

	 Suspect barium enema or other imaging 54 (3.0)

Surveillance 188 (10.4)

	 History of adenoma 149  (8.2)

	 Positive family history 18 (1.1)

	 IBD 21 (1.2)

Abbreviations: FOBT: fecal occult blood testing; IBD: inflammatory bowel disease
All values are expressed as number (%)

BASELINE CHARACTERISTICS
The main characteristics of the study groups are demonstrated in table 
2. Age was significantly different between the groups, with the youngest 
patients in the screening group (median 59.4 years) and the oldest in the 
surveillance group (median 70.4 years). With regards to gender, female 
patients presented more often with symptoms (79.5% vs. 74.1%, P=0.018) 
while more male patients underwent asymptomatic surveillance (8.6% vs. 
12.0%, P=0.048). In addition, screening patients had less comorbidities 
and a higher BMI than symptomatic patients (P<0.001). A difference in 
colonoscopy indication was also found with regards to tumor site; while 
screening and surveillance accounted for almost one-third of all colon 
patients, diagnostic colonoscopy was strongly correlated with rectal 
cancer (89.2% vs. 71.4%, P<0.001). 

Symptomatic patients had significantly less favorable Tumor Node Me-
tastasis (TNM)-staging, including more T3-T4 tumors, nodal disease, and 
distant metastasis (all P<0.001). No differences were found between SC 
and SU. Figure 2 demonstrates the distribution of AJCC-staging in the 
complete study cohort, and for gender and tumor site separately. Overall, 
SC and SU were associated with stage I disease (P<0.001), whereas DC 
was associated with stage II or higher. The same pattern was seen when 
analyzing gender and tumor site separately. However, after Bonferroni 
correction, no significant difference was seen between DC and SU in 
stage II rectal cancer and male patients, and stage III colon cancer and 
female patients. Interestingly, none of the surveillance patients who got 
diagnosed with rectal cancer had nodal or metastatic disease. 
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TABLE 2. Baseline characteristics and long-term outcomes

 
n = 1809

SCREENING
235 (13.0%)

SYMPTOMS
1386 (76.6%)

SURVEILLANCE
188 (10.4%)

P-VALUE

Age 59.4 (52.6-66.0) 65.3 (52.6-77.4) 70.4 (61.1-78.0) <0.001 α β γ

Gender1 0.016

	 Female 102 (43.4) 678 (48.9) 73 (38.8)

	 Male 133 (56.6) 708 (51.1) 115 (61.2)

Caucasian 205 (87.2) 1177 (84.9) 170 (90.4) 0.159

ASA-score 2 (2-2) 2 (2-3) 2 (2-3) <0.001 α β

BMI 28.6 (24.9-32.2) 26.2 (23.1-30.2) 27.1 (24.6-30.7) <0.001 α γ

Tumor location2 <0.001

	 Colon 187 (79.6) 913 (65.9) 179 (95.2)

	 Rectum 48 (20.4) 473 (34.1) 9 (4.8)

TNM-staging

	 T-stage <0.001 α γ

	 T1 106 (45.1) 117 (8.4) 74 (39.4)

	 T2 41 (17.4) 152 (11.0) 43 (22.9)

	 T3 74 (31.5) 823 (59.4) 53 (28.2)

	 T4 14 (6.0) 192 (21.2) 18 (9.6)

	 N-stage <0.001 α γ

	 N0 162 (68.9) 637 (46.0) 141 (75.0)

	 N1 57 (24.3) 487 (35.1) 38 (20.2)

	 N2 16 (6.8) 262 (18.9) 9 (4.8)

	 M-stage <0.001 α γ

	 M0 220 (93.6) 1149 (82.9) 183 (97.3)

	 M1 15 (6.4) 237 (17.1) 5 (2.7)

Tumor size	 2.5 (0.0-5.0) 4.5 (2.9-7.5) 2.6 (1.2-4.5) <0.001 α γ

Neoadjuvant therapy 24 (10.2) 405 (29.2) 3 (1.6) <0.001 α β γ

Follow-up duration, months 59.7 (34.7-95.5) 40.4 (22.5-68.5) 49.8 (31.1-83.5) <0.001 α γ

Disease recurrence3 20 (9.1) 205 (17.8) 12 (6.6) <0.001 α γ

	 Local 4 (1.8) 52 (4.5) 1 (0.5) 0.008 γ

	 Locoregional 7 (3.2) 101 (8.8) 8 (4.4) 0.004 α

	 Distant 18 (8.2) 186 (16.2) 12 (6.6) <0.001 α γ

Disease-free survival 64.0 (37.0-111.5) 41.9 (21.4-72.3) 51.6 (34.7-86.0) <0.001 α γ

Deceased 37 (15.7) 544 (39.2) 53 (28.2) <0.001 α β γ

Colorectal cancer mortality 22 (9.4) 287 (20.7) 14 (7.4) <0.001 α γ

Overall survival, months 64.7 (38.0-111.3) 45.1 (26.8-72.6) 53.2 (35.2-86.5) <0.001 α γ

Adjuvant therapy 85 (36.2) 718 (51.8) 47 (25.0) <0.001 α β γ

1. Percentages tumor location overall / within specific site
2. Percentages gender overall / within gender
3. Disease recurrence analysis: AJCC I-III only
Proportions are presented for categorical data, median with IQR for continuous data. 
α Screening versus Symptoms P<0.05 ; β Screening versus Surveillance P<0.05 ; γ Symptoms versus Surveillance P<0.05



26 FIGURE 2. The distribution of AJCC-staging in all patients, and for gender and tumor site separately
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LONG-TERM OUTCOMES
Median follow-up duration was 44.9 months (IQR 25.6 – 73.2 months), and 
significantly longer in SC and SU patients (P<0.001). Along with less favor-
able pathologic outcomes, DC was associated with poor prognostic out-
comes. Mortality rates, both overall and colorectal cancer specific, were 
higher in the DC group compared to both SC and SU (P<0.001). With re-
gards to differences between SC and SU; only overall survival rates were 
significantly higher in the latter group (SC: 15.7% vs. SU: 28.2%, P=0.006) 
while colorectal cancer mortality rates were similar (SC: 9.4% vs. SU: 7.4%, 
P=0.483). To analyze difference in disease recurrence, we included only 
patients with AJCC I-III stage (n=1552). In line with survival outcomes, 
disease recurrence occurred significantly more often in symptomatic pa-
tients (P<0.001), with no differences between screening and surveillance. 
Kaplan Meier curves underscored the detrimental impact on long-term 
outcomes in symptomatic patients (Figure 3), in particular in the first 
years of follow-up. 

FIGURE 3. Kaplan-Meier curves for overall survival (A), colorectal cancer specific survival (B) and disease-
free survival (C)

A - Overall survival B - CRC-speciÞc survival C - disease-free survival
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MULTIVARIATE ANALYSIS
To assess the actual impact of colonoscopy indication on long-term out-
comes, we conducted multivariate analyses adjusted for various covari-
ables. We included age, gender, and ASA-score in the first model, and 
additionally tumor site, AJCC-substage, and (neo)adjuvant treatment in 
the second model. Figure 4 demonstrates the survival curves after ad-
justment. Worse outcomes in overall, disease-specific, and disease-free 
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survival after DC remained significant in the first model (all P<0.001). After 
additional adjustment for stage, tumor site and (neo)adjuvant treatment, 
screening patients had a 54% overall mortality reduction (P<0.001). Al-
though colorectal cancer specific mortality was reduced by 35%, this was 
not significant compared to symptomatic patients (P=0.053). Similarly 
decreased mortality rates were observed in the surveillance group (HR: 
0.73, HR: 0.57, respectively). Furthermore, while screening patients had an 
enhanced overall survival compared to SU (HR: 0.63, 95% CI: 0.42 – 0.97, 
P=0.035), rates of colorectal cancer specific survival were similar (HR: 
1.13, 95% CI: 0.58 – 2.22, P=0.713). Disease-free survival was significantly 
worse after DC in the first model (P<0.001) and remained worse compared 
to surveillance patients (HR: 0.51, 95% CI: 0.28 – 0.91 P=0.024), though the 
impact was less evident compared to SC in the second model (HR: 0.69, 
95% CI: 0.43 – 1.10, P=0.121). 

FIGURE 4. Multivariate Cox proportional Hazard model curves
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DC Reference


SC 0.36 (0.26-0.50) <0.001

SU 0.58 (0.43-0.76) <0.001

SC vs. SU 0.52 (0.41-0.95) 0.028

DC Reference


SC 0.36 (0.23-0.55) <0.001

SU 0.32 (0.19-0.55) <0.001

SC vs. SU 1.12 (0.57-2.20) 0.734

DC Reference


SC 0.43 (0.27-0.68) <0.001

SU 0.32 (0.18-0.57) <0.001

SC vs. SU 1.35 (0.66-2.75) 0.417

DC Reference


SC 0.46 (0.33-0.65) <0.001

SU 0.73 (0.55-0.98) 0.036

SC vs. SU 0.63 (0.42-0.97) 0.035

DC Reference


SC 0.65 (0.42-1.01) 0.053

SU 0.57 (0.33-0.99) 0.045

SC vs. SU 1.13 (0.58-2.22) 0.713

DC Reference


SC 0.69 (0.43-1.10) 0.121

SU 0.51 (0.28-0.91) 0.024

SC vs. SU 1.37 (0.67-2.80) 0.393

Table 3 demonstrates subgroup specific overall mortality analysis. Re-
duced overall survival after a screening colonoscopy remained true in all 
stages but was more profound in early stage disease (AJCC I-II: HR:0.42, 
95% CI: 0.25 – 0.72, P=0.002). Compared to SU, outcomes were only 
slightly better in the stage-for-stage analysis. Tumor site, on the other 
hand, was very important. Favorable outcomes after screening colonosco-
py were strongly related to colon cancer, compared to both symptomatic 
patients (HR: 0.46, 95% CI: 0.32 – 0.68, P<0.001) and surveillance (HR: 
0.60, 95% CI: 0.38 – 0.95, P=0.028). With regards to gender, screening 
patients had over 50% mortality reduction compared to DC. However, 
female screening patients did significantly better than female surveillance 
patients (HR: 0.48, 95% CI: 0.24 – 0.96, P=0.039), whereas outcomes were 
comparable in men (HR: 0.74, 95% CI: 0.43 – 1.26, P=0.261). On the other 
hand, male surveillance patients did better than symptomatic male pa-
tients (HR: 0.64, 95% CI: 0.45 – 0.93, P=0.019), while outcomes were simi-
lar in the female cohort (HR: 0.95, 95% CI: 0.58 – 1.56, P=0.835). 
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With the exception of stage I-II, the impact of colonoscopy indication was 
less evident in the subgroup disease-free survival analysis (Table 4). In 
this early stage of colorectal cancer, screening and surveillance patients 
had a significant reduction compared to symptomatic patients (HR: 0.26, 
95% CI: 0.08 – 0.84, P=0.025 ; HR: 0.29, 95% CI: 0.09 – 0.93, P=0.037). 
No differences were found in stage III disease, nor in the comparison 
between screening and surveillance. Outcomes were worse after DC in 
colon cancer, though only significant compared to SU in the second ad-
justment model (HR: 0.54, 95% CI: 0.30 – 0.98, P=0.041). The reduction in 
disease-free survival was more prominent in female than men, with a 52% 
reduction in the female screening cohort and only 16% in the male screen-
ing cohort (P=0.080, P=0.542, respectively).

DISCUSSION

The benefits of screening for colorectal cancer have been clearly estab-
lished. This is mainly attributed to the detection and subsequent removal 
of adenomatous polyps and other precancerous lesions, as well as the 
detection of CRC in an early stage. Accumulative evidence has led to na-
tional screening recommendations, which have been established on an 
opportunistic basis in the United States since 2002. 18 Several options for 
CRC screening are available, including stool-based tests and visual exam-
ination. In the United States, the use of stool-based testing is decreasing 
while colonoscopy is the predominate method. And although no out-
comes of randomized controlled trials are available, large observational 
cohort studies have proved the efficacy of a colonoscopy. 19-20  
	 In this large cohort of patients with CRC detected through colo-
noscopy, patients whose cancer was detected after symptomatic pre-
sentation had significantly reduced survival compared to asymptomatic 
average- and high-risk patients. This difference was partly explained by 
the less favorable stage distribution in symptomatic patients which was 
expected and underscores once more the importance of a screening 
colonoscopy in terms of early detection of CRC. The larger tumor size 
and likeliness of locally advanced tumors was anticipated in symptomatic 
patients, subsequently leading to more nodal disease and distant metas-
tasis. However, the extent of stage distribution was strongly significant. 
Symptomatic patients were more than twice as likely to present with pos-
itive lymph-nodes, had an almost 3-fold higher risk of distant metastasis 
compared to SC and more than 6-fold higher risk of metastatic disease 
than SU. Despite the fact that symptomatic patients presented far more 
often with advanced disease, oncologic outcomes remained worse after 
adjustment for patient characteristics, stage and (neo)adjuvant treatment. 
This was particularly true in colon cancer and early stage disease (AJCC 
I-II). A delayed diagnosis in colon cancer might be explained by the late 
onset of recognized symptoms since colon cancer symptoms are rather 
nonspecific including fatigue, change in stool habit, and abdominal pain 
compared to more profound symptoms usually seen in rectal cancer, with 
rectal bleeding as the most common. The reason why symptomatic stage 
I-II patients did worse than asymptomatic stage I-II patients in terms of 
compromised overall survival and disease-free survival is not clearly eluci-
dated in our study. A possible explanation could be the difference in histo-
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pathologic risk-factors, with higher rates of extramural vascular invasion, 
lymphatic invasion, perineural invasion and high-grade tumors (including 
poorly differentiated adenocarcinomas, mucinous and signet-cell carci-
nomas) in the symptomatic cohort. However, this was predominantly true 
compared to the screening group and not significant compared to the 
surveillance group (Table S1). 
	 Our results expand on previous research from various countries with 
different screening programs. The detrimental outcomes for symptom-
atic patients are consistent with findings in prior studies. 11, 21-23 However, 
despite the significant difference in stage of disease, only a few studies 
addressed the long-term outcomes by stage and (neo)adjuvant treat-
ment. Amri et al reported the prognostic advantage of screen-detection 
compared to nonscreen-detection in colon cancer, regardless of stage. 11 
Moreover, Brenner et al found significant better outcomes in patients who 
were diagnosed through screening or positive FOBT. 23 To our knowledge, 
the present study is the only study to date investigated both colon and 
rectal cancer and additionally distinguishes between screening and sur-
veillance patients. When comparing this high-risk asymptomatic group to 
the average-risk symptomatic cohort, the impact of symptoms was even 
more evident. This was underlined by a persisting higher risk reduction 
of colorectal cancer specific survival in surveillance patients, even higher 
than the risk reduction in the screening group. Furthermore, disease-free 
survival was significantly better in the surveillance group with a trend 
toward better outcomes compared to the screening group. A reasonable 
explanation could be the better compliance to follow-up colonoscopy, 
though this could unfortunately not be assessed with our data.  
	 Despite the advantage and the steadily improving compliance to 
screening, only one-third of eligible adults in the United States have had 
a CRC screening. Screening rates vary by ethnicity (lower rates among 
Hispanics), insurance (only 25.1% of uninsured adults report recent CRC 
screening versus 65.6% of insured adults), education, and age (45.3% 
of adults age 50-54 versus 71.8% of adults age 65-75). 24 The latter is in 
particular important now that the recommendations from the ACS are 
changed and regular screening is advised from 45 years instead of the 
previous 50 years of age. 5 The lower rate of CRC screening in younger 
eligible patients underscores the effort that will be needed to reach ap-
propriate adherence in the 45-50 year population. To further decrease 
both incidence and mortality rates of CRC, optimizing adherence to CRC 
screening is essential. This will require a multifaceted approach tailored to 
patient, physician, and policy levels. A recent systematic review demon-
strated the tremendous effect of clinical recommendation on screening 
adherence. 25 In addition, outreach strategies could account for a 10-20% 
increase in adherence rates. 10,26-27 Our study stresses the importance of 
screening before symptoms develop. More awareness of the consequenc-
es of a delayed diagnosis will hopefully enhance adherence and further 
reduce the burden associated with colorectal cancer. 
	 Despite the strengths of our study, a number of limitations were 
present. Our study was performed in a single center, highly specialized 
institution. Therefore, the number of symptomatic and complicated cases 
referred might be higher compared to other centers. This may have affect-
ed the generalizability of the outcomes and worsened the survival rates 
of symptomatic or complicated cases by some extent. Because the inci-
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dence of 30-day mortality was low in all cohorts (<1.5%), we do not expect 
that this had had a major effect on long-term outcomes. One of the major 
strengths of this study was the additional comparison to surveillance pa-
tients and the addition of subgroup specific analyses. Unfortunately, the 
proportion of events was not equally distributed in all subgroups with rel-
atively wide confidence intervals in some areas. This was especially true in 
the rectal cohort. Therefore, we were not able to adjust for other potential 
covariables, including histopathologic features. 
	 Patients, physicians and policy makers should be aware of the 
tremendous impact of asymptomatic screening for colorectal cancer. 
Regardless of the estimated risk based on personal and family history, 
symptomatic patients present with significantly less favorable pathologic 
outcomes leading to impaired survival. The detrimental impact of symp-
tomatic colonoscopy remained true after adjustment for patient charac-
teristics, stage, and (neo)adjuvant treatment. This stresses the importance 
of screening colonoscopy before symptoms develop. To improve the ad-
herence to screening, certainly after the altered recommended screening 
age of 45 years, several steps on patient, physician, and policy levels have 
to be taken. More awareness of the consequences of a delayed diagnosis, 
along with informative communication between the caregiver and patient, 
and the expansion of screening coverage is expected to enhance adher-
ence and further reduce the CRC burden. 
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SUPPLEMENT

TABLE S1. Histopathologic features

 
All patients, n = 1809

SCREENING
235 (13.0%)

SYMPTOMS
1386 (76.6%)

SURVEILLANCE
188 (10.4%)

P-VALUE

T4 tumors 14 (6.0) 294 (21.2) 18 (9.6) <0.001 α γ

Extramural vascular invasion 37 (15.7) 419 (30.2) 28 (14.9) <0.001 α γ 

Lymphatic invasion 45 (19.1) 482 (34.8) 47 (25.0) <0.001 α γ

Perineural invasion 22 (9.4) 333 (24.1) 25 (13.4) <0.001 α γ

High Grade

 
Stage I-II, n = 894

SCREENING
159 (17.8%)

SYMPTOMS
596 (66.7%)

SURVEILLANCE
139 (15.5%)

P-VALUE

T4 tumors 3 (1.9) 71 (11.9) 5 (3.6) <0.001 α γ

Extramural vascular invasion 10 (6.3) 79 (13.3) 4 (2.9) <0.001 α γ

Lymphatic invasion 12 (7.5) 105 (17.6) 20 (14.4) 0.007 α

Perineural invasion 4 (2.5) 63 (10.6) 8 (5.8) 0.002 α

High Grade 7 (4.5) 80 (13.6) 14 (10.2) 0.006 α

 
Stage III, n = 658

SCREENING
61 (9.3%)

SYMPTOMS
553 (84.0%)

SURVEILLANCE
44 (6.7%)

P-VALUE

T4 tumors 7 (11.5) 102 (18.4) 12 (27.3) 0.112

Extramural vascular invasion 19 (31.1) 194 (35.1) 21 (47.7) 0.181

Lymphatic invasion 27 (44.3) 237 (42.9) 24 (54.5) 0.322

Perineural invasion 14 (23.3) 158 (28.6) 15 (34.1) 0.481

High Grade 16 (26.2) 110 (20.1) 13 (31.0) 0.163

 
Stage IV, n = 257

SCREENING
15 (5.8%)

SYMPTOMS
237 (92.2%)

SURVEILLANCE
5 (1.9%)

P-VALUE

T4 tumors 3 (20.0) 101 (42.6) 1 (20.0) 0.404

Extramural vascular invasion 8 (53.3) 146 (61.6) 3 (60.0) 0.815

Lymphatic invasion 6 (40.0) 140 (59.1) 3 (60.0) 0.347

Perineural invasion 4 (26.7) 112 (47.5) 2 (50.0) 0.290

High Grade 4 (26.7) 63 (26.8) 3 (60.0) 0.258

α Screening versus Symptoms P<0.05 ; β Screening versus Surveillance P<0.05 ; γ Symptoms versus Surveillance P<0.05
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40 ABSTRACT 

BACKGROUND
Although stage I colorectal cancer has an excellent prognosis after com-
plete surgical resection, disease recurrence still occurs. This study aimed 
to assess prognostic risk factors in this early stage of disease. 

METHODS
All non-neoadjuvantly treated stage I colon (CC) and rectal (RC) patients 
who underwent a surgical resection between 2004-2015 were identified. 
Clinicopathological differences and long-term oncological outcomes were 
compared.

RESULTS
CC patients (n=433) were older and had more pre-existing comorbidi-
ties. RC patients (n=86) were associated with more T2 tumors, venous 
invasion, and higher rates of 30-day morbidity. In multivariate analysis, 
lymphatic invasion was found to be an independent predictor for disease 
recurrence (OR: 4.57, P=0.010) and worse disease-free survival (HR: 4.26, 
P=0.012). This was particularly true for distant recurrence, with eight-
times higher hazard ratios when lymphatic invasion was present (HR: 8.02, 
P<0.001). T2 tumors were at risk, though no significant association was 
found (OR: 3.86, P=0.051, HR: 3.61, P=0.065, respectively). 

CONCLUSIONS
Lymphatic invasion was strongly associated with worse DFS, in particular 
distant recurrence. This subgroup of stage I patients might benefit from 
a more intensive follow-up and maybe should be considered for adjuvant 
therapy.
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41INTRODUCTION

Colorectal cancer (CRC) has a profound impact on public health. In 2017, 
an estimated 135,430 new cases of large bowel cancer were diagnosed in 
the United States.1 Due to screening programs, changing patterns in risk 
factors and improvements in treatment, a declining trend in CRC inci-
dence and mortality is noted over the last decades.2 Nonetheless, CRC is 
still the third most commonly diagnosed cancer among men and women 
and approximately 50,260 patients died from colorectal cancer in 2017. 
The overall 5-year survival rate for patients diagnosed with CRC between 
2006 and 2012 was 65%, slightly higher for rectal cancer (67% vs. 64%).3 
This rate is dependent upon many factors, but stage of disease at diagno-
sis remains one of the most important in oncological outcomes. 

Approximately 39% of all CRC patients present with localized dis-
ease, including all cases where the cancer is found to be confined to the 
primary site. Surgical resection without neoadjuvant or adjuvant chemo-
radiation is still the gold standard for these patients, notwithstanding the 
increasing interest and improved techniques for less invasive procedures 
such as transanal excision in rectal cancer and endoscopic removal of 
colonic neoplasms over the last decades.4-5 The estimated 5-year survival 
rate reaches 90% for this early stage disease, thus the prognosis is excel-
lent. Nonetheless, disease recurrence rates are in the range of 5-17%.6-8  

An established risk factor for disease recurrence in stage I disease 
is method of resection, particularly in rectal cancer since a local excision 
has become a more commonly used procedure. Other than that, however, 
not much is known about prognostic risk factors in this stage of colorectal 
cancer. Most of the studies which focus on poor outcomes in early stage 
CRC include either stage I and II disease 9-10 or investigated predictors for 
lymph-node metastasis 11-13 and are therefore less applicable to pT1-2N0 
tumors. In addition, although colon and rectal cancer have a different tu-
mor biology and require different treatment in more advanced stages, the 
recommendations for stage I disease is not different between the two. To 
further optimize prognosis, particularly with the current increase in less 
invasive procedures, it is essential to increase our knowledge of prognos-
tic factors in early stage disease. Therefore, the objective of this study is 
to examine risk-stratifying factors in stage I colorectal cancer and to as-
sess differences between colon and rectal cancer patients. 

MATERIALS AND METHODS

STUDY DESIGN AND PATIENTS
The study population consisted of all patients who underwent primary 
surgical treatment for stage I colon or rectal cancer at Massachusetts 
General Hospital between 2004-2015. All data was extracted from a 
prospectively maintained, IRB-approved database. Patient who received 
neoadjuvant treatment for stage II disease and downgraded to pathologic 
stage I were excluded (n=11) as were patients who underwent a transanal 
excision (n=19). The remaining 519 cases were included for subsequent 
analysis. Colon cancer (CC) was defined as a tumor located between the 
cecum and sigmoid. Rectal cancer (RC) included all tumors within 15 cm 
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42 of the anal verge. Baseline characteristics, operative and postoperative 
details, pathology features and long-term outcomes were reviewed. Sur-
gical procedures were compared, including segmental colectomies, low 
anterior (LAR), and abdominoperineal resections (APR). Short–term out-
comes included length of stay, rate of readmission, complications during 
and post-admission, and mortality within 30-days of surgery. Long-term 
outcomes included the rate of recurrence, both local and distant recur-
rence rates, as well as overall survival (OS), and disease-free survival 
(DFS). Local recurrence was defined as peri-anastomotic recurrence or 
regional nodal recurrence, while distant metastasis included other organs 
such as liver, lung, peritoneum, bone, and brain. Data on long-term out-
comes was updated periodically by reviewing patient’s records and the 
Massachusetts General Hospital’s cancer registry. All time to events was 
calculated from date of surgery.

STATISTICAL ANALYSIS
All statistical analyses were performed using SPSS (IBM Corp. Released 
2013. IBM SPSS Statistics for Macintosh, Version 24.0. Armonk, NY: IBM 
Corp.). Differences in dichotomous variables were assessed using a Chi-
squared (χ2) test, and categorical variables are presented as the percent-
age of patients. Continuous variables are presented as the mean ± stan-
dard deviation (SD) or the median and interquartile range (IQR), according 
to the distribution (Kolmogorov-Smirnov and Shapiro-Wilk test). Differ-
ences in continuous variables were analyzed using a Mann-Whitney U 
test. Survival-analyses were performed with Kaplan-Meier curves, using a 
log-rank test. Multiple logistic regression models were used to determine 
the association between disease recurrence, tumor location, and other 
clinicopathological variables. Significant explanatory univariate variables, 
as well as clinically important factors were considered as potential co-
variates and were kept in the model if they improved the goodness of fit, 
according to Hosmer-Lemeshow purposeful variable selection method.14 
The results are reported as odds ratios (OR) with a 95% confidence inter-
val (CI). Furthermore, we performed Cox proportional hazard models to 
assess the impact on time to disease recurrence, reported as hazard ratios 
(HR) with a 95% CI. All reported P-values are two-sided, with P£0.05 de-
noting statistical significance.

RESULTS

Between 2004 and 2015, 433 CC and 86 RC patients with stage I disease 
underwent a surgical resection at our institution. Median age was 66.3 
years. Rectal cancer patients were significantly younger (67.3 vs. 59.7, 
P=0.001). CC was associated with a higher ASA-score (P=0.027), and 
more urgent admissions (5.5% vs. 0.0%, P=0.025). One-third of the CC 
patients received surgical resection for a T2 tumors, while the majority of 
surgically treated RC patients had a T2 tumor (58.1%, P<0.001). High grade 
tumors were rarely seen and only present in CC tumors (6.8%, P=0.014), 
whereas the prevalence of lymphovascular invasion (LVI), and in particular 
venous invasion, was significantly higher in RC tumors (11.3% vs. 33.7%, 
P<0.001). Besides tumor location, LVI was found to be correlated with his-
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43tological risk factors including pT2 tumors (OR 4.79, P<0.001), poor differ-
entiation (OR 2.86, P=0.010), and perineural invasion (OR 3.34, P=0.046). 
The prevalence of microsatellite instability was significantly different 
between tumor location, with more MSI stable and low tumors in the 
rectal cancer cohort (27.0% vs. 46.5%, P<0.001). Although the number of 
retrieved lymph nodes was comparable, more CC patients had less than 
12 lymph-nodes harvested (18.0% vs. 9.3%, P=0.047). Table 1. 
	  
Table 1. Baseline characteristics

All patients Colon cancer Rectal cancer P-value

n = 519 n = 519 n = 433 (83.4%) n = 86 (16.6%)

Age 66.3 (56.2 – 75.8) 67.3 (57.4 – 77.0) 59.7 (51.6 – 72.3) 0.001

Male gender 281 (54.1%) 233 (53.8%) 48 (55.8%) 0.733

BMI 26.9 (23.4 – 31.2) 27.1 (23.7 – 31.6) 26.4 (22.6 – 30.1) 0.085

ASA 2 (2 – 3) 2 (2 – 3) 2 (2 – 2) 0.027

IBD 22 (4.2%) 20 (4.6%) 2 (2.3%) 0.335

Alcohol abuse 35 (6.7%) 30 (6.9%) 5 (5.8%) 0.707

Nicotine dependence 55 (10.6%) 46 (10.6%) 9 (10.5%) 0.965

Urgent admission 24 (4.6%) 24 (5.5%) 0 (0.0%) 0.025

Family history CRC 71 (13.7%) 59 (13.6%) 12 (14.0%) 0.936

History of cancer 67 (12.9%) 53 (12.2%) 14 (16.3%) 0.308

Pathology features

T2 tumor 209 (40.3%) 159 (36.7%) 50 (58.1%) <0.001

High Grade 28 (5.6%) 28 (6.8%) 0 (0.0%) 0.014

LVI 78 (15.0%) 49 (11.3%) 29 (33.7%) <0.001

	 Lymphatic 53 (10.2%) 41 (9.5%) 12 (14.0%) 0.210

	 Venous 26 (5.0%) 12 (2.8%) 14 (16.3%) <0.001

Perineural invasion 11 (2.1%) 8 (1.9%) 3 (3.5%) 0.336

Microsatellite instability <0.001

	 MSI stable or 
low

157 (30.3%) 117 (27.0%) 40 (46.5%)

	 MSI high 31 (6.0%) 31 (7.2%) 0 (0.0%)

	 Unknown 331 (63.8%) 285 (65.8%) 46 (53.5%)

LN examined 18 (14 – 24) 18 (13 – 25) 17 (15 – 23) 0.592

LN <12 examined 86 (16.6%) 78 (18.0%) 8 (9.3%) 0.047

Tumor size, cm 2.0 (0.0 – 3.5) 2.0 (0.0 – 3.5) 2.1 (0.0 – 15.0) 0.066

Proportions are presented for categorical data, median with IQR for continuous data.  
Abbreviations: BMI: Body Mass Index (kg/m2), ASA: American Society of Anesthesiologists, IBD: Inflammatory Bowel 
Disease,  LVI: lymphovascular invasion

INTRA-AND POSTOPERATIVE OUTCOMES
Table 2 demonstrates perioperative outcomes. The majority of patients 
underwent open surgery (CC: 51.3% vs. RC: 60.5%) explained by the 
length of the study. There was a remarkable shift towards laparoscopic 
surgery over the study period, with an average of 31.8% procedures done 
laparoscopically in the first half of the study and 65.3% in the latter. The 
procedures performed in the rectal group were low anterior resections 
(LAR, 89.0%), and abdominoperineal resections due to sphincter involve-
ment (APR, 11.0%). Surgery for rectal cancer took significantly longer (124 
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44 vs. 194 minutes, P<0.001), with no differences in intraoperative compli-
cations. RC patients experienced more complications during their initial 
admission (23.6% vs. 40.7%, P=0.001), and had a higher readmission rate 
(7.2% vs. 15.1%, P=0.016). The most common reasons for readmission were 
dehydration (36.4%), ileus (27.3%), and anastomotic leakage (18.2%). While 
the overall rate of anastomotic leak/intra-abdominal abscesses, surgical 
site infections, and urinary tract infections were only slightly higher, post-
operative ileus occurred significantly more often in RC patients (10.9% vs. 
20.9%, P=0.010).

Table 2. Intra- and postoperative outcomes

All patients Colon cancer Rectal cancer P-value

Surgery

Operation duration, minutes 139 (80 – 190) 124 (74 – 171) 194 (144 – 237) <0.001

Laparoscopic approach 245 (47.2%) 211 (48.7%) 34 (39.5%) 0.119

Conversion to open surgery 17 (3.3%) 13 (3.0%) 4 (4.7%) 0.433

Admission

Admission duration, days 4 (3 – 6) 4 (3 – 6) 5 (4 – 7) 0.004

Complication rate during 
admission

137 (26.4%) 102 (23.6%) 35 (40.7%) 0.001

Complication rate total 172 (33.1%) 127 (29.3%) 45 (52.3%) <0.001

Ileus 65 (12.5%) 47 (10.9%) 18 (20.9%) 0.010

Abscess/leak 15 (2.9%) 11 (2.5%) 4 (4.7%) 0.286

Surgical site infection 54 (10.4%) 43 (9.9%) 11 (12.8%) 0.428

Sepsis 3 (0.6%) 3 (0.7%) 0 (0.0%) 0.741

Blood transfusion 75 (14.5%) 65 (15.0%) 10 (11.6%) 0.415

ICU transfer 14 (2.7%) 9 (2.1%) 5 (5.8%) 0.051

Pneumonia 12 (2.3%) 10 (2.3%) 2 (2.3%) 0.993

Renal failure/insufficiency 14 (2.7%) 12 (2.8%) 2 (2.3%) 0.816

Urinary tract infection 23 (4.4%) 17 (3.9%) 6 (7.0%) 0.209

Readmission 44 (8.5%) 31 (7.2%) 13 (15.1%) 0.016

Reoperation 16 (3.1%) 13 (3.0%) 3 (3.5%) 0.812

Death 3 (0.6%) 2 (0.5%) 1 (1.2%) 0.434

Proportions are presented for categorical data, median with IQR for all continuous data. 

LONG-TERM OUTCOMES
Median follow-up duration at our institution was 51.4 months, which was 
shorter for RC patients (55.8 vs. 41.5 months, P=0.022). Of all CC patients, 
2.3% experienced cancer recurrence versus 4.7% of RC patients (P=0.221). 
Median time to disease recurrence was one year later in CC (52.3 months 
vs. 39.8 months, P=0.015). This was mainly explained by local recurrence, 
which was earlier detected in RC (CC: 55.8 months, RC: 16.2 months, 
P=0.038). With regards to survival, rates of overall mortality were high-
er in CC patients (21.5% vs. 11.6%, P=0.036), whereas colorectal cancer 
mortality rates were scarce and comparable (2.3% vs. 0.0%, P=0.155, re-
spectively). Log-rank testing demonstrated a similar 5-year overall survival 
(CC: 84.3% vs. RC: 85.5%, P=0.242) as well as 5-year disease-free survival 
(CC: 97.1% vs. RC: 94.0%, P=0.144).
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45Table 3. Long-term oncological outcomes

All patients Colon cancer Rectal cancer P-value

Recurrence 14 (2.7%) 10 (2.3%) 4 (4.7%) 0.221

	 local 4 (0.8%) 2 (0.5%) 2 (2.3%) 0.071

	 distant 11 (2.1%) 8 (1.8%) 3 (3.5%) 0.335

Follow-up duration, months 51.4 (285 – 90.1) 55.8 (29.2 – 93.1) 41.5 (22.6 – 76.0) 0.022

Disease-free survival, months 49.4 (27.4 – 86.7) 52.3 (28.2 – 90.4) 39.8 (17.7 – 74.1) 0.015

Deceased 103 (19.8%) 93 (21.5%) 10 (11.6%) 0.036

Colorectal cancer mortality 10 (1.9%) 10 (2.3%) 0 (0.0%) 0.155

Proportions are presented for categorical data, median with IQR for all continuous data. 

MULTIVARIATE ANALYSES
Table 4 demonstrates the outcomes of the logistic regression model and 
the Cox proportional hazard model. In univariate analysis, the odds of de-
veloping disease recurrence were remarkably higher after open surgery, 
tumors ³ 2 cm, T2 tumors, lymphatic invasion, and perineural invasion. 
Patients with colon cancer had lower odds of disease recurrence (OR: 
0.49, P=0.221). After adjustment, while the odds were clinically higher for 
T2 tumors (OR: 3.86, P=0.051), only lymphatic invasion was found to be an 
independent predictor for disease recurrence (OR: 4.57, P=0.010). When 
looking at time to disease recurrence, the same variables were found to 
have higher hazard ratios. Perineural invasion was contributory in the 
multivariate Cox model, though only lymphatic invasion was significantly 
associated with worse disease-free survival (HR 4.26, P=0.012).  	 

DISTANT AND LOCAL RECURRENCE 
We analyzed the impact of various variables on time to distant and local 
recurrence separately. As demonstrated in Figure 1, lymphatic invasion, 
T-stage, and tumor location were associated with either distant or local 
recurrence. Lymphatic invasion was strongly related to distant recurrence 
(HR: 8.02, 95% CI: 2.45 – 26.29, P<0.001), as were T2 tumors (HR: 6.77, 
95% CI: 1.46 – 31.35, P=0.005).  Although hazard ratios for local recur-
rence were higher in patients with lymphatic invasion, the difference was 
not significant (HR: 3.09, 95% CI: 0.32 – 29.68, P=0.304). The only factor 
associated with local recurrence was rectal cancer (HR: 6.14, 95% CI: 0.86 
– 43.70, P=0.038). Variables including surgical approach, tumor size, and 
other histopathologic features (venous invasion, perineural invasion, MSI, 
poor differentiation) were not associated with either one of the recurrence 
patterns. 

DISCUSSION

Over the last decades, the incidence and mortality rates of colorectal 
cancer have decreased in Western countries.15 The reason for this decline 
is multifactorial and reflects benefits of early detection through screening 
programs, awareness of risk factors and therapeutic improvements. As 
with almost all types of cancer, the earlier the diagnosis, the better the 
outcomes. However, cure is never guaranteed even in early stage disease. 
Despite the favorable outcome for patients with stage I colorectal cancer, 
disease recurrence still occurs. In line with recent SEER cancer statistics 
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46 Table 4. Univariate and multivariate analysis, disease recurrence and disease-free survival

Disease recurrence *

Patients, 
No

Events,
No

Univariate Multivariate

OR (95% CI) P-value OR (95% CI) P-value

Colon cancer 433 10 0.49 (0.15 – 1.58) 0.221

ASA III-IV 165 5 1.63 (0.56 – 4.77) 0.370

Age ³65 years 278 7 0.86 (0.30 – 2.50) 0.863

Urgent admission 24 0 -- --

Male gender 281 7 0.84 (0.29 – 2.44) 0.752

Alcohol abuse 35 1 1.07 (0.14 – 8.39) 0.952

Nicotine dependence 55 0 -- --

Open approach 274 10 2.28 (0.71 – 7.37) 0.157

Postoperative complication 172 3 0.54 (0.15 – 1.97) 0.345

Tumor size ³2 cm 235 9 2.18 (0.66 – 7.18) 0.190

T2 tumor 209 11 5.69 (1.57-20.63) 0.003 3.86 (0.99 – 14.95) 0.051

High Grade 28 0 -- --

Lymphatic invasion 53 6 7.31 (2.43 – 21.96) <0.001 4.57 (1.44 – 14.54) 0.010

Venous invasion 25 1 1.48 (0.19 – 11.74) 0.711

Perineural invasion 11 1 3.80 (0.45 – 31.92) 0.187

LN ³12 433 11 0.72 (0.20 – 2.64) 0.620

Disease-free survival **

1Y estimate 5Y estimate

Univariate Multivariate

HR (95% CI) P-value HR (95% CI) P-value

Colon cancer 99.7% 97.1% 0.43 (0.14 – 1.38) 0.144

ASA III-IV 99.3% 94.8% 1.74 (0.60 – 5.01) 0.300

Age ³65 years 99.6% 96.4% 0.91 (0.32 – 2.60) 0.862

Male gender 99.2% 97.2% 1.08 (0.64 – 1.82) 0.785

Alcohol abuse 96.7% 96.7% 0.97 (0.35 – 2.68) 0.952

Open approach 99.2% 95.9% 1.87 (0.58 – 5.98) 0.285

Postoperative complication 99.3% 97.7% 0.55 (0.15 – 1.95) 0.344

Tumor size ³2 cm 99.0% 95.2% 2.29 (0.71 – 7.45) 0.155

T2 tumor 98.4% 93.8% 5.56 (1.55 – 19.94) 0.003 3.61 (0.92 – 14.09) 0.065

Lymphatic invasion 95.6% 83.6% 7.14 (2.48 – 20.57) <0.001 4.26 (1.38 – 13.20) 0.012

Venous invasion 95.8% 95.8% 1.83 (0.24 – 14.00) 0.557

Perineural invasion 100% 90.0% 3.84 (0.50 – 29.41) 0.163 3.60 (0.47 – 27.86) 0.219

LN ³12 99.5% 96.8% 0.75 (0.21 – 2.69) 0.656

* Variables included in the model: T2 stage, lymphatic invasion  
** Variables included in the model: T2 stage, lymphatic invasion, perineural invasion

outcomes, our study underlines the excellent prognosis, with an estimated 
5-year overall survival of 84.3% for colon cancer and 85.5% for rectal can-
cer.3 Yet, disease recurrence still occurred in 2.3% of all colon cancer pa-
tients and in twice as many rectal cancer patients (4.7%). The correspond-
ing 5-year disease-free survival was 97.1% and 94.0%, respectively. After 
adjustment, lymphatic invasion was found to be an independent predictor 
for worse disease-free survival. The prognostic impact of T2 tumors was 
present, with higher hazard ratios, though not significant. 

The impact of depth of tumor invasion in lymph-node negative 
disease is better understood in rectal cancer than colon cancer.6,16 The 
increase over the last decade in local excisions for T1-2 rectal cancer and 
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A- Time to Distant Recurrence B - Time to Local Recurrence
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Figure 1. Kaplan-Meier curves for local and distant recurrence

subsequently the need to stratify risk factors for poor outcomes in early 
stage rectal cancer have certainly contributed to that. As a result, the cur-
rent NCCN, ESMO, and Japanese guidelines for stage I rectal cancer are 
based more on facts than assumptions.4-5, 17-18 When pathology demonstrates 
either a T2 tumor or other high-risk features including deep submucosal in-
vasion (>1 mm), positive margins, poorly differentiated tumors, and lympho-
vascular invasion, a transabdominal resection or adjuvant chemoradiation 
is required after a transanal excision. Considering colon cancer, one could 
presume that the risk factors applicable to stage I rectal cancer are valid 
for colon cancer as well, but definitive knowledge is lacking. Little is writ-
ten about pT1-2N0 colon cancers, since previous studies included either all 
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48 node-negative patients (pT1-pT4) 9-10 or investigated predictors for lymph-
node metastasis.11-13 Additionally, the need to subdivide high- and low-risk 
stage I colon cancer patients has been less mandatory considering sur-
gery as the gold standard associated with an excellent overall prognosis. 
The incremental benefit of postoperative treatment in lymph-node nega-
tive colorectal cancer in general is small, and most likely even smaller for 
T1-T2 tumors. Considering the risk of overtreatment and the associated 
morbidity of postoperative chemotherapy, indiscriminate use of postoper-
ative treatment in localized CRC is definitely not recommended. However, 
assessing high-risk features in early stage CRC might help to determine 
which patients would benefit from adjuvant therapy. Unfortunately, other 
than requirements after a local excision, recommendations for pT2 tumors 
with poor histology after a complete surgical resection remain unclear and 
data concerning stage I colon cancer in general is deficient. 

For stage I colorectal cancer, the cause of disease recurrence is ei-
ther undetectable local residual of the tumor or the presence of microme-
tastasis. Okabe et al demonstrated already a decade ago the association 
between LVI and micrometastasis in patients with N0 disease in colorectal 
cancer.19 Moreover, multiple studies reported histologic predictors for 
lymph-node metastasis, including lymphovascular invasion.20-21 In addition 
to that, a recent prospective multicenter trial concluded that LVI, along 
with high tumor grade, was correlated with occult nodal metastases in pa-
tients with colon cancer extended to the muscularis propria or beyond.22 
Along with T2 tumors, LVI is one of the histologic risk factors for which a 
local excision is contraindicated according to current guidelines. However, 
recommendations for LVI positive T1 or T2 tumors after surgical resection 
remain unclear and do not differ from LVI negative tumors as only surveil-
lance is required in both groups, starting one year after surgery. In addi-
tion to previous studies, our study underlined the impact of lymphovascu-
lar invasion in surgically treated lymph-node negative T1 and T2 tumors as 
the presence of LVI was even stronger related to disease recurrence than 
pathologic T-stage. Moreover, an important difference between lymphatic 
and vascular invasion was demonstrated since only the first was found to 
be associated with worse outcomes. Tumors with lymphatic invasion car-
ried over fourfold higher hazard ratios of disease-free survival (HR: 4.26, 
P=0.012), and lymphatic invasion was even stronger associated with time 
to distant recurrence (HR: 8.02, P<0.001). Moreover, LVI in general was 
associated with other high-risk features in stage I disease, including pT2 
tumors, high-grade tumors, and perineural invasion. Of all patients whom 
developed distant recurrence, 45.5% had LVI positive tumors. This number 
was even more remarkable in rectal cancer (66.7%), and especially true for 
liver metastasis since all rectal cancer patients who were diagnosed with 
liver metastasis during their follow-up were LVI positive. 

Besides the pathological risk factors found in our study, a number 
of differences between colon and rectal cancer were assessed. Previous 
studies elaborated on this distinction 23-25 which have led to modifications 
in treatment patterns and a more targeted disease management.4-5 Con-
sidering stage I CRC, guidelines are not different and additional treatment 
in general after surgery is not given. Our study demonstrated a significant 
difference in the distribution of histopathologic factors, including more 
T2 tumors, LVI, MSI stable or low tumors in rectal cancer patients. Nev-
ertheless, tumor location was only associated with local recurrence. The 
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49fact that the incidence of venous invasion and not lymphatic invasion was 
higher, might be a reasonable explanation for the comparable disease-free 
survival. Furthermore, we included only patients who underwent a surgi-
cal resection, which have led to a relatively higher number of T2 tumors 
in the rectal cohorts, since most T1 tumors were approached by a local 
excision. Incorporating those findings, we might conclude that guidelines 
for colon and rectal cancers do not need to be different in this early stage 
of disease. 

Despite the existing controversy as to whether endoscopic remov-
al of malignant colorectal polyps is feasible and as safe as the standard 
surgical approach 26-28 it is clear that endoscopic removal for early stage 
colonic neoplasms has gained a lot of interest over the last years. As 
colonoscopic devices and techniques continue to improve, an increase in 
non-surgical treatment is expected, both in colon as well as rectal cancer. 
Additionally, an increase in early stage colorectal cancer is estimated due 
to colorectal screening. All of this increases the need to identify high-risk 
patients in this stage of disease. To our knowledge, this is one of the first 
studies that included only patients with stage I colon and rectal cancer 
and found a significant impact of lymphatic invasion in both tumor lo-
cations. Nevertheless, this study has several limitations. Although our 
database was prospectively maintained, potential biases inherent to our 
retrospective design apply to our study. Despite the noteworthy number 
of patients whom were referred to our hospital, possibly because of a 
relatively high comorbidity rate or difficulty of the surgical approach, the 
recurrence rate was lower compared to previous studies. The fact that we 
excluded all local excisions might have contributed to this relatively low 
recurrence rate. With regards to the low incidence of disease recurrence, 
we could only adjust for strongly associated univariate variables to mini-
mize potential bias. Moreover, rates of disease-specific survival were too 
low to perform Cox proportional hazard models to assess independent 
factors associated with colorectal cancer mortality. Nonetheless, the main 
strength of the current study is the comparison between only stage I co-
lon and rectal cancer patients, who underwent surgery in one single cen-
ter during the same time frame. 

In conclusion, although disease recurrence is uncommon in stage I 
colorectal cancer, it occurs. Lymphatic invasion is an independent predictor 
for worse disease-free survival and in particular, strongly associated with 
distant recurrence. Therefore, we should be aware of potential worse out-
comes in patients with lymphatic invasion in T1-T2 lymph-node negative 
colorectal tumors. The question now remains as to whether T2 and even 
T1 patients who have lymphatic invasion should receive routine oncologic 
follow-up or even adjuvant chemotherapy considering the risks of overtreat-
ment and the marginal benefit in lymph-node negative colorectal cancer  
in general.29
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CHAPTER 
3

The IMPACT of 
POSTOPERATIVE 

MORBIDITY ON SURVIVAL 
in PATIENTS with 

METASTATIC COLON 
and RECTAL CANCER
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54 ABSTRACT

INTRODUCTION
Avoiding postoperative morbidity is essential in patients with advanced 
cancer. To further improve treatment in stage IV colorectal cancer, knowl-
edge about risk factors which effect short- and long-term outcomes  
is important.

METHODS
All stage IV colon and rectal cancer who underwent elective surgery be-
tween 2004-2015 were included (n=345). We compared resectable colon 
(RCC) and rectal (RRC) patients, and unresectable colon (UCC) and rectal 
cancer patients (URC).

RESULTS
Median follow-up duration was 22.2 (unresectable) and 56.7 months (re-
sectable) with no difference in tumor location. Colon cancer patients were 
more often considered unresectable (P<0.001). Rectal procedures were 
correlated with a higher morbidity rate and a longer surgical duration 
(P<0.001). In the resectable cohort, obese patients, open procedures and 
a prolonged surgery were independently associated with postoperative 
complications. Considering the palliative group, neoadjuvant treatment 
and age were correlated with worse outcomes. Morbidity was not as-
sociated with long-term outcomes in the resectable cohort. However, 
unresectable patients who developed respiratory (HR 7.53) or cardiac (HR 
3.75) complications and patients with an ASA-score III-IV (HR 1.51) had an 
impaired survival.

CONCLUSION
Our results emphasize the need for an adequate pre-operative assessment 
to identify patients at risk for postoperative complications and  
impaired survival.
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55INTRODUCTION

Despite improvements in diagnosis and treatment, colorectal cancer re-
mains a major cause of morbidity and mortality worldwide. Each year, 
more than one million people are diagnosed with colon or rectal cancer 
with an estimated annual mortality rate of more than 600,000. 1 Of all 
newly diagnosed cases in the United States, approximately 22% of colon 
cancer patients and 18% of all rectal cancer patients have synchronous 
distant metastasis at the time of diagnosis, with a dismal 5-year survival of 
13.6% and 14.6%, respectively.2 Treatment options include systemic thera-
py and tumor resection. In patients with resectable metastases, the bene-
fit of metastatectomy is well established. However, 75-90% of all patients 
with distant metastasis (American Joint Committee on Cancer (AJCC) 
stage IV disease) present with unresectable metastases and the role of 
surgical intervention for this group remains controversial.3-5

The current National Comprehensive Cancer Network (NCCN) 
guidelines recommend surgery only in symptomatic patients, including 
those with bowel obstruction, perforation or excessive bleeding, as these 
situations may preclude a patient’s ability to receive adjuvant therapy.6-7 
Nonetheless, a portion of asymptomatic non-curative patients undergo 
surgical resection.8 A few retrospective studies advocate primary tumor 
resection in asymptomatic patients to prevent local tumor complications 
and subsequent emergency surgery.9-15 Furthermore, despite advantages in 
palliative systemic therapy, recent meta-analyses demonstrated a survival 
benefit of 5-8 months when surgery was performed when compared to 
systemic therapy alone.3,5,15 However, most studies are limited by potential 
selection bias, since younger or healthier patients with less comorbidity 
are more likely to undergo surgery. 

Avoiding prolonged hospital stay or high morbidity rates is essential 
in patients with advanced cancer and a limited life expectancy. To fur-
ther improve both curative and palliative treatment in stage IV colorectal 
cancer, knowledge about risk factors for worse short- and long-term out-
comes is essential. Therefore, the purpose of this study was to identify 
predictors for postoperative morbidity and assess whether poor short-
term outcomes effect oncologic long-term outcomes. These determinants 
might help clinicians in the decision as to whether or not to perform a 
resection of the primary tumor in advanced colon and rectal cancer. Ad-
ditionally, due to distinct differences between colon and rectal cancer 
in terms of tumor biology, treatment patterns and a suggested different 
metastatic pattern 16, we evaluated the differences between stage IV colon 
and rectal cancer and the impact of postoperative outcomes.

MATERIALS & METHODS

STUDY DESIGN AND POPULATION
All consecutive patients who underwent surgical resection for primary 
colorectal cancer at Massachusetts General Hospital between January 
1st 2004 and December 31st 2015 were entered into a prospectively main-
tained database, approved by the Institutional Review Board. During the 
study period, 345 patients presented with stage IV disease, of whom 80 
(23.2%) underwent emergent surgery. In order to standardize the groups, 
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bleeding) were excluded as were patients who underwent non-resective 
surgery (diagnostic laparotomy, enteric bypass, stoma). The majority of 
all elective surgically treated patients were colon cancer patients (64.5%). 
Colon cancer included all tumors between the cecum and sigmoid, 
whereas all tumors within 15 cm of the anal verge were defined as rectal 
cancer. We divided the groups into patients with resectable (N=119) and 
unresectable metastases (N=146). Clinically resectable metastases includ-
ed metastases confined to the liver, lung, or resectable metastasis in the 
reproductive organs. Liver metastases were deemed unresectable when 
major hepatic vessels were involved, less than two contiguous liver seg-
ments could be preserved or in cases when future liver remnant would not 
be adequate. Furthermore, unresectable cases included all extrahepatic 
disease other than resectable lung or ovarian metastases 17,18 as well as 
patients with a poor general health status. Baseline metastasis included 
all metastasis diagnosed before surgery, while long-term metastasis com-
prised all metastatic diagnosis after this period. In order to assess dif-
ferences between tumor location, we divided the groups into resectable 
colon (RCC) and rectal cancer (RRC), and unresectable colon (UCC) and 
rectal cancer (URC). 

DATA COLLECTION
The following data was prospectively collected for all patients: baseline 
characteristics (site of primary lesion, age, gender, ASA-score, BMI), car-
cinoembryonic antigen, metastatic pattern, extent of metastatic spread, 
surgical characteristics (approach, duration, multivisceral resection), 
pathological features (depth of local tumor invasion (pT), lymph node me-
tastases (pN), grade of tumor differentiation (poor versus well/moderate), 
extramural vascular invasion (EMVI), lymphovascular invasion (LVI), peri-
neural invasion, number of harvested lymph nodes, tumor size, R0 resec-
tion), and the admission of neoadjuvant and adjuvant treatment. Baseline 
metastasis included all metastasis diagnosed before surgery, while long-
term metastasis comprised all metastatic diagnosis after this period. 
Short-term outcomes (length of stay, readmission, surgical and medical 
complications), and survival status were also reported. Data on long-term 
outcomes were updated periodically by reviewing patient’s records and 
the Massachusetts General Hospital cancer registry. Patients alive at the 
closure of the study (April 30, 2018) or lost to follow-up were censored 
using the appropriate statistic methods. All time to events was calculated 
from date of diagnosis.

MORBIDITY
Postoperative morbidity was defined as any surgical or medical (systemic) 
complication that occurred within 30 days of surgery. Surgical complica-
tions included postoperative ileus, anastomotic leak, surgical site infec-
tion, fascial dehiscence, sepsis, and gastrointestinal bleeding. All other 
complications were defined as medical problems, excluding the require-
ment for blood transfusion, the need to transfer a patient to the ICU or 
death. Anastomotic leakage was defined as any intra-abdominal abscess 
and/or dehiscence or leakage at the anastomotic site. Cardiovascular 
complications included cardiac arrest, arrhythmias, and acute coronary 
syndrome, excluding pre-existing atrial fibrillation. Respiratory events im-
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57plicated pneumonia, acute respiratory distress syndrome, pleural effusion, 

atelectasis, and pulmonary embolism. Renal complications included both 
renal failure as well as renal insufficiency. Urinary complications included 
confirmed urinary tract infections, retention, and urinary incontinence.

STATISTICAL ANALYSES
Categorical variables are presented as the percentage of patients, and 
differences were assessed using a Chi-squared (χ2) test. Continuous vari-
ables are presented as the median and interquartile range (IQR) or the 
mean ± standard deviation (SD), according to the distribution (Kolmog-
orov-Smirnov and Shapiro-Wilk test). Differences in continuous variables 
were analyzed using a Mann-Whitney U test. Survival-analyses were 
performed with Kaplan-Meier curves, using a log-rank test. To identify 
predictors for surgical and medical complications, logistic regression 
analysis was performed. Explanatory variables with univariate P-values ≤ 
0.05 as well as important clinical variables and confounders formed the 
provisional model. The Hosmer-Lemeshow test was used to assess the 
goodness-of-fit of the predictive models.19 The results in postoperative 
morbidity are reported as odds ratio (OR) with a 95% confidence interval 
(CI). Multivariate Cox regression analyses were conducted to identify in-
dependent predictors for overall survival. All significant pre- and perioper-
ative univariate variables were included in the model, as well as variables 
who changed the model by 10% or more. Survival results are reported as 
hazard ratios (HR) with a 95% confidence interval (CI). Throughout all sta-
tistical analyses a two-tailed P-value of <0.05 was considered statistically 
significant. All statistical analyses were performed using SPSS (IBM Corp. 
Released 2013. IBM SPSS Statistics for Macintosh, Version 24.0. Armonk, 
NY: IBM Corp.).

RESULTS

BASELINE CHARACTERISTICS
Of the 345 patients who presented with metastatic colorectal cancer 
during our study period, 119 (34.5%) patients underwent an elective pro-
cedure that was deemed resectable. The prevalence of unresectable dis-
ease was higher in colon cancer than rectal cancer (64.3% versus 38.3%, 
P<0.001). As demonstrated in Figure 1, there was a trend toward fewer 
primary tumor resections in unresectable cases over time. This was partic-
ularly true for rectal cancer. 

Table 1 demonstrates differences between tumor location in stage IV 
disease. Unresectable patients were significantly older (mean 60.5 ±14.5 
versus 56.6 ±12.6, P=0.034. Nonetheless, other demographics including 
comorbidity (mean ASA unresectable: 2.4 ±0.59 versus resectable: 2.3 
±0.52, P=0.072), gender (male: 47.3% versus 52.9%, P=0.358), referred 
patients (58.2% versus 64.7%, P=0.289) and overall rate of post-operative 
complications (42.5% versus 33.6%, P=0.141) were comparable. Colon can-
cer cases were more often considered unresectable (64.3% versus 38.3%, 
P<0.001) and presented with metastases in more than one organ (32.7% 
versus 18.1%, P0.011). Moreover, colon cancer patients were older with 
a significant difference in the resectable cohort (mean 59.2 versus 54.0 
years, P=0.028) and had a lower Carcinoembryonic Antigen (CEA) level 
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at diagnosis in resectable cases (median 12.8 versus 34.0 mg/L, P=0.006). 
Pre-operative laboratory results demonstrated anemia and leukocytosis in 
colon cancer patients (P=0.003, P=0.033, respectively), though this was 
not significant in subgroup analysis. Regardless of the curability of the 
disease, rectal cancer patients were more often referred from an outside 
hospital (52.0% versus 78.7%, P<0.001), and in line with current guide-
lines, RC patients received more neoadjuvant treatment (27.5% vs. 91.5%, 
P<0.001). 

Histopathologically, colon cancers were associated with worse 
features including slightly more T4 tumors (unresectable: 61.8% versus 
58.3%, P=0.001; and lymph-node positive disease (resectable: 7.7% versus 
55.2%, P=0.006). RRC was, on the other hand, associated with a larg-
er tumor size (4.1 cm versus 5.4 cm, P=0.029). Other poor factors were 
equally distributed. Local tumor clearance was achieved in more than 95% 
of all resectable cases, without any difference in tumor location. However, 
rates of R0-resection were slightly lower in the UCC group compared to 
URC (71.8% vs. 86.1%, P=0.084). As shown in figure 2, the metastatic pat-
tern was different between the groups. The vast majority of the curative 
patients had liver metastasis (colon: 91.8%, rectal: 89.7%). Considering 
unresectable patients, RC was significantly correlated with lung metas-
tasis (P=0.002), whereas non-curative CC patients had more peritoneal 
carcinomatosis (UCC: 39.6% versus URC: 20.0%, P=0.034). 

PERIOPERATIVE AND POSTOPERATIVE OUTCOMES
Table 2 demonstrates differences in intra-operative and postoperative 
outcomes. Open surgery was the chosen approach in the majority of all 
cases. Surgical duration was significantly longer for rectal procedures in 
both groups (unresectable 142 versus 187 min, P=0.002; resectable 170 
versus 261 min, P=0.001). Metastectomy was performed in 16.4% of all 
unresectable cases, and in 80.7% of all resectable cases. Surgical removal 
of metastasis was more often performed before primary tumor resection 
in resectable rectum cancer patients (9.8% versus 27.6%), whereas resect-
able colon cancer patients underwent more two-stage procedures (21.3% 
versus 10.3%). 

Figure 1. Trend PTR
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Perioperative and postoperative outcomes 
 
Table  2  demonstrates  differences  in  intra‐operative  and  postoperative  outcomes.  Open 
surgery  was  the  chosen  approach  in  the  majority  of  all  cases.  Surgical  duration  was 
significantly  longer for rectal procedures  in both groups (unresectable 142 versus 187 min, 
P=0.002; resectable 170 versus 261 min, P=0.001). Metastectomy was performed in 16.4% of 
all unresectable cases, and  in 80.7% of all  resectable cases. Surgical  removal of metastasis 
was  more  often  performed  before  primary  tumor  resection  in  resectable  rectum  cancer 
patients  (9.8%  versus  27.6%),  whereas  resectable  colon  cancer  patients  underwent more 
two‐stage procedures (21.3% versus 10.3%).  
 
Table 2. Intra‐ and postoperative differences between colon or rectum cancer in resectable 
and unresectable cases.  
 

Patients who underwent a rectal procedure developed more com-
plications, regardless of the treatment intent. Both medical and surgical 
morbidity rates were higher, with a slight difference between unresect-
able and resectable cases. The URC group had higher rates of postopera-
tive ileus (OR: 3.46, 95% CI: 1.38 – 8.66, P=0.006), surgical site infections 
(OR: 11.28, 95% CI: 2.16 – 58.8, P=0.001), and urinary problems (OR: 4.62, 
95% CI: 1.92 – 11.12, P=0.001) compared to UCC. Short-term outcomes 
were also worse for the resectable rectal group compared to the resect-
able colon group, with a significant odds ratio for urinary problems (OR: 
10.29, 95% CI: 2.24 – 47.38, P<0.001). The higher morbidity rate in the 
rectal cohort translated to a one day longer length of stay in both groups. 
Non-elective readmission rates were nevertheless comparable. Postopera-
tive chemotherapy was given to the majority of all patients (80.0%). Since 
most resectable rectal cancer patients finished additional therapy before 
primary tumor resection, the rates of postoperative treatment in this 
group was less (70.7%, versus 91.8% RCC, P=0.003). 

SURVIVAL
Median follow-up duration was 22.2 months in the palliative cohort, and 
56.7 months in the resectable group with no difference in tumor location. 
Metastatic progression occurred more often during surveillance in the 
unresectable colon cohort (76.4% versus 55.6%, P=0.017). Figure 3 demon-
strates the metastatic pattern during follow-up, with A: new metastasis 
and B: baseline and long-term metastasis combined. The only site that 
was significantly related to primary tumor location were bone metastasis, 
which were more often found as a new metastasis in unresectable rectal 
cancer (OR: 3.07, 95% ci: 0.96 – 9.86, P=0.050). When considering the 
total metastatic pattern (Figure 3B), lung metastasis remained associated 
with unresectable rectal cancer (OR: 2.67, 95% CI: 1.23 – 5.80, P=0.012), 
and peritoneal carcinomatosis with unresectable colon cancer (OR: 2.37, 
95% CI: 1.26 – 4.47, P=0.005). 

Rates of overall and disease-specific survival were comparable, as 
were the log-rank analyses. The estimated 5-year survival in unresectable 
patients was 4.9% for CC and 3.8% for RC (P=0.921), with an expected 
higher rate for resectable cases (64.3% versus 57.1%, P=0.446). When 
analyzing the effect of morbidity on long-term outcomes, we found sig-

Figure 2. Metastatic pattern: baseline
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64 nificant better survival rates in unresectable patients who did not develop 
postoperative complications. The one-year estimated survival was 66.0% 
in patients with ≥ 1 complication(s) versus 81.0% in patients who had an 
uncomplicated treatment. The three- and five-year estimated survival was 
respectively 10.9% versus 26.6% and 0.0% versus 4.0%. P=0.042  
(Figure 4).

INDEPENDENT PREDICTORS FOR POSTOPERATIVE MORBIDITY 
AND OVERALL SURVIVAL

Patient characteristics including ASA-score, and age were contributory in 
the multivariate logistic regression model of unresectable cases, though 
not in resectable cases and therefore excluded in the latter model (Table 
3). Moreover, metastatic spread, baseline metastatic site, and pathologic 
features (TN-stage, vascular invasion, poor differentiation, etc.) were not 
correlated with postoperative morbidity in both models and thus excluded 
from the multivariate analysis. After adjustment, left-sided unresectable 
tumors did significantly better when compared to rectal tumors (OR: 0.30, 
95% CI: 0.10 – 0.95, P=0.041). Postoperative morbidity was comparable 
between rectal tumors and right-sided tumors (OR: 0.75, 95% CI: 0.25 – 
2.22, P=0.601) and transverse colon cancer (OR: 1.58, 95% CI: 0.33 – 7.62, 
P=0.569). Compared to right-sided tumors, left-sided tumors did slightly 
better (OR: 0.40, 95% CI: 0.16 – 1.05, P=0.063). Other independent predic-
tors for postoperative complications in the unresectable cohort were age 
older than 60 years (OR: 2.18, 95% CI: 1.05 – 4.52, P=0.038) and adminis-
tration of neoadjuvant treatment (OR: 2.84, 95% CI: 1.12 – 7.17, P=0.028). 

With regards to the resectable group, tumor location did not with-
stand multivariate analysis. After adjustment, odds of developing post-
operative complications were significantly higher in obese patients (OR: 
2.88, 95% CI: 1.14 – 7.27, P=0.025), a long surgical duration (OR: 2.53, 95% 
CI: 1.02 – 6.23, P=0.044), and lower when a laparoscopic approach was 
completed (OR: 0.33, 95% CI: 0.12 – 0.93, P=0.035).

Table 4 demonstrates the independent predictors for overall survival 
in both unresectable and resectable patients. Features contributory in 
the unresectable model were ASA-score, age, leukocytosis pre-operative, 
respiratory and cardiac complications, as well as adjuvant chemotherapy. 
Other factors including tumor location, surgical complications, metastatic 
pattern and spread, TN-stage and other histopathologic high-risk features 
were not correlated to overall survival in the unresectable cohort and 
therefore not included in the Cox proportional hazard model. All included 
factors, with the exception of age (above 65 years) and adjuvant chemo-
therapy, remained significant and thus independently correlated to overall 
survival. Respiratory complications, in particular, demonstrated a strong 
correlation to a shorter survival time (HR: 7.53, 95% CI: 2.79 – 20.32, 
P<0.001). 

Pathologic risk-factors, including lymph-node positive disease, EMVI 
and PNI were significant in the univariate analysis when considering re-
sectable patients. In addition to those features, obesity and sepsis postop-
erative were included in the multivariate analysis. After adjustment, BMI 
≥ 30 kg/m2 (HR: 2.34, 95% CI: 1.30 – 4.22, P=0.005) along with N+ disease 
(HR: 3.04, 95% CI: 1.50 – 6.15, P=0.002) demonstrated to be independent 
predictors for overall survival. 
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65Table 3. Multivariate analysis of factors associated with postoperative morbidity in unresectable and resectable stage IV 

colorectal cancer

 	

Unresectable cases

Patient - Event (N)

Univariate analysis Multivariate analysis

OR (95% CI) P-value OR (95% CI) P-value

Tumor location, colon

	 Rectum	 35 – 22 1.00 1.00

	 Left-sided 42 – 9 0.16 (0.06 – 0.44) <0.001 0.30 (0.10 – 0.95) 0.041

	 Transverse 11 – 6 0.71 (0.18 – 2.79) 0.623 1.58 (0.33 – 7.62) 0.569

	 Right-sided 54 - 22 0.41 (0.17 – 0.97) 0.044 0.75 (0.25 – 2.22) 0.601

ASA-score III-IV 63 – 33 2.05 (1.05 – 4.00) 0.035 1.60 (0.75 – 3.42) 0.228

Age ≥ 60 years 69 – 36 2.14 (1.10 – 4.17) 0.025 2.18 (1.05 – 4.52) 0.038

Surgical duration ≥ 180 min 53 – 28 1.91 (0.98 – 3.86) 0.056 1.83 (0.84 – 3.96) 0.126

Neoadjuvant therapy 51 – 30 2.81 (1.40 – 5.67) 0.003 2.84 (1.12 – 7.17) 0.028

Resectable cases

Patient - Event (N)

Univariate analysis Multivariate analysis

OR (95% CI) P-value OR (95% CI) P-value

Tumor location, colon

	 Rectum	 57 - 26 1.00 1.00

	 Left-sided 35 - 8 0.35 (0.14 – 0.91) 0.031 0.47 (0.17 – 1.32) 0.153

	 Transverse 2 - 1 1.19 (0.07 – 20.01) 0.903 1.13 (0.07 – 19.69) 0.934

	 Right-sided 23 - 5 0.33 (0.11 – 1.02) 0.053 0.46 (0.14 – 1.53) 0.205

BMI ≥ 30 28 - 15 3.05 (1.27 – 7.30) 0.011 2.88 (1.14 – 7.27) 0.025

Surgical duration ≥ 180 min 74 – 31 2.88 (1.22 – 6.84) 0.014 2.53 (1.03-6.23) 0.044

Laparoscopic approach 32 – 6 0.36 (0.13-0.97) 0.037 0.33 (0.12-0.93) 0.035

Table 4. Multivariate analysis of factors associated with overall survival in unresectable and resectable stage IV colorectal 
cancer

Unresectable cases

Median OS (months)

Univariate analysis Multivariate analysis

HR (95% CI) P-value HR (95% CI) P-value

ASA-score III-IV 18.2 (vs. 25.4) 1.49 (1.06 – 2.10) 0.020 1.51 (1.05 – 2.18) 0.026

Age ≥ 65 years 18.6 (vs. 25.0) 1.44 (1.01 – 2.06) 0.043 1.44 (0.98 – 2.12) 0.066

Leukocytosis pre-op 15.1 (vs. 24.6) 1.74 (1.11 – 2.72) 0.014 1.77 (1.10 – 2.83) 0.018

Respiratory complications 3.94 (vs. 23.0) 9.86 (4.06 – 23.90) <0.001 7.53 (2.79 – 20.32) <0.001

Cardiac complications 2.50 (vs. 22.7) 5.15 (1.86 – 14.23) <0.001 3.75 (1.26 – 11.20) 0.018

Adjuvant chemotherapy 24.4 (vs. 9.6) 0.58 (0.39 – 0.88) 0.008 0.76 (0.47 – 1.23) 0.266

Resectable cases

Median OS (months)

Univariate analysis Multivariate analysis

HR (95% CI) P-value HR (95% CI) P-value

BMI ≥ 30 53.7 (vs. 77.6) 1.88 (1.05 – 3.36) 0.030 2.34 (1.30 – 4.22) 0.005

Sepsis post-operative 35.3 (vs. 71.2) 4.29 (1.03 – 17.87) 0.029 1.12 (0.22 – 5.71) 0.892

N+ disease 64.5 (vs. 153.9) 2.99 (1.51 – 5.91) 0.001 3.04 (1.50 – 6.15) 0.002

EMVI 62.0 (vs. 115.2) 2.03 (1.21 – 3.43) 0.006 1.67 (0.98 – 2.84) 0.061

PNI 64.5 (vs. 79.7) 1.73 (1.03 – 2.92) 0.037 1.42 (0.77 – 2.63) 0.263
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66 Figure 3. Metastatic pattern: long-term and total

Figure 4. Kaplan Meier survival curves

Overall survival 
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67DISCUSSION

In patients with advanced disease, the ultimate intent is prolonging over-
all survival with a high quality of life. This goal is a lot easier to achieve in 
patients with resectable metastasis, because of the established survival 
benefit of primary tumor resection in this group. Unfortunately, most pa-
tients with stage IV colon and rectal cancer require a palliative approach 
and surgery in these patients remains controversial. The NCCN guidelines 
recommend surgery only in symptomatic patients, but non-curative re-
section in asymptomatic patients has been advocated by different authors 
to prevent emergency procedures and some studies suggest a survival 
benefit when surgery is performed. On the other hand, colorectal surgery 
in general is associated with high morbidity rates which are even higher 
in patients with metastatic colorectal cancer.20-21 Postoperative compli-
cations may result in delayed adjuvant therapy or even precluding post-
operative chemotherapy or radiation altogether, as noted by Hendren et 
al.22 It is to be expected that with the improvements in chemotherapeutic 
agents, the number of surgical interventions should decline. Nonetheless, 
the majority of stage IV colorectal cancer patients still undergo surgery. 8 

Therefore, the purpose of this study was to identify independent predic-
tors for postoperative morbidity and overall survival. 

The postoperative morbidity rate was 38.5%, which is in line with 
previous studies.23,24 Both surgical and medical complication rates were 
higher in the unresectable cohort and also after rectal procedures. In 
contrast to what has been reported in previous research, tumor location 
was not independently associated with postoperative morbidity.25 It is rea-
sonable to suggest that rectal procedures are correlated with higher mor-
bidity due anatomic differences. Rectal procedures are often considered 
more difficult, which is also demonstrated by the high rate of referred 
rectal patients. However, our results imply that it is not tumor location per 
se but rather surgical which is more important in predicting postoperative 
complications. This feature is often not considered, and probably related 
to the aforementioned surgical difficulties.

THE IMPACT ON POSTOPERATIVE MORBIDITY AND MORTALITY
In the curative setting, obesity, long surgical duration, and open surgery 
were independent predictors for worse short-term outcomes, whereas 
morbidity was not significantly different between various primary tumor 
locations. Considering unresectable patients, age over 60 years and pa-
tients who received neo-adjuvant treatment did significantly worse. The 
actual question is, however, not only whether morbidity impacts quality of 
life but also survival duration. Irrespective of the curability of the disease, 
the risk of postoperative morbidity and the possible impact thereof should 
always be weighed against the potential long-term benefit of primary tu-
mor removal. This decision is obviously easier in patients with resectable 
metastasis, because of the known advantage of resection on survival. 
According to our findings, the impact of postoperative morbidity on long-
term outcomes is less profound in resectable cases than unresectable 
cases. While respiratory and cardiac complications after surgery were 
independent predictors for overall survival in the palliative group, factors 
including obesity and lymph-node positive disease were determinative 
in a curative setting. Medical and surgical complications were not con-
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68 tributory in the latter model. This underscores the feasibility of primary 
tumor resection when metastasis appeared to be resectable, whereas the 
decision to perform PTR in unresectable cases requires a certain caution, 
in particular in patients with a poor performance status and respiratory or 
cardiac comorbidities, according to our results. In addition to an adequate 
pre-operative assessment, a more intense follow-up schedule could be 
considered in patients with those comorbidities. Additionally, pathologic 
outcomes were found to be of a significant impact on survival in resect-
able patients, though not in the palliative group. This may be explained by 
the high incidence of poor histopathological outcomes in the unresect-
able group which makes it less distinctive. The majority of unresectable 
patients had a T4N2 tumor (51.3%) and at least one other risk factor (vas-
cular invasion, perineural invasion, poor differentiation). Considering all 
aforementioned results, the impact on survival in unresectable patients 
is most likely a combination of a poor pre-operative status (a higher ASA-
score including respiratory and/or cardiac problems) as well as a delay in 
post-operative treatment. 

CURRENT PERSPECTIVES
Chemotherapeutic agents have improved significantly in the last two 
decades and subsequently there is an increasing trend in nonoperative 
management in advanced colorectal cancer. 8 Hu et al. conducted a pop-
ulation-based study including data from January 1988 to December 2010 
and found a notable reduction in PTR in 2001. This is most likely explained 
by the change in chemotherapeutic regimens. After 2000, FOLFOX and 
FOLFIRI became the recommended first-line chemotherapy after the results 
of several phase-III trails.26-28 In the following years, several other agents 
have received FDA approval for the treatment of advanced colorectal can-
cer demonstrating a significant survival benefit.29-33 However, despite all 
improvements in non-surgical treatment, more than 50% of all stage IV 
patients still received surgery in 2010. Our results, starting in 2004 when 
the new agents were already being used, also demonstrated a trend toward 
less resections. Though surgery still plays a significant role in asymptomatic 
stage IV colorectal patients. The importance of surgery was stressed by our 
results, demonstrating a median survival of 22.2 months in the unresect-
able cohort. Compared to recent studies, which found a median survival 
in between 16 and 23 months after surgery in asymptomatic unresectable 
stage IV colorectal patients, our results are at the high end and emphasize 
the benefit of PTR.3,5,34-37 Although significant selection bias exists in the 
studies, and patients are more likely to undergo surgery when they have a 
good performance status and metastatic disease is limited, PTR remained 
significantly associated with better outcomes after conducting multivariate 
analysis. Moreover, several meta-analyses found no association between 
surgery and patient characteristics (age or ASA-grade), which suggests 
selection bias may be confined to metastatic burden. Median age and 
comorbidity rate were comparable between our unresectable cohort and 
the patient population in previous literature. Therefore, we conclude that 
surgical resection of the primary tumor in unresectable stage IV patients is 
associated with improved survival, though, randomized controlled trials are 
needed to confirm this statement. Currently, all randomized controlled trials 
have failed to recruit enough patients and did not reach the required power. 
Yet a number of trials evaluating this topic are ongoing.38-40
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69CONCLUSION 

Primary tumor resection in advanced colorectal cancer is debatable. Al-
though our results underline the previously reported improved survival 
after resection, a high morbidity rate remains associated with surgery. 
The key-question in patients with an impaired life expectancy is not only 
whether management of the primary tumor effects survival but also to 
what extent postoperative complications might impact further treatment 
and quality of life. Our results indicate characteristics in which we may 
have to be more cautious in suggesting surgery for specific patients diag-
nosed with advanced colorectal cancer, because of the associated mor-
bidity. Moreover, the results question whether we should perform surgery 
on patients with unresectable colorectal cancer and a poor performance 
status or respiratory or cardiac comorbidities because of the associated 
mortality. Nonetheless, to truly evaluate the impact of primary tumor re-
section in advanced colon and rectal cancer randomized controlled trials 
are required.
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CHAPTER 
4

A TRANSVERSE 
COLECTOMY is AS SAFE 
AS an EXTENDED RIGHT 

or LEFT COLECTOMY 
for MID-TRANSVERSE 

COLON CANCER
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76 ABSTRACT

BACKGROUND
Although extended colectomy is often chosen for patients with transverse 
colon cancer, the optimal surgical approach for mid-transverse colon can-
cer has not been established.

METHODS
We identified patients who underwent a transverse (TC) or an extended 
colectomy (EC) for mid-transverse colon cancer between 2004-2014. To 
adjust for potential selection bias between the groups, a propensity score 
matching analysis was performed.

RESULTS
A total of 103 patients were included, of whom 63% underwent EC (right 
47%, left 17%) and 37% TC. EC patients tend to have worse short-term 
outcomes. Although fewer lymph nodes were harvested after TC, five-
year overall (OS) ad disease-free survival (DFS) was comparable between 
the groups. When comparing long-term outcomes stage-by-stage, worse 
OS and DFS were seen in stage-II. All stage-II patients died of a non-can-
cer related cause and recurrence occurred in pT4 TC patients who did not 
receive adjuvant therapy. The propensity-matched cohort demonstrated 
similar postoperative morbidity, but more laparoscopic procedures in EC. 
Additionally, TC tumors were correlated with poorer histopathological 
features and disease recurrence was only seen after TC.

CONCLUSION
Our study underlines the oncological safety of a transverse colectomy for 
mid-transverse colon cancer. Although TC tumors were associated with 
poorer histopathological features, survival rates were comparable.
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77INTRODUCTION

The transverse colon is an intraperitoneal structure and entirely encased 
in peritoneum and therefore the least fixed part of the colon. The proximal 
two-thirds of the transverse colon derives from the midgut and is perfused 
by the middle colic artery. The latter third rises out the hindgut and is 
therefore supplied by the left colic artery. Because of this embryological 
junction, this “watershed” area is sensitive to ischemia. In addition, the 
transverse colon is attached to the greater omentum and is in close prox-
imity to the upper abdominal organs, such as the liver, spleen and stom-
ach. These factors contribute to the belief that a transverse colectomy is a 
technically challenging procedure compared to either a right- or left-col-
ectomy. Consequently, transverse colectomies are often excluded from 
large prospective randomized controlled trials.1-4 

Although some studies have compared different surgical approach-
es for transverse colon cancer, the optimal surgical approach remains 
unclear. Previous research demonstrated the safety and feasibility of less 
extensive procedures.5-7 However, these studies focused on tumors lo-
cated between the distal transverse and proximal descending colon and 
not specifically on tumors in the transverse colon only. Consequently, 
they compared extended right with left colectomy or segmental versus 
extensive segmental resections rather than a comparison with transverse 
colectomy. van Rongen et al. compared transverse colectomies to extend-
ed procedures, though these results dated from two decades ago.8 Since 
knowledge is lacking about the optimal surgical approach, the decision 
whether to perform an extended colectomy or a transverse colectomy is 
based on a surgeon’s preference. Therefore, the aim of this study was to 
assess short-term technical outcomes, as well as long-term oncologic out-
comes in patients undergoing transverse colectomy for a mid-transverse 
colon cancer.

PATIENTS & METHODS

STUDY DESIGN AND POPULATION
This is a retrospective analysis of a prospectively maintained Institutional 
Review Board-approved database, including all patients who underwent 
surgery for colon cancer between 2004 and 2014 at Massachusetts Gen-
eral Hospital (n=1502). Data gathered in this database were collected from 
internal data repositories as well as the Massachusetts General Hospital 
cancer registry and the Social Security Death Index for survival data. Data 
on long-term outcomes is updated periodically by reviewing patient’s 
charts and the social security death index. Records from all consecutive 
patients undergoing either transverse colectomy or an extended resection 
for mid-transverse colon cancer were reviewed (n=103), including patient 
characteristics, clinicopathological results, and both short- and long-term 
outcomes. Patients with distant metastasis, metachronous or synchronous 
colon cancer, as well as patients operated on in an emergency setting 
were excluded. 
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The primary outcome measures were 5-year overall (OS) and disease-free 
survival (DFS), defined stage-by-stage. Secondary outcomes were his-
topathological differences and postoperative morbidity. Mid-transverse 
colon cancer was defined as a tumor located in between the hepatic and 
splenic flexure. Tumors located at one of either flexures were excluded. 
The location was based on both operative and pathology reports. The 
decision whether to use a laparoscopic or open approach was made by 
the surgeon only, based on preoperative examination and patient’s history. 
Short-term outcomes were defined as any complications within 30 days of 
surgery. The overall complication rate included all postoperative events, 
incorporating the need for blood transfusion as well. Major complications 
included anastomotic leakage, sepsis, cardiac arrest, respiratory failure 
and mortality within 30 days of surgery. Long-term oncologic outcomes 
included local and distant recurrence, DFS, and OS. Survival was calcu-
lated as time from surgery to date of death or last date of follow-up. Data 
on long-term outcomes were periodically updated by reviewing medical 
records and the social security death index. The latest review of survival 
status was on October 30, 2017.

PROPENSITY SCORE MATCHING
To minimize the impact of treatment selection bias and potential con-
founding in this retrospective study, we performed propensity score 
matching (PSM). The propensity score was calculated based on a logistic 
regression model, including age, gender, body mass index (BMI), Amer-
ican Society of Anesthesiologists (ASA) score, depth of tumor invasion, 
and nodal status. Moreover, year of surgery was included into the model 
in order to control for historical bias, which might be expected for studies 
with a long study period. After estimation of the propensity score, we 
matched the groups using 1:1 “nearest neighbor” matching of the logit of 
the propensity score with a caliper width of 0.20 of the standard deviation 
of the score.9

STATISTICAL ANALYSIS
Categorical data were presented as frequencies or percentages and 
compared using a Chi-square test. Continuous data were presented as 
the mean with a standard deviation (SD) or the median with an interquar-
tile range (IQR) according to the distribution (Kolmogorov-Smirnov and 
Shapiro-Wilk test). Differences in continuous data were assessed using 
Mann-Whitney U test. Survival analysis was determined using the Ka-
plan-Meier method and compared by log-rank testing. All analyses were 
conducted using SPSS (IBM Corp. Released 2013. IBM SPSS Statistics for 
Macintosh, Version 24.0. Armonk, NY: IBM Corp.). The threshold for statis-
tical significance was set at a two-sided P-value of < 0.05.
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79RESULTS

BASELINE CHARACTERISTICS AND  
CLINICOPATHOLOGICAL OUTCOMES	

Between 2004 and 2014, a total of 103 patients underwent elective and 
curative surgery for mid-transverse colon cancer. Baseline characteris-
tics for the complete study cohort are demonstrated in table 1. Median 
follow-up duration was 48.6 months (range 19.5-73.5). TC was performed 
in 38 (36.9%) patients and 65 (63.1%) patients underwent EC resection. 
The majority of the latter group had an extended right colectomy (n=48, 
73.8%). Figure 1 displays that despite a stable incidence of mid-transverse 
colon cancer, the number of transverse colectomies decreased over the 
study period. In the first half of our study, 60.5% of all mid-transverse re-
sections were transverse colectomies, while this was 39.5% in the second 
half. 

Table 1. Demographics for all patients with primary mid-transverse colon cancer (n=103)

N (%)

Age, years 68.62 (±14.19)

ASA-score 2.36 (±0.52)

Gender

	 Female 50 (48.5%)

	 Male 53 (51.5%)

Surgical characteristics

Approach

	 Open 66 (64.1%)

	 Laparoscopic 37 (35.9%)

Procedure

	 Transverse colectomy 38 (36.9%)

	 Extended right 48 (46.6%)

	 Extended left 17 (16.5%)

Pathological characteristics

AJCC-stage	

 
	 I 32 (31.1%)

	 II 50 (48.5%)

	 III 21 (20.4%)

Tumor grade

	 Poor 14 (13.6%)

	 Well/moderate 81 (78.6%)

	 Not tested 8 (7.8%)

Follow-up duration, months 48.6 (19.5-73.5)

Proportions are presented for categorical data, median with IQR for follow-up duration, means with SD for all 
other continuous data.   
Abbreviations: ASA, American Society of Anesthesiologists classification; AJCC, American Joint Committee 
on Cancer

Clinicopathological differences between the groups are demonstrated in 
table 2. There were no differences with regards to baseline demograph-
ics, only a tendency toward older patients in the TC group (75.4 vs. 68.6 
years). Although tumor size was not different between the two approach-
es, colonic resection length was significantly longer in the EC group (me-
dian 25 vs. 34 cm, P0.001). In addition, the number of harvested lymph 
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Clinicopathological differences between the groups are demonstrated in table 2. 
There  were  no  differences  with  regards  to  baseline  demographics,  only  a  tendency 
toward older patients in the TC group (75.4 vs. 68.6 years). Although tumor size was not 
different between the two approaches, colonic resection length was significantly longer 
in  the  EC  group  (median  25  vs.  34  cm,  P0.001).  In  addition,  the number of  harvested 
lymph nodes was also greater after EC (median 17 vs. 25, P<0.001). Tumor staging was 
equally distributed between the surgical approaches, with the exception of slightly more 
T4  tumors  in  the EC group. Overall,  the majority were staged as  lymph‐node negative 
T3‐disease (AJCC  IIa: N=32, 31.0%). R0‐resection was achieved  in comparable numbers 
(TC: 94.7% vs. EC 96.9%, P0.287). The presence of microsatellite instability was found to 
be  different  (P0.047),  with  more  high  microsatellite  instability  (MSI‐H)  in  EC  tumors 
(2.6%  vs.  15.4%)  and  more  stable  MSI  in  TC  tumors  (21.1%  vs.  9.2%).  Other  poor 
histological  outcomes,  such  as  tumor  grade,  extramural  vascular  invasion, 
lymphovascular invasion and perineural invasion were similar between the groups.  

 
Table 2. Clinicopathological differences between transverse colectomy and extended 
colectomy, before (n=103) and after (n=64) propensity score matching 
       
    Before PSM  A

     Transverse colectomy  Extended colectomy  P‐value  Transverse colectomy
  N = 38 (36.9%)  N = 65 (63.1%)    N = 32 (50%) 
Age  75.4 (61.6‐82.2)  68.6 (57.7‐81.1)  0.795  78.2 (67.3‐82.3) 
Male gender  47.4  53.8  0.526  50.0 
ASA  2.32 ±0.56  2.44 ±0.50  0.197  2.43 ±0.51 
BMI, kg/m2  26.6 (24.0‐32.1)  27.2 (23.8‐29.6)  0.337  26.6 (24.6‐31.9) 
Ethnicity      0.533   
  Caucasian  84.2  90.8    81.3 
  African American  10.5  3.1    12.5 
  Others  5.2  6.1    6.2 
Prior abdominal surgery  44.7  52.3  0.458  50.0 

nodes was also greater after EC (median 17 vs. 25, P<0.001). Tumor staging 
was equally distributed between the surgical approaches, with the ex-
ception of slightly more T4 tumors in the EC group. Overall, the majority 
were staged as lymph-node negative T3-disease (AJCC IIa: N=32, 31.0%). 
R0-resection was achieved in comparable numbers (TC: 94.7% vs. EC 
96.9%, P0.287). The presence of microsatellite instability was found to be 
different (P0.047), with more high microsatellite instability (MSI-H) in EC 
tumors (2.6% vs. 15.4%) and more stable MSI in TC tumors (21.1% vs. 9.2%). 
Other poor histological outcomes, such as tumor grade, extramural vascu-
lar invasion, lymphovascular invasion and perineural invasion were similar 
between the groups. 

PERIOPERATIVE OUTCOMES
Differences in operative and short-term outcomes are demonstrated in 
table 3. Laparoscopic surgery was performed in one-third of our study 
cohort. However, the use of laparoscopic surgery increased over the study 
period and 73% of all laparoscopic procedures were performed in the 
last five years of the study. Moreover, while the use of minimally invasive 
surgery increased in both groups the difference between the first and 
second half of the study was even greater in the EC group (15% to 51% in 
the last five years; TC 26% to 46%). Concerning perioperative differences 
between the groups, EC patients were admitted two days longer (5 vs. 
7 days) and tended to have a higher complication rate (39.5% vs. 49.1%). 
This was mainly explained by a tendency toward more postoperative ileus 
(10.5% vs. 16.9%, P0.375) and a higher requirement for blood transfusion 
after EC (18.4% vs. 29.2%, P0.223). The occurrence of a major compli-
cation was rare and not different between both groups (5.3% vs. 6.2%, 
P0.852). Also, the rate of minor complications such as wound infection as 
well as readmission rates (5.3% vs. 7.7%, P0.636) were low and comparable. 

Figure 1. Distribution of surgery for mid-transverse colon cancer 
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81Table 2. Clinicopathological differences between transverse colectomy and extended colectomy, before (n=103) and after 
(n=64) propensity score matching

Before PSM After PSM

Transverse  
colectomy

Extended  
colectomy P-value

Transverse  
colectomy

Extended  
colectomy P-value

N = 38 (36.9%) N = 65 (63.1%) N = 32 (50%) N  = 32 (50%)

Age 75.4 (61.6-82.2) 68.6 (57.7-81.1) 0.795 78.2 (67.3-82.3) 67.5 (63.2-80.9) 0.615

Male gender 47.4 53.8 0.526 50.0 62.5 0.313

ASA 2.32 ±0.56 2.44 ±0.50 0.197 2.43 ±0.51 2.29 ±0.46 0.428

BMI, kg/m2 26.6 (24.0-32.1) 27.2 (23.8-29.6) 0.337 26.6 (24.6-31.9) 28.2 (24.0-31.9) 0.314

Ethnicity 0.533 0.864

	 Caucasian 84.2 90.8 81.3 87.5

	 African American 10.5 3.1 12.5 6.3

	 Others 5.2 6.1 6.2 6.2

Prior abdominal surgery 44.7 52.3 0.458 50.0 53.1 0.802

Symptoms 55.3 63.1 0.434 50.0 59.4 0.451

Alcohol abuse 7.9 10.8 0.634 6.3 15.6 0.230

Smoking 5.3 10.8 0.340 3.1 6.3 0.554

AJCC-stage 0.573 0.715

	 I 26.3 33.8 31.3 34.4

	 II 55.3 44.6 53.1 43.8

	 III 18.4 21.5 15.6 21.9

Depth of invasion 0.608 0.823

	 T1 18.4 21.5 21.9 25.0

	 T2 10.5 15.4 12.5 15.6

	 T3 50.0 35.4 46.9 37.5

	 T4 21.1 27.7 18.8 21.9

Nodal status 0.976 0.653

	 N0 81.6 80.0 84.4 81.3

	 N1 13.2 13.8 9.4 15.6

	 N2 5.3 6.2 6.3 3.1

Tumor grade 0.313 0.021

	 Poor 15.8 12.3 15.6 0.0

	 Well/moderate 81.6 76.9 81.3 84.4

	 Unknown 2.6 10.8 3.1 15.6

Tumor histology 0.266 0.375

	 Adenocarcinoma NOS 89.5 73.8 90.6 78.1

	 Signet-ring cell 0.0 3.1 -- --

	 Mucinous 5.3 12.3 3.1 9.4

	 No residual 5.3 10.8 6.2 12.5

EMVI 21.1 20.0 0.898 18.8 18.8 1

LVI 34.2 33.8 0.970 25.0 28.1 0.777

Perineural invasion 10.5 10.8 0.969 9.4 0.0 0.076

MSI 0.047 0.181

	 High 2.6 15.4 3.3 6.3

	 Stable 21.1 9.2 21.9 6.3

	 Unknown 76.3 75.4 75.0 87.5

Tumor size 3.6 (2.6-7.1) 4.7 (2.5-7.0) 0.525 3.6 (2.6-7.1) 4.9 (2.3-6.8) 0.364

Resection length 25.0 (14.5-30.5) 34.0 (25.0-44.3) 0.001 24.0 (14.5-31.5) 37.5 (24.8-48.8) 0.005

No LN harvested 17 (12-24) 25 (20-33) <0.001 17 (12-24) 22 (14-32) 0.060

LN >12 84.2 92.3 0.199 84.4 84.4 1

R0-resection 94.7 98.5 0.278 93.8 96.9 0.554

Abbreviations: ASA: American Society of Anesthesiologists, BMI: Body Mass Index (kg/m2), AJCC: American Joint Commit-
tee on Cancer, EMVI: extramural vascular invasion, LVI: lymphovascular invasion, MSI: microsatellite instability 
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LONG-TERM ONCOLOGICAL OUTCOMES
Median follow-up duration was 48.6 months. Long-term oncological out-
comes, including disease recurrence, administration of adjuvant chemo-
therapy and survival status were similar after TC and EC (Table 3). Figure 
2 demonstrates the Kaplan-Meier survival curves. The estimated overall 
survival rate 5-years after surgery was 78.8% for the TC group, and 73.5% 
for the EC group (P0.992); the 5-year DFS rate was 87.0% versus 90.1%, 
respectively (P0.924). When comparing long-term outcomes stage-by-
stage, TC patients with stage-II disease tended to have a poorer overall 
(76.4% vs. 87.4%, P0.284) and disease-free survival (88.4% vs. 100%, 
P0.122). Baseline characteristics for stage-II patients were similar between 
the two groups compared to the overall cohort (median age: TC 68.6 vs. 
EC 68.6 years; ASA-score: TC 2.3 vs. EC 2.3), but differences in postoper-
ative treatment were more clarifying. Despite the small numbers in our co-
hort, there was a trend toward less adjuvant chemotherapy in pT4 stage-II 
TC patients (33.3% vs. 72.7%). The worse OS in the stage-II TC group 
was explained by differences in pre-existing comorbidity. In addition, two 
stage-I patients were diagnosed with recurrent disease in their follow-up. 
Both patients underwent an extended colectomy, but a R0 resection was 
not achieved.  

PROPENSITY SCORE MATCHING
After propensity score matching, we repeated the bivariate analysis. A 
total of 64 patients were included, with comparable baseline and clini-
cal demographics. Although T- and N-stage was equally distributed, TC 
tumors tend to have poorer histological outcomes, including perineural 
invasion, poor differentiation, and stable microsatellite instability. The dif-
ference in specimen length and harvested lymph nodes remained greater 
for extended procedures after matching. However, the number of cases 
where ≥ 12 lymph nodes were retrieved was comparable. Regarding peri-
operative outcomes, a laparoscopic approach was used more often for EC 
procedures (34.4% vs. 43.8%, P0.442). The disparity in surgical approach 
became larger over the study period. In the second half of the study 73.3% 
of all EC were laparoscopic procedures compared to 42.9% TC (P0.096). 
Short-term outcomes, including length of stay (P0.903), complication 
rate (P1.000) and rate of readmission (P0.641) and mortality (P0.313) were 
comparable. 

Median follow-up duration was longer than five years in both groups 
(TC: 68.2, EC 63.9 months). TC tumors were associated with disease re-
currence. While no local recurrence was found in the PSM cohort, distant 
recurrence occurred only after TC (12.5%). In addition, despite similarity 
in staging, administration of adjuvant chemotherapy was more common 
after EC (12.5% vs 28.1%). Kaplan Meier curves displayed an estimated 
5-year OS of 78.5% after TC versus 81.3% after EC (P0.418). However, 
worse DFS was emphasized after log-rank testing (TC: 84.9% vs. EC: 
100%, P0.050) (Figure 2). When comparing stage-by-stage, OS and DFS 
tend to be worse for stage-II and stage-III TC patients. Two patients with 
node-negative disease, but poor histology including LVI and stable MSI, 
developed distant recurrence. These two patients did not receive adjuvant 
chemotherapy in contrast with the other two patients who developed 
distant metastasis. They both had node-positive disease, with either EMVI 
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84 and LVI or stable MSI. Three of the four procedures were laparoscopic 
procedures. Regarding overall survival, TC patients did worse because of 
a higher pre-existing comorbidity.  

DISCUSSION

Transverse colon cancer is a relatively uncommon occurrence, accounting 
for approximately 10% of all colon cancers.10 The surgical approach for this 
tumor location is frequently based on a surgeon’s preference. Due to po-
tential vascular insufficiency, the extent of lymphadenectomy around the 
middle colic artery, mobilization of both flexures and proximity to upper 
abdominal organs, a transverse colectomy is often considered a technical-
ly challenging procedure. This contributed to the belief that a transverse 
colectomy is possibly not as safe as an extended right or left colectomy. 
Furthermore, transverse colon cancer is often excluded from previous 
large trials due to its low incidence and the even lower proportion of 
transverse colectomies. Therefore, the optimal surgical procedure for a 
tumor in this location is not established. 

The present study assessed several key outcomes in the comparison 
of transverse colectomy and extended resection in stage I-III mid-trans-
verse colon cancer. Although the incidence of mid-transverse colon can-
cer remained stable over the study period, we found a decreasing trend 
in the proportion of transverse colectomies. A transverse colectomy was 
mainly used in stage-II disease, while stage-I and stage-III patients were 
more often surgically treated with EC resection. The higher number of 
harvested lymph nodes in the EC group, which was previously correlated 
with better long-term outcomes 11, might be an obvious explanation for the 
preference of EC in advanced disease. Previous studies demonstrated that 
a greater specimen length is correlated with lymph node yield. However, 
resection length per se is not correlated with better outcomes.12 In addi-

Figure 2 Cumulative overall survival and disease-free survival between transverse colectomy and extended 
colectomy for mid-transverse colon cancer, before and after propensity score matching
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85tion, Stracci et al concluded that lengths of less than 20 cm are associated 
with a high risk of inadequate lymph node harvest and might lead to over-
treatment.13 Although specimen length and the number of retrieved lymph 
nodes were remarkable smaller after TC, the outcomes were higher than 
the minimum required length. While the optimal number of lymph nodes 
required for adequate staging is argued, the reliance on guidelines which 
recommend a minimum of 12 is maintained and the numbers in our study 
are in line with this recommendation. 

Laparoscopic surgery was performed in about one third of the study 
population, in both TC and EC procedures. However, there was a notice-
able increase in the number of minimally invasive procedures over time in 
our study. While the rates of laparoscopic surgery increased in both TC 
and EC, the difference was even greater in the EC group with an average 
laparoscopy rate of 15% in the first half of the study period to 51% in the 
latter. Nonetheless, short-term outcomes were comparable between the 
two groups, with only a tendency toward a longer length of stay, more 
postoperative ileus and a higher need for blood transfusion. The higher 
number of laparoscopic procedures in the EC group might be a reason-
able explanation for the comparable short-term outcomes, since minimal-
ly invasive surgery is associated with lower morbidity rates.1,3 One would 
assume that when transverse laparoscopic surgery becomes more ac-
ceptable in the treatment of transverse colon cancer, morbidity rates will 
decrease for TC. Several studies demonstrated the safety and feasibility of 
minimally invasive surgery for transverse colon cancer 14-16, yet the use of 
laparoscopic surgery for TC remains relatively low.  

Regarding histopathological outcomes after propensity-score match-
ing, we found more perineural invasion, poor differentiation, and stable 
microsatellite-instability in the TC group. All these factors have been 
found to be poor prognostic factors in colon cancer. 17-19 However, despite 
the presence of these three poor prognostic factors in TC patients, we did 
not find a remarkable difference in long-term outcomes. Previous studies 
described 5-year overall survival rates for patients with transverse colon 
cancer ranging between 87.7% and 93.7% in stage-II disease and 64.2% to 
89.7% in stage-III.20-23 Disease free survival rates were slightly worse with a 
range of 85.5% to 94.4% in stage-II disease and 53.3% to 79.0% in stage-III 
disease. Rates of DFS were in line with our study, but this study had a low-
er overall survival rate. This might be explained by the higher average age 
in our study cohort. Furthermore, this study included only mid-transverse 
colon cancers, which are associated with poorer outcomes.24 

To our knowledge, only one study has compared long-term outcomes 
between transverse colectomy and extended colectomy.25 Chong et al 
found a comparable 5-year DFS estimate (TC 89.8%, EC 85.0%), but a 
slightly better OS in comparison to this study (TC 84.3%, EC 86.6%). How-
ever, the study by Chong did not clarify what was defined as a transverse 
colon cancer. One would presume that due to the low incidence of trans-
verse colon cancer, they included both hepatic flexure and splenic flexure 
in the cohort. Higher overall survival could be explained by the inclusion 
of hepatic flexure tumors, as well as the younger median age in their co-
hort (60.5 vs. 68.6 years in present study). 

Our study has several limitations. Despite prospectively collecting our 
data, a chance of bias is inherent to the retrospective design. Confounding 
was minimized by conducting propensity-score matching analysis. How-
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86 ever, the decision whether to perform a TC or a more extensive procedure 
was solely based on a surgeon decision. Since all our surgeons are highly 
trained in colorectal procedures, we assume that this factor is not as con-
founding as the known prognostic clinicopathological features. Finally, 
interpretation of our results should be interpreted with care due to the 
low incidence of mid-transverse colon cancer and thus the relatively small 
numbers of patients in this study. However, to our knowledge, our study 
presents one of the few analyses of both short- and long-term outcomes 
between different surgical procedures for mid-transverse colon cancers. 

CONCLUSION

Our study underlines the oncological safety of a transverse colectomy for 
stage I-III mid-transverse colon cancer. Despite a higher rate of open sur-
gery in TC, postoperative morbidity was comparable. An increase in min-
imally invasive surgery is expected to lead to better short-outcomes and 
therefore may lead to more use of a transverse colectomy. 
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CHAPTER 
5

Is there a DRAWBACK 
of CONVERTING 

a LAPAROSCOPIC 
COLECTOMY in 

COLON CANCER?
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90 ABSTRACT 

BACKGROUND
Laparoscopic resection is well-established in the treatment of colon can-
cer. However, conversion rates remain high and the impact of conversion 
is disputed. 

MATERIAL AND METHODS
We retrospectively identified 1347 patients who underwent surgery for 
colon cancer between 2004-2014 at our tertiary center. Morbidity and 
oncological outcomes were compared between patients who underwent 
successfully completed laparoscopic surgery (LS), planned open surgery 
(OS), and conversion to open surgery (CS). Long-term analysis included 
patients with stage I-III disease. In addition, we performed propensity 
score matching (PSM) to adjust for the heterogeneity and selection bias 
between the treatment groups. 

RESULTS
Of all patients, 505 underwent LS, 789 OS, and 53 CS, which correspond-
ed to a conversion rate of 9.5%. Conversion was associated with male 
gender, left-sided tumors, and stage-III disease. Length of stay, morbidity 
and readmission rates were lower for LS patients. Kaplan-Meier curves 
demonstrated worse overall, disease-specific, and disease-free survival 
in CS than LS, with similar outcomes to OS. However, after PSM, CS was 
only associated with admission duration and the requirement of blood 
transfusion while survival outcomes were comparable between all groups. 

CONCLUSIONS 
CS is associated with adverse short- and long-term outcomes compared 
to LS. However, when accounting for differences in baseline and patho-
logic features, CS remained only associated with a longer length of stay 
and more blood transfusions. Since outcomes were comparable between 
CS and OS, regardless of stage and other risk factors, our data supports a 
surgeon’s attempt to perform LS in patients with colon cancer. 



IS
 T

H
E

R
E

 A
 D

R
A

W
B

A
C

K
 O

F C
O

N
V

E
R

T
IN

G
 A

 L
A

PA
R

O
S

C
O

P
IC

 C
O

LE
C

T
O

M
Y

 IN
 C

O
LO

N
 C

A
N

C
E

R
?

91INTRODUCTION

Laparoscopic surgery is frequently used in the treatment of colon cancer. 
Large multicenter randomized controlled trials have demonstrated the 
safety and feasibility of a minimally invasive approach in colon cancer, 
with less postoperative morbidity, shorter length of stay, reduced costs 
1–5, and comparable long-term oncological outcomes in comparison to 
open surgery.4–9 Although laparoscopic surgery is often performed when 
technically feasible, many cases require conversion to open surgery due 
to tumor size, inability to dissect off of adjacent organs or intraoperative 
complications. Numerous factors associated with increased odds of con-
version have been described, including patient and tumor-related factors 
such as age, obesity, and advanced stage of disease, as well as proce-
dure-related factors including transverse colectomy, emergency proce-
dures 10-12, and surgeon experience.13-14 Despite significant improvements in 
laparoscopic surgery, a high rate of conversion to open surgery still exists, 
with an estimate of 9-17% in more recent studies.8,12,15-17 

The impact of conversion to open surgery is disputed. Previous stud-
ies suggested a higher rate of postoperative morbidity associated with 
conversion in comparison to laparoscopic surgery 2,16-18, whereas others 
demonstrated comparable outcomes. 15,19-20 To truly identify the effect 
of conversion, a more relevant comparison would be between planned 
open surgery and converted procedures. However, only a few studies ad-
dressed this topic since most placed converted patients in the laparoscop-
ic group, on an “intention-to-treat” basis. Some studies suggested worse 
outcomes in terms of postoperative morbidity 2,21, while others found com-
parable 30-day morbidity 17,22-23, or even improved short-term outcomes.12,24 
In addition, only a few studies focused on long-term outcomes and results 
suggested that conversion is associated with adverse long-term oncologi-
cal outcomes.20,25

The purpose of this study was to evaluate the impact of conversion 
to open surgery on both short- and long-term outcomes in comparison 
to patients who underwent a successfully completed laparoscopic or 
planned open surgery for colon cancer in a tertiary center with highly ex-
perienced laparoscopic colorectal surgeons. 

MATERIALS AND METHODS

STUDY DESIGN AND PATIENTS
Data for this study was extracted from a prospectively maintained, In-
stitutional Review Board-approved database that includes a consecutive 
cohort of all surgically treated patients for colon cancer at Massachusetts 
General Hospital from 2004 through 2014. Informed consent was waived 
by the IRB as the research involves no more than minimal risk. All emer-
gent cases were excluded (n=152). The remaining 1347 cases were includ-
ed for subsequent analysis and categorized into three groups: patients 
who had successfully completed laparoscopic surgery (LS), required con-
version to open surgery (CS), or underwent planned open surgery (OS). 

Patient characteristics, perioperative details, pathology features and 
both short- and long-term outcomes were reviewed. Short–term outcomes 
included length of stay, rate of readmission, complications during and 
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comes included local and distant recurrence rates, overall survival (OvS), 
disease-free survival (DFS), and disease-specific survival (DSS). Data on 
long-term outcomes were updated periodically by reviewing patient’s re-
cords and the Massachusetts General Hospital cancer registry. The long-
term analysis included only patients with AJCC stage I-III disease. 

Minimally invasive surgery was introduced in our institution in the 
early ’90s, and therefore commonly used throughout our study period. 
All procedures were performed by high-volume surgeons, who were very 
experienced in performing minimally invasive surgery in colorectal cancer. 
The decision as to whether to use an open or laparoscopic approach was 
purely surgeon’s preference. Laparoscopic surgery was defined as any 
resection performed laparoscopically that did not require conversion to 
open surgery, excluding robotic assisted procedures. Anastomoses could 
be performed either extra- or intra-corporeally. Open surgery was classi-
fied as such when the procedure was planned and performed in an open 
fashion. Conversion was defined as a procedure that began laparoscopi-
cally but required proceeding to an open approach, for numerous reasons. 
Surgical procedures were classified into right-sided (including cecum, 
ascending and hepatic flexure), transverse, left-sided (including splenic 
flexure and descending colon), and sigmoid resections.

To adjust for the heterogeneity and selection bias between the treat-
ment groups, propensity-matched cohort was created. The propensity 
score was calculated based on a logistic regression model, including age, 
gender, American Society of Anesthesiologists (ASA) score, body mass in-
dex (BMI), American Joint Committee on Cancer (AJCC) stage, and tumor 
size. In addition, we included year of surgery to control for historical bias. 
We assessed the three possible contrasts (LS vs. CS; CS vs. OS; LS vs. OS) 
separately and estimated a propensity score for each comparison group. 
Matching was done in a 1:1 nearest neighbor matter with a caliper width of 
0.02 on the propensity score scale.26-27 

STATISTICAL ANALYSIS
Continuous variables are presented as the mean with standard deviation 
(±SD) or the median and interquartile range (IQR) and were analyzed using 
the Mann-Whitney U test. Categorical variables are presented as the per-
centages of patients compared by the Chi-square (χ2) test. Survival-analy-
ses were performed with Kaplan-Meier curves, using a log-rank test, and 
included only patients with AJCC stage I-III disease. A multivariate Cox 
regression analysis was performed to identify predictive factors for poor 
overall (OvS) and disease-free survival (DFS). Explanatory variables with 
univariate P-values ≤ 0.200 were included in the multivariate analysis. The 
results are reported as hazard ratios (HR) with a 95% confidence interval 
(CI). In addition, we assessed morbidity and mortality rates in the propen-
sity weighed cohort and performed multivariate analysis for this group 
separately. The threshold for statistical significance was set at a two-sided 
P-value of 0.05 or less. All statistical analyses were performed using SPSS 
(Version 24.0; SPSS Inc, Chicago, IL, USA).
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93RESULTS

A total of 1347 patients underwent elective surgical treatment for colon can-
cer between 2004 and 2014, of whom 505 (37.5%) underwent laparoscopic 
surgery, 789 (58.6%) open surgery, and 53 (3.9%) required conversion to 
open surgery. This corresponds to a conversion rate of 9.5%. The number 
of patients undergoing LS increased slightly over time, from 38.7% in the 
first half of the study to 44.1% in the latter. The conversion rate was higher 
in the earlier years of the study, with an average of 11.6% in the first half to 
7.7% in the latter (Figure 1). The main reasons for conversion were adhesions 
(24.5%), tumor size (13.2%), tumor adherence (13.2%), poor visualization 
(7.5%), access or location of tumor (7.5%), bleeding (5.7%). 

BASELINE AND PATHOLOGIC CHARACTERISTICS
Conversion was significantly associated with male-gender, higher ASA-
score, alcohol abuse or smoking compared to LS. Other than gender, we 
found no differences in baseline characteristics between CS and OS pa-
tients (Table 1). In addition, left-sided tumors required significantly more 
conversions (P0.032), and there was a trend toward more conversion for 
transverse tumors (13.2% vs. 7.3%, P0.132). The majority of the CS patients 
had advanced disease, with significantly more lymph-node positivity com-
pared to LS tumors (P0.026). Extramural vascular invasion (EMVI), lym-
phovascular invasion (LVI), and perineural invasion were also correlated 
to CS tumors compared to LS. Pathologic features were comparable with 
OS tumors, with the exception of more stage-III and less stage-I tumors 
in CS patients. As indicated before, size of tumor was associated with 
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of the study, with an average of 11.6% in the first half to 7.7% in the latter (Figure 1). The main 
reasons for conversion were adhesions (24.5%), tumor size (13.2%), tumor adherence (13.2%), 
poor visualization (7.5%), access or location of tumor (7.5%), bleeding (5.7%).  
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longer colonic specimen length was retrieved after conversion than LS 
(median 22 vs. 27 cm, P0.020), fewer lymph-nodes were harvested (21 vs. 
18, P0.009). Tumor size (4.5 vs. 4.0 cm) and resection length (27 vs. 23 cm) 
were non-significantly larger after conversion compared to OS.

Table 1. Baseline and pathologic characteristics

Laparoscopic 
surgery Conversion Open

P-value  
LS vs CS

P-value 
OS vs CS

n = 1347 505 (37.5%) 53 (3.9%) 789 (58.6%)

Age 64.5 (52.8-75.4) 68.5 (60.1-78.1) 68.6 (57.0-79.5) 0.060 0.929

Male gender 245 (48.5%) 35 (66.0%) 392 (49.7%) 0.015 0.021

BMI 26.4 (23.2-30.0) 27.4 (24.9-30.6) 26.6 (23.0-31.6) 0.063 0.193

ASA 2.21 (±0.53) 2.45 (±0.64) 2.44 (±0.58) 0.004 0.918

Alcohol abuse 26 (5.1%) 7 (13.2%) 63 (8.0%) 0.018 0.182

Smoker, ever 223 (44.2%) 31 (58.5%) 426 (54.0%) 0.046 0.525

Prior abdominal surgery 171 (33.9%) 23 (43.4%) 374 (47.4%) 0.166 0.572

Tumor location

	 Right-sided 290 (57.4%) 26 (49.1%) 476 (60.3% 0.242 0.105

	 Transverse 37 (7.3%) 7 (13.2%) 84 (10.6%) 0.132 0.561

	 Left-sided 41 (8.1%) 9 (17.0%) 78 (9.9%) 0.032 0.100

	 Sigmoid 168 (33.3%) 16 (30.2%) 206 (26.1%) 0.650 0.514

Stage

	 0 23 (4.6%) 2 (3.8%) 30 (3.8%) 0.794 0.992

	 I 158 (31.3%) 6 (11.3%) 181 (22.9%) 0.002 0.049

	 II 141 (27.9%) 14 (26.4%) 240 (30.4%) 0.816 0.539

	 III 142 (28.1%) 22 (41.5%) 193 (24.5%) 0.042 0.006

	 IV 41 (8.1%) 9 (17.0%) 145 (18.4%) 0.032 0.799

T4 tumor 79 (15.6%) 12 (22.6%) 186 (23.6%) 0.190 0.877

N+ 179 (35.4%) 27 (50.9%) 318 (40.3%) 0.026 0.127

M+ 18 (3.6%) 5 (9.4%) 82 (10.4%) 0.041 0.824

High Grade 68 (13.5%) 11 (20.8%) 154 (19.5%) 0.148 0.826

EMVI 114 (22.6%) 21 (39.6%) 247 (31.3%) 0.006 0.208

LVI 153 (34.7%) 22 (52.4%) 248 (40.4%) 0.023 0.127

Perineural invasion 83 (16.4%) 16 (30.2%) 175 (22.2%) 0.013 0.178

Resection length, cm* 22 (16-28) 27 (19-36) 23 (17-30) 0.020 0.156

LN examined 21 (16-28) 18 (13-26) 19 (14-28) 0.009 0.320

Tumor size 3.9 (2.2-5.5) 4.5 (3.2-6.8) 4.0 (2.5-6.0) 0.030 0.091

R0-resection 479 (94.9%) 47 (88.7%) 724 (91.8%) 0.066 0.434

Proportions are presented for categorical data, means with SD for ASA-score, and median with IQR for all 
other continuous data.  
Abbreviations: BMI: Body Mass Index (kg/m2), ASA: American Society of Anesthesiologists; EMVI: extramu-
ral vascular invasion; LVI: lymphovascular invasion 
* Missing data: Resection length, n=867 ; Tumor size n=1290

INTRA-AND POSTOPERATIVE OUTCOMES
All perioperative outcomes are shown in Table 2. Median duration of op-
eration in the CS group (180 minutes) was significantly longer than in both 
LS (130 min, P<0.001) or OS (119 min, P<0.001). Although the number of 
prior abdominal surgeries was comparable, conversion was associated 
with the presence of more adhesions (LS P0.002, OS P0.013). Additional-
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95ly, more multivisceral resections were performed in CS and OS patients 
(P<0.001 compared to LS). 

Regarding postoperative morbidity, CS was associated with sig-
nificantly worse short-term outcomes than LS patients. Length of stay 
(median 3 vs. 4 days, P<0.001), rates of in-hospital complications (21.2% 
vs. 41.5%, P0.001), and readmission rates (3.4% vs. 11.3%, P0.006) were 
higher after CS. More specifically, requirement for blood transfusion, and 
the number of patients with sepsis was significantly higher after CS than 
LS (P<0.001, P0.006, respectively). Compared to OS patients, outcomes 
were more comparable. However, conversion was correlated with more 
intra-abdominal abscesses/leaks, transfer to the ICU, and a higher rate 
of surgical site infections compared to both LS (P0.001, P<0.001, P0.001, 
respectively) and OS (P0.006, P0.047, P0.017, respectively). On the other 
hand, postoperative ileus tended to occur more often after OS than CS 
(5.7% vs. 12.7%, P0.131). Rates of reoperation as well as mortality rates 
were comparable (CS: 1.9% vs. LS: 0.6%, P0.289; vs. OS: 1.0%, P0.550).

The overall administration of adjuvant chemotherapy was not dif-
ferent between the groups. However, when analyzing stage-by-stage 
stage-III OS patients received less chemotherapy compared to stage-III LS 
patients (LS: 83.8% vs. OS: 68.2%, P0.002). A tendency toward less che-
motherapy for stage-III CS patients was found (LS: 83.8% vs. CS: 69.4%, 
P0.078). This difference was on the one hand explained by differences in 
baseline characteristics, since 33.8% of all non-adjuvantly treated stage-
III OS patients and 28.6% of stage-III CS patients underwent surveillance 
instead of chemotherapy due to a high comorbidity rate or age. How-
ever, the main reason for chemotherapy omission was patient’s refusal, 
accounting for the majority in the CS cohort (57.1%) and 37.3% of the OS 
group. The median age in this cohort was 79.8 years. Moreover, 48.0% of 
all stage-III patients who declined further treatment developed a compli-
cation after surgery, ranging from more general events (including cardiac, 
respiratory and renal) in the OS group to anastomotic leakage and the 
need for reoperation in the CS group. 

LONG-TERM OUTCOMES
Only patients with AJCC stage I-III disease were included for the long-
term analysis (n=1097). Median follow-up duration was 47.8 months, and 
significantly longer for OS patients than LS patients (LS: 42.2 vs. CS: 49.2 
vs. OS: 53.7 months, P<0.001). CS and OS patients had higher recurrence 
rates compared to LS patients (LS: 9.8% vs. CS: 21.4%, P0.020; vs. OS: 
14.7%, P0.018). This difference was mainly explained by a greater differ-
ence in distant metastases in CS patients than LS patients (9.8% vs. 19.0%, 
P0.061) and a significantly higher rate of local recurrence after OS (0.5% 
vs. 2.3%, P0.017). 

Kaplan-Meier survival curves emphasized the worse long-term out-
comes for CS patients compared to LS patients (Figure 2). A poor progno-
sis was demonstrated in OvS (estimate 5 year: 86.2% vs. 70.5%, P<0.001), 
DSS (95.1% vs. 87.7%, P0.001), as well as DFS (86.7% vs. 75.6%, P0.022). 
All three long-term outcomes were also worse after OS compared to LS, 
whereas the outcomes were similar between CS and OS. When analyzing 
overall and disease-free survival stage-by-stage, we found significantly 
worse OvS after CS compared to LS in stage-I (91.0% vs. 80.0%, P0.026), 
and a tendency toward worse outcomes in stage II and III (P0.061, P0.060, 
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P0.018). This difference was mainly explained by a greater difference in distant metastases in 
CS patients than LS patients (9.8% vs. 19.0%, P0.061) and a significantly higher rate of local 
recurrence after OS (0.5% vs. 2.3%, P0.017).  
 
Figure 2. Kaplan‐Meier curves for overall, disease‐free, and disease‐specific survival 
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(estimate 5 year: 86.2% vs. 70.5%, P<0.001), DSS (95.1% vs. 87.7%, P0.001), as well as DFS 
(86.7% vs. 75.6%, P0.022). All three long‐term outcomes were also worse after OS compared 
to LS, whereas the outcomes were similar between CS and OS. When analyzing overall and 
disease‐free survival stage‐by‐stage, we found significantly worse OvS after CS compared to 
LS in stage‐I (91.0% vs. 80.0%, P0.026), and a tendency toward worse outcomes in stage II and 
III (P0.061, P0.060, respectively) (Figure 3). Regarding DFS, only stage‐I patients had a worse 
prognosis after conversion, compared to both LS (97.7% vs. 66.7%, P0.001) and OS (95.2% vs. 
66.7%, P0.055). Otherwise,  long‐term outcomes were comparable  in all stages between CS 
and OS. 
 
Figure 3. Kaplan‐Meier curves for overall, and disease‐free survival, stage‐by‐stage 

 
 

respectively) (Figure 3). Regarding DFS, only stage-I patients had a worse 
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and OS (95.2% vs. 66.7%, P0.055). Otherwise, long-term outcomes were 
comparable in all stages between CS and OS.

PROPENSITY SCORE MATCHING
After propensity score matching we repeated the analysis, demonstrated 
in table 3. There were 48 patients in each subgroup. No differences were 
found in baseline characteristics, nor in pathology features. Nonetheless, 
intraoperative and postoperative outcomes remained slightly different. 
Duration of surgery was significantly longer when conversion was re-
quired (CS: 180 min vs. 139 min (LS, P0.020) and 141 min (OS, P0.029). The 
number of harvested lymph nodes was lower after CS compared to LS 
(18 vs. 23, P0.016), and while a multivisceral resection was not performed 
in the weighed LS group, 12.5% of CS underwent and extra procedure 

Table 2. Intra- and postoperative outcomes

Laparoscopic surgery Conversion Open
P-value  
LS vs C

P-value  
OS vs C

n = 1347 505 (37.5%) 53 (3.9%) 789 (58.6%)

Surgery

Year of surgery, after July 2009 277 (54.9%) 23 (43.4%) 381 (48.3%) 0.112 0.490

Operation duration, minutes 130 (83-178) 180 (115-244) 119 (69-173) <0.001 <0.001

Adhesions 137 (27.1%) 25 (47.2%) 243 (30.8%) 0.002 0.013

Multivisceral 14 (2.8%) 7 (13.2%) 127 (16.1%) <0.001 0.578

Admission

Admission duration, days 3 (3-5) 4 (3-7) 5 (4-8) <0.001 0.073

Complications during admission 107 (21.2%) 22 (41.5%) 285 (36.1%) 0.001 0.430

Ileus 33 (6.5%) 3 (5.7%) 100 (12.7%) 0.805 0.131

Abscess/leak 10 (2.0%) 5 (9.4%) 21 (2.7%) 0.001 0.006

ICU transfer 5 (1.0%) 5 (9.4%) 30 (3.8%) <0.001 0.047

Surgical site infection 10 (2.0%) 5 (9.4%) 25 (3.2%) 0.001 0.017

Sepsis 2 (0.4%) 2 (3.8%) 13 (1.6%) 0.006 0.257

Blood transfusion 50 (9.9%) 14 (26.4%) 193 (24.5%) <0.001 0.749

Readmission 17 (3.4%) 6 (11.3%) 62 (7.9%) 0.006 0.370

Reoperation 9 (1.8%) 2 (3.8%) 21 (2.7%) 0.321 0.631

Death 3 (0.6%) 1 (1.9%) 8 (1.0%) 0.289 0.550

Proportions are presented for categorical data, median with IQR for all continuous data. 

Figure 2. Kaplan-Meier curves for overall, disease-free, and disease-specific survival
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P0.018). This difference was mainly explained by a greater difference in distant metastases in 
CS patients than LS patients (9.8% vs. 19.0%, P0.061) and a significantly higher rate of local 
recurrence after OS (0.5% vs. 2.3%, P0.017).  
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  (P0.011) and 20.8% of the OS group. Concerning postoperative morbidity, 

we found significant differences in length of stay (median 4 vs. 3, P0.007) 
and the requirement for blood transfusion (P0.021) between CS and LS. 
Surgical site infections and sepsis only occurred in the CS group (P0.078, 
and P0.153, respectively). Furthermore, rates of readmission were higher 
after CS (10.4% vs. 2.1% (both LS and OS), P0.092). Long-term outcomes 
and Kaplan-Meier curves in the PSM cohort stage I-III were comparable 
between all groups. Mean 5-year survival for LS was 86.1 months, 86.1 for 
CS, and 99.8 months for OS (P0.559). Mean disease-specific survival was 
96.8 months, 105.2 months, and 123.4 months, respectively (P0.474). Local 
recurrence did not occur in one of the weighted groups. Overall mean 
disease-free survival was 87.5 months, 98.4 months, and 119.3 months, 
respectively (P0.699).

MULTIVARIATE ANALYSIS

In the full cohort, univariate analysis demonstrated surgical procedure, 
age, ASA-score, EMVI, LVI, perineural invasion, AJCC stage, R1 resection, 
lymph-node harvest ≥12, complications during admission, blood transfu-
sion and adjuvant treatment to be significant risk factors for OvS. After 
adjustment for these factors, CS (HR 2.04, 95% CI: 1.14-3.65, P0.017) and 
OS (HR 1.72, 95% CI: 1.27-2.34, P0.001) were still independent predictors 
for worse survival compared to LS. Ratios were comparable when com-
paring OS and CS (HR 0.84, 95% CI: 0.50-1.44, P0.534). Regarding DFS, 
surgical procedure, obesity, EMVI, LVI, perineural invasion, AJCC stage, 
and adjuvant treatment were significant factors after univariate analysis. 
However, after adjustment, only pathological features including EMVI, 
perineural invasion, and AJCC stage II and III were independent predic-
tors for recurrence. DFS tended to be worse after OS compared to LS (HR 
1.42, 95% CI: 0.99-2.05, P0.061) (Table 4 and 5). 

Figure 3. Kaplan-Meier curves for overall, and disease-free survival, stage-by-stage
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98 Table 3. Baseline and postoperative outcomes after propensity score matching

Laparoscopic surgery Conversion Open P-value LS vs C P-value OS vs C

n = 144 48 (33.3%) 48 (33.3%) 48 (33.3%)

Baseline

Age 65.3 (±13.2) 67.4 (±13.0) 65.6 (±13.5) 0.422 0.524

Male gender 34 (70.8%) 31 (64.6%) 26 (54.2%) 0.513 0.299

BMI 27.8 (24.7-31.8)
27.4 (24.9-
30.6) 28.8 (22.6-35.0) 0.892 0.687

ASA 2 (2-3) 2 (2-3) 2 (2-3) 0.634 0.330

Pathology

T4 tumor 14 (29.2%) 11 (22.9%) 16 (33.3%) 0.485 0.256

N+ 27 (56.3%) 25 (52.1%) 26 (54.2%) 0.682 0.838

M+ 4 (8.3%) 4 (8.3%) 8 (16.7%) 1.000 0.217

High Grade 7 (14.6%) 9 (18.8%) 10 (20.8%) 0.584 0.798

EMVI 16 (33.3%) 20 (41.7%) 23 (47.9%) 0.399 0.538

LVI 22 (45.8%) 26 (54.2%) 28 (58.3%) 0.414 0.681

Perineural invasion 15 (31.3%) 16 (33.3%) 18 (37.5%) 0.827 0.670

Resection length, cm* 21 (15-30) 27 (19 -37) 22 (18-29) 0.087 0.211

LN examined 23 (17-34) 18 (13-27) 19 (14-29) 0.016 0.375

Tumor size 4.3 (3.1-6.4) 4.5 (3.2-6.8) 5.0 (3.1-7.0) 0.752 0.641

R0-resection 42 (87.5%) 43 (89.6%) 46 (95.8%) 0.749 0.239

Intraoperative

Operation duration, minutes 139 (95-181) 180 (123-241) 141 (95-194) 0.020 0.029

Adhesions 14 (29.2%) 23 (47.9%) 17 (35.4%) 0.059 0.214

Multivisceral 0 (0.0%) 6 (12.5%) 10 (20.8%) 0.011 0.273

Postoperative

Admission duration, days 3 (3-5) 4 (3-7) 5 (4-8) 0.007 0.102

Ileus 3 (6.3%) 3 (6.3%) 4 (8.3%) 1.000 0.695

Abscess/leak 1 (2.1%) 3 (6.3%) 1 (2.1%) 0.307 0.307

ICU transfer 0 (0.0%) 3 (6.3%) 1 (2.1%) 0.078 0.307

Surgical site infection 0 (0.0%) 3 (6.3%) 0 (0.0%) 0.078 0.078

Sepsis 0 (0.0%) 2 (4.2%) 0 (0.0%) 0.153 0.153

Blood transfusion 3 (6.3%) 11 (22.9%) 13 (27.1%) 0.021 0.637

Readmission 1 (2.1%) 5 (10.4%) 1 (2.1%) 0.092 0.092

Long-term stage I-III

Disease recurrence 6 (15.8%) 8 (20.5%) 5 (14.3%) 0.591 0.482

Deceased 7 (18.4%) 14 (35.9%) 12 (34.3%) 0.085 0.885

5-year overall survival 80.8% 71.7% 74.0% 0.286** 0.528**

5-year disease-specific 
survival 93.7% 87.4% 89.1% 0.436** 0.303**

5-year disease-free survival 78.1% 77.3% 82.8% 0.739** 0.401**

Proportions are presented for categorical data, mean with SD for age, and median with IQR for all other continuous data.  
Abbreviations: BMI: Body Mass Index (kg/m2), ASA: American Society of Anesthesiologists; EMVI: extramural vascular invasion; LVI: lym-
phovascular invasion 
* Missing data: Resection length, n=92 
** Log-rank test
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99With regards to the weighed cohort and overall survival, R0-resec-
tion, complications during admission and adjuvant chemotherapy were 
not contributory in univariate analysis and therefore not included in the lo-
gistic regression model. After adjustment, LVI (HR 4.40, 95% CI: 1.62-11.98, 
P0.004), lymph node harvest ≥12 (HR 0.17, 95% CI: 0.04-0.80, P0.025), and 
blood transfusion (HR 5.87, 95% CI: 1.89-18.20, P0.002) were the indepen-
dent predictors for worse overall survival. Concerning disease-free surviv-
al, all factors except BMI were included in the logistic regression model. 
Perineural invasion (HR 3.40, 95% CI: 1.13-10.21, P0.030) and adjuvant ther-
apy (HR 7.61, 95% CI: 2.02-28.60, P0.003) were the only independent pre-
dictors. The type of surgical procedure did not withstand the multivariate 
analysis of both overall and disease-free survival.

DISCUSSION

Laparoscopic surgery is a well-established approach in colon cancer, with 
equivalent oncological outcomes and lower morbidity rates compared to 
open surgery.1-9 However, the need for conversion to open surgery reduces 
the benefits of a minimally invasive approach and may even lead to adverse 
oncological outcomes. Since most studies include converted patients in the 
laparoscopic group little is known about the impact of conversion to open 
surgery. Moreover, most studies that investigated short-term outcomes af-
ter conversion compared successful laparoscopic surgery with conversion, 
while only a comparison between planned open surgery and converted 

Table 4. Multivariate analysis overall survival AJCC stage I-III

Before PSM After PSM

Hazard ratio
(95% CI) P-value

Hazard ratio
(95% CI) P-value

ASA III-IV 1.97 (1.51-2.55) <0.001 2.27 (0.77-6.70) 0.139

Age >65 years 2.08 (1.51-2.86) <0.001 2.58 (0.94-7.08) 0.065

Surgical procedure

	 Conversion Reference Reference

Successfully laparoscopic surgery 0.50 (0.27-0.88) 0.017 0.64 (0.18-2.25) 0.482

	 Planned open surgery 0.84 (0.50-1.44) 0.534 1.16 (0.36-3.73) 0.808

EMVI 1.42 (0.99-2.05) 0.060 0.88 (0.21-3.60) 0.855

Perineural invasion 1.86 (1.37-2.53) <0.001 1.16 (0.35-3.82) 0.807

Lymphovascular invasion 1.41 (1.00-2.00) 0.054 4.40 (1.62-11.98) 0.004

AJCC stage

	 I Reference Reference

	 II 1.06 (0.75-1.49) 0.737 3.54 (0.30-42.36) 0.319

	 III 2.02 (1.39-2.94) <0.001 6.37 (0.53-76.77) 0.145

R0-resection 0.61 (0.38-0.96) 0.033 NC

Lymph nodes harvested ≥ 12 0.44 (0.33-0.59) <0.001 0.17 (0.04-0.80) 0.025

Complications during admission 1.07 (0.83-1.38) 0.630 NC

Requirement blood transfusion 1.45 (1.11-1.91) 0.007 5.87 (1.89-18.20) 0.002

Adjuvant therapy 0.35 (0.24-0.50) <0.001 NC

Abbreviations: BMI: Body Mass Index (kg/m2); EMVI: extramural vascular invasion; AJCC: American Joint 
Committee on Cancer 
NC: not contributory in univariate analysis
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patients will answer the question as to whether conversion should be con-
sidered a complication rather than a simple drawback. 

In the current study, we reported a conversion rate of 9.5% with a 
slight decrease over the study period. The low incidence in comparison to 
previous studies, and the decline in conversion rates over time emphasizes 
our initial experience in laparoscopic surgery and even further progression 
over time. Although 20-30 laparoscopic procedures are often believed 
to be the standard to perform minimally invasive surgery safely, previous 
studies suggested a learning curve with a plateau after 40-80 laparoscop-
ic procedures.14,28 This study was conducted in a high-volume center and 
all procedures were performed by very experienced surgeons in minimally 
invasive colorectal surgery. Main reasons for conversion were adhesions, 
tumor size, and tumor adherence to adjacent organs. While prior abdom-
inal surgery, and large tumor size are well known contraindications for a 
minimally invasive approach, the presence of a T4 tumor is debatable as 
laparoscopic surgery is often considered inadvisable. However, our study 
underlines the feasibility of LS in tumors with contiguous involvement of 
adjacent organs since no correlation between conversion and T4 tumors 
was found. Nonetheless, adhesions and a larger tumor size were correlat-
ed with conversion and are therefore potential contraindications for lapa-
roscopic surgery.  

The main finding in this study was the relatively similar overall post-
operative outcome for converted patients in comparison to planned open 
surgery. In addition, although some studies have suggested comparable 
short-term outcomes after conversion and successfully completed lap-
aroscopic surgery 22-23, most studies including the current study demon-
strated adverse short-term outcomes for the converted group. In our 
study, converted patients had a longer length of stay, more complications 
during admission, and a higher readmission rate than LS patients. More-
over, compared to both laparoscopic and open surgery, the incidence of 

Table 5. Multivariate analysis disease-free survival AJCC stage I-III

Before PSM After PSM

Hazard ratio
(95% CI) P-value

Hazard ratio
(95% CI) P-value

BMI ≥ 30 kg/m2 0.74 (0.50-1.09) 0.123 NC

Surgical procedure

	 Conversion Reference Reference

Successfully laparoscopic surgery 0.68 (0.33-1.39) 0.289 0.71 (0.19-2.68) 0.614

	 Planned open surgery 0.96 (0.48-1.91) 0.909 0.64 (0.16-2.57) 0.644

EMVI 2.51 (1.73-3.64) <0.001 1.88 (0.59-6.01) 0.290

Perineural invasion 1.81 (1.24-2.63) 0.002 3.40 (1.13-10.21) 0.030

Lymphovascular invasion 1.31 (0.77-2.24) 0.315 1.41 (0.25-7.83) 0.697

AJCC stage

	 I Reference Reference

	 II 2.62 (1.34-5.16) 0.005 0.31 (0.02-4.21) 0.377

	 III 4.51 (2.30-8.82) <0.001 0.50 (0.03-8.63) 0.629

Adjuvant therapy 0.92 (0.63-1.35) 0.673 7.61 (2.02-28.60) 0.003

Abbreviations: BMI: Body Mass Index (kg/m2); EMVI: extramural vascular invasion;  
AJCC: American Joint Committee on Cancer 
NC: not contributory in univariate analysis
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101intra-abdominal abscesses/leaks and surgical site infections, as well as 
the need for transfer to the intensive care-unit was higher in the converted 
group. A reasonable explanation could be that an intra-operative event led 
to these issues or led to a prolonged operative time, which is associated 
with adverse outcomes and infectious complications in particular.29-30 Fur-
thermore, similar to our findings, incidence of conversion was higher in 
left colectomies and male patients.12,31 Both factors are well recognized as 
technical challenging, which may be explained by the limited visualization 
in a narrow pelvis and thus a higher risk of intraoperative complications 
or an incomplete oncological resection. Due to heterogeneity and selec-
tion bias, we repeated all analysis in a propensity score matched cohort. 
Although baseline and pathologic features were comparable between all 
groups, surgical duration, length of stay and the need for blood transfu-
sion remained higher in the CS cohort compared to successfully laparo-
scopic surgery. While surgical site infections, ICU transfer and sepsis only 
occurred after conversion, the outcomes were not significantly different 
to LS. The same applied to readmission rates, which were non-significant-
ly higher after CS (10.4% versus 2.1%). This underscores the potential neg-
ative impact of a longer surgical duration, since no differences in gender 
nor in tumor location existed in the weighed cohort. 

Knowledge about long-term outcomes after conversion to open 
surgery is lacking. Only a few studies have addressed oncologic results, 
which suggested adverse outcomes in patients who required conversion 
to open surgery.5, 25 In the present analysis, we found worse survival out-
comes for converted patients and patients who had a planned open sur-
gery compared to LS patients. However, the impact of distinct differences 
in baseline characteristics and stage of disease between laparoscopic and 
non-laparoscopic patients were underscored by our multivariate analyses 
and outcomes after propensity score matching. In the unweighted-cohort, 
surgical procedure withstood the multivariate analysis and CS and OS 
were independently related to poorer outcomes. Since long-term out-
comes between CS and OS were comparable, the worse overall survival 
compared to LS is seemingly best explained by a combination of baseline 
and pathology-related factors, as well as procedure-related factors. Fur-
thermore, a prolonged surgical procedure in combination with a more 
extensive adhesiolysis might lead to increased perioperative stress and 
could be an explanation of a more rapid initial decline in overall surviv-
al seen after conversion. This was stressed by the long-term outcomes 
in the PSM cohort. Kaplan-Meier curves demonstrated similar overall, 
disease-specific, and disease-free survival in all three groups. Moreover, 
only perioperative outcomes and pathologic features were found to be 
independently associated with survival in multivariate analysis. The same 
accounted for disease-free survival. After adjustment, only pathologic fea-
tures including EMVI, perineural invasion and AJCC-stage were associat-
ed with worse outcomes in the unweighted cohort and perineural invasion 
and adjuvant chemotherapy in the propensity score matched cohort. 

This study has its limitations. The retrospective design is inherent 
associated with risk of selection bias. There is an obvious bias in analyzing 
a group of patients who required conversion versus those who did not. 
Although patient characteristics were similar between the converted and 
open group, CS patients were older, had a higher comorbidity rate, and 
often a more advanced disease which could cause a higher postoperative 
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102 morbidity rate than LS patients. However, in practice, randomization of 
patients requiring conversion is not possible. To account for this obvious 
selection bias, we performed propensity score matching. Moreover, we 
minimized the risk of selection bias by performing adjusted analyses. It 
would be interesting to distinguish the conversion cohort in duration of 
laparoscopic surgery until conversion was required. Unfortunately, this 
data was not available in our data set. 

To the best of our knowledge this study involved one of the largest 
series of patients undergoing surgical resection for colon cancer which 
addressed both short- and long-term outcomes after conversion to open 
surgery compared to both successfully laparoscopic and planned open 
surgery in a single institution. Another strength of the current study is 
the inclusion of only colon cancer patients, since long-term outcomes are 
different in colon and rectal cases 5, and the incidence of conversion is 
higher in rectal cases.32 

CONCLUSION

Converting a laparoscopic procedure to an open one eliminates the ben-
efits of a minimally invasive approach and is associated with poorer on-
cological outcomes. However, when accounting for the significant differ-
ences in baseline and pathologic features between LS and CS, oncologic 
outcomes were comparable and only length of stay and the requirement 
for blood transfusion were higher after CS. Furthermore, since outcomes 
were comparable between planned open surgery, this data supports a 
surgeon’s attempt to perform a minimally invasive resection in patients 
with colon cancer. 
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106 ABSTRACT

BACKGROUND
Multivisceral resection for locally advanced colon cancer is mandatory to 
achieve complete tumor resection. We aimed to determine if local multiv-
isceral resections (LMR) for pT4 and pT3 tumors impact perioperative and 
long-term oncological outcomes.

METHODS
All stage II or III colon cancer patients who had surgery between 2004-
2014 were identified. We analyzed patients with non-multivisceral resec-
tions (NMR) for pT4 tumors versus pT4-LMR. In addition, outcomes were 
compared to both NMR and LMR pT3 patients. 

RESULTS
LMR was performed in 55 (29.7%) of all patients with pT4 tumors and in 
48 (8.9%) of all patients with pT3 tumors. The most commonly involved 
areas of extension were the abdominal wall and the small intestine. Trans-
verse colon cancer was correlated with LMR. Morbidity rates were com-
parable between NMR and LMR, with the exception of higher rates of 
blood transfusion and postoperative ileus. Over one-third of all pT4-NMR 
patients developed recurrent disease, which was higher compared to all 
other groups. Subsequently, overall and disease-specific survival, as well 
as disease-free survival (DFS) were worse for pT4-NMR, even after adjust-
ment for pTN-staging, adjuvant therapy, and R0-resection. Furthermore, 
when analyzing only curative resections, radial margin < 1 cm along with 
nodal disease were independent predictors for worse DFS. Long-term out-
comes were comparable between pT4-LMR and pT3 patients. 

CONCLUSIONS
Multivisceral resection for locally advanced colon cancer preserves long-
term oncological outcomes without increased postoperative morbidity. 
Moreover, LMR in pT3 tumors does not contribute to postoperative mor-
bidity. Our study underlines the feasibility and importance of performing 
LMR when locally advanced cancer is suspected.
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107INTRODUCTION

Colon cancer is one of the most common cancers worldwide, with an esti-
mate of almost 100,000 new patients every year in the USA.1 Approximate-
ly 10% of all primary colon cancer patients have contiguous involvement 
of adjacent organs at initial presentation, which is classified as locally 
advanced disease or pathological T4 tumors (pT4).2-3 An R0 resection in 
these tumors is mandatory to achieve the best long-term outcomes and 
therefore a local multivisceral resection (LMR) is recommended when tu-
mors invade adjacent organs.4-6 Depending upon the location of the tumor, 
surgical treatment ranges from en bloc resection of involved organs in the 
upper abdomen to a pelvic exenteration.

Despite increased survival rates after LMR, the vast majority of the 
patients with locally advanced colon cancer do not receive an extended 
resection. Previous literature demonstrated that only 26-39% of patients 
with locally advanced colorectal cancer underwent a multivisceral re-
section.7 Surgeons may be reluctant to perform a LMR because of the 
associated morbidity. Complication rates around 22-36% have been 
described after LMR for colon cancer 5,8-9, though there was substantial 
heterogeneity within studies. In addition, despite improvement in imaging 
techniques, it is not always clear preoperatively that LMR is required and 
therefore the decision to perform LMR often must be made intra-oper-
atively. Furthermore, distinguishing oncological invasion from peri-tu-
morous inflammatory adhesions is often hard to discern and makes the 
intra-operative decision to perform an extended resection even  
more difficult. 

In addition to complete surgical resection, adjuvant treatment plays 
an important role in locally advanced colon cancer. In node-positive dis-
ease, postoperative chemotherapy is clearly established, and previous re-
search has shown benefit in overall and disease-free survival.10-11 Additional 
treatment is therefore recommended for all patients with stage III disease 
operated on with curative intent.12 This recommendation is less clear in 
stage II disease. Despite multiple clinical trials and meta-analyses over the 
past decades, the beneficial role of adjuvant chemotherapy in node-neg-
ative disease remains controversial. Several high risk factors have been 
introduced into the current guidelines, including T4 tumors. According to 
the NCCN guidelines, adjuvant chemotherapy can be considered for pa-
tients with high-risk features. 

To assess the impact of LMR and R0-resections in locally advanced 
colon cancer, we evaluated the short- and long-term outcomes in patients 
with pT4 colon tumors who either did or did not undergo a multivisceral 
resection and additionally compared them to less advanced disease (T3). 
In order to evaluate whether a LMR compromises morbidity rates, pa-
tients who were thought clinically to be invasive or adhesive though not 
confirmed on pathology (T3) were assessed as well as another compari-
son-group.
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108 MATERIALS & METHODS

STUDY DESIGN AND POPULATION
We performed a retrospective analysis using a prospectively maintained 
database including all patients who had surgical treatment for primary 
colon cancer between January 2004 and December 2014 at Massachu-
setts General Hospital. This study was approved by the Institutional Re-
view Board. A total of 773 patients underwent surgery for AJCC stage II 
or III, pT3-4 colon cancer during our study period. The majority had a pT3 
tumor (562 patients had a pT3 tumor), 161 patients had a pT4a tumor and 
50 patients a pT4b tumor. A multivisceral resection was performed in 117 
patients, mostly for pT4 tumors (56.4%). Patients who were deemed unre-
sectable were excluded, including palliative cases (n=2) and patients who 
presented with bowel perforation (n=22). To compare oncologic outcomes 
in pT3-4 tumors, patients who received neoadjuvant treatment (n=10) 
and patients who died within 30 days of surgery (n=14) were additionally 
excluded. Leaving a total of 725 patients for subsequent analyses [Figure 
1]. We subdivided our cohort into four groups: patients with a pT3 tumor 
who either did (pT3-LMR) or did not (pT3-NMR) receive a multivisceral 
resection, and patients with a pT4 tumor who did (pT4-LMR) or did not 
undergo (pT4-NMR) a multivisceral resection. 

The following data was prospectively obtained for each patient: 
patient demographics, comorbidities, pathological features, and both 
short- and long-term outcomes. Locoregional recurrence was defined as 
recurrent disease within the original tumor bed (perianastomotic, perito-
neum, retroperitoneum, and pericolic mesenteric lymph nodes) 13-14, while 

Materials & Methods 
 
Study Design and Population 
 
We performed a retrospective analysis using a prospectively maintained database including 
all patients who had surgical treatment for primary colon cancer between January 2004 and 
December  2014  at  Massachusetts  General  Hospital.  This  study  was  approved  by  the 
Institutional Review Board. A total of 773 patients underwent surgery for AJCC stage II or III, 
pT3‐4 colon cancer during our study period. The majority had a pT3 tumor (562 patients had 
a pT3 tumor), 161 patients had a pT4a tumor and 50 patients a pT4b tumor. A multivisceral 
resection was performed in 117 patients, mostly for pT4 tumors (56.4%). Patients who were 
deemed  unresectable  were  excluded,  including  palliative  cases  (n=2)  and  patients  who 
presented with bowel perforation (n=22). To compare oncologic outcomes in pT3‐4 tumors, 
patients who received neoadjuvant treatment (n=10) and patients who died within 30 days of 
surgery  (n=14) were  additionally  excluded.  Leaving  a  total  of  725  patients  for  subsequent 
analyses [Figure 1]. We subdivided our cohort into four groups: patients with a pT3 tumor who 
either did (pT3‐LMR) or did not (pT3‐NMR) receive a multivisceral resection, and patients with 
a pT4 tumor who did (pT4‐LMR) or did not undergo (pT4‐NMR) a multivisceral resection.  
 
Figure 1: Inclusion flowchart of the study 

 
 
 

The following data was prospectively obtained for each patient: patient demographics, 
comorbidities, pathological features, and both short‐ and long‐term outcomes. Locoregional 
recurrence was defined as recurrent disease within the original tumor bed (perianastomotic, 
peritoneum,  retroperitoneum,  and  pericolic  mesenteric  lymph  nodes)  13‐14,  while  distant 
recurrence included all recurrent disease at nonregional sites, such as liver or lung. Data on 
long‐term  outcomes  were  updated  periodically  by  reviewing  patient’s  records  and  the 
Massachusetts General  Hospital  cancer  registry.  In  case  this  information was  not  recently 
updated, the Social Security Death Index was used for survival data. According to the NCCN 

1504 patients with surgically treated 
colon cancer between 2004-2014

773 patients with AJCC II-III
and pT3-4

725 patients included

24 patientsexcluded
- 2 palliative cases

- 22 bowel perforations24 patientsexcluded
- 14 died within 30 days of surgery
- 10 received neoadjuvant treatment

731 patientsexcluded
- 490 pTis-pT2 tumors
- 241 AJCC stage IV

Figure 1. Inclusion flowchart of the study



T
H

E
 IM

PA
C

T
 O

F A
 M

U
LT

IV
IS

C
E

R
A

L R
E

S
E

C
T

IO
N

 A
N

D
 A

D
JU

V
A

N
T

 T
H

E
R

A
P

Y
 IN

 LO
C

A
LLY

 A
D

V
A

N
C

E
D

 C
O

LO
N

 C
A

N
C

E
R

109distant recurrence included all recurrent disease at nonregional sites, such 
as liver or lung. Data on long-term outcomes were updated periodically 
by reviewing patient’s records and the Massachusetts General Hospital 
cancer registry. In case this information was not recently updated, the 
Social Security Death Index was used for survival data. According to the 
NCCN guidelines, routine pre-operative work-up was completed for all 
patients. This included physical examination, total colonoscopy (unless an 
obstruction was the case), abdominal computed tomography (CT), chest 
X-ray, complete blood count and carcinoembryonic antigen (CEA). An 
anesthetic consultation was carried out to determine the American Soci-
ety of Anesthesiologist score (ASA). In addition, adjuvant chemotherapy 
was recommended for all patients with lymph-node positive disease and 
considered for stage II patients with high-risk features (T4 tumors, poorly 
differentiated histology, vascular invasion, perineural invasion, <12 lymph 
nodes examined, bowel obstruction, or positive or indeterminate mar-
gins). The decision whether or not to administrate additional treatment 
was made on an individual basis, regardless of the tumor stage. 

Local multivisceral resection was defined as en bloc resection of 
the primary tumor with adjacent organs or tissues. There were no pa-
tients who had direct invasion into the liver. Laparoscopic surgery was 
introduced before 2004 and therefore used throughout our study period. 
Short-term morbidity was classified as all complications within 30 days  
of surgery. 

STATISTICAL ANALYSES
Differences in baseline characteristics and outcome variables between the 
groups were analyzed using a Chi-square test (χ2). Continuous data were 
compared using the Kruskal-Wallis test and presented as the mean with 
standard deviation or the median with an interquartile range according 
to the distribution (Kolmogorov-Smirnov and Shapiro-Wilk test). Post-hoc 
adjusted comparisons were performed with Bonferroni correction to de-
crease the chance of incorrect rejection of the null hypothesis due to mul-
tiplicity. A Dunn’s test was used after a Kruskal-Wallis test was rejected. 
Survival-analyses were determined using the Kaplan-Meier method and 
the differences between curves were assessed by the log-rank test. Cox 
proportional hazard models were used to determine the impact of multiv-
isceral resection on oncologic outcomes, adjusted for potential confound-
ers. A two-sided P-value of < 0.05 was considered statistically significant. 
All analyses were conducted using SPSS (IBM Corp. Released 2013. IBM 
SPSS Statistics for Macintosh, Version 24.0. Armonk, NY: IBM Corp.).

RESULTS

BASELINE CHARACTERISTICS
The study population consisted of 725 patients with a mean age of 69.4 
years. A total of 540 patients (74.5%) had a pT3 tumor of whom 48 (8.9%) 
underwent a LMR. During the study period, 29.7% of patients with a pT4 
tumor underwent a LMR. In patients with pathologically proven T4b dis-
ease, 66.0% underwent LMR, compared to 20.5% of all T4a tumors. Of 
the latter group, all the patients who had clinical T4b tumors (5.5%) un-
derwent LMR. We also noted a slight increase in the number of LMR per-
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110 formed over the time of our study period. In particular, 38.8% of all LMR 
resections and 40.0% of LMR in pT4 tumors were performed in the latter 
third. The main reason a multivisceral resection was not performed in cas-
es where the tumor was found to invade adjacent organs (pT4b) was when 
surgeons encountered adhesions which were thought to be inflammatory 
(58.3%) and actually were microscopically invasive on pathology (33.3%). 
None of the pT4b-NMR procedures were emergent cases, and palliative 
cases were excluded beforehand.

R0 resection was achieved in almost all T3 tumors (NMR: 99.4%, 
LMR: 95.8%), whereas rates of tumor free margins were significantly 
lower in T4 tumors (NMR: 70.8%, LMR: 89.1%) (P<0.001). All incomplete 
resections, regardless of pT-stage, had positive radial margins. Transverse 
colon tumors were proportionally the most frequent in the LMR group 
(17.5%) [Figure 2]. The most involved organs were the abdominal wall 
(41.7%), small intestine (31.1%), reproductive organs (8.7%), and the bladder 
(6.8%). When analyzing the site of LMR by pT-stage, we found a higher 
frequency of small bowel resection in pT4b tumors (48.1%) compared to 
both pT4a (25.0%) and pT3 (25.0%) tumors. The latter two had more en 
bloc resections of the abdominal wall (46.4% and 52.1%, respectively, vs. 
37.0% in pT4b). Baseline characteristics demonstrated significant differ-
ence in BMI, pre-operative CEA and clinical presentation between the 
groups [Table 1]. Post-hoc adjusted analysis with Bonferroni correction 
revealed that pT3-NMR patients had a significant higher BMI compared 
to pT3-LMR patients (mean 27.3 vs. 24.8 kg/m2, P=0.003). Patients who 
underwent LMR presented more often with abdominal pain (P<0.001), 
without any differences in urgent admissions nor in related symptoms, 
including changes in stool habit, constipation, or bowel obstruction. Dif-
ferences in pre-operative CEA within the groups were not significant after 
Bonferroni correction.

With regards to pathologic outcomes, the incidence of lymph-node 
positive disease was different between the groups with significantly 
more stage III patients in the pT4-NMR cohort compared to pT3-NMR 
(P<0.001). Patients who underwent a LMR had larger tumors than NMR 
patients, regardless of the T-stage (pT3: P=0.005; pT4: P<0.001). The sur-
gical specimen was, as would be expected, larger, though colonic spec-
imen length was comparable between the groups (P=0.541). Although 

 
 

 
With regards to pathologic outcomes, the  incidence of  lymph‐node positive disease 

was different between the groups with significantly more stage III patients in the pT4‐NMR 
cohort compared to pT3‐NMR (P<0.001). Patients who underwent a LMR had larger tumors 
than  NMR  patients,  regardless  of  the  T‐stage  (pT3:  P=0.005;  pT4:  P<0.001).  The  surgical 
specimen was, as would be expected, larger, though colonic specimen length was comparable 
between  the  groups  (P=0.541).  Although  lymph node  yield was higher  after  pT4‐LMR,  the 
difference compared to pT4‐NMR was not significant after correction (P=0.257). Moreover, 
the  vast  majority  in  all  groups  had  more  than  12  lymph  nodes  retrieved.  Concerning 
histopathological risk factors, both extramural vascular and lymphovascular invasion as well 
as perineural invasion were more often identified in pT4 tumors (P<0.001, P=0.034, P<0.001, 
respectively). 

 
Table 1. Baseline characteristics 
 

     NMR pT3  LMR pT3  NMR pT4  LMR pT4  P‐value 
  492 (67.9%)  48 (6.6%)  130 (17.9%)  55 (7.6%)   
Age  70.0 (57.7‐79.8)  69.5 (62.6‐81.2)  67.0 (59.9‐80.2)  68.1 (58.9‐83.2)  0.717 
Gender, male  48.6  47.9  43.1  36.4  0.287 
ASA  2 (2‐3)  2 (2‐3)  2 (2‐3)  2 (2‐3)  0.448 
BMI  27.3 (23.6‐30.8)  24.8 (21.9‐27.4)  25.2 (22.7‐30.6)  25.7 (21.4‐29.5)  0.001 
Prior abdominal surgery  45.3  47.9  40.8  43.6  0.774 
Pre‐operative CEA *  2.9 (1.6‐5.9)  3.6 (2.0‐13.6)  4.0 (2.3‐6.5)  4.3 (2.0‐16.7)  0.032 
           
Symptoms           
  Anemia  29.3  33.3  33.1  32.7  0.784 
  Abdominal pain  25.0  45.8  30.0  54.5  <0.001 
           
Pathology            
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Figure 2. Primary tumor location in LMR and NMR patients
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111lymph node yield was higher after pT4-LMR, the difference compared 
to pT4-NMR was not significant after correction (P=0.257). Moreover, 
the vast majority in all groups had more than 12 lymph nodes retrieved. 
Concerning histopathological risk factors, both extramural vascular and 
lymphovascular invasion as well as perineural invasion were more often 
identified in pT4 tumors (P<0.001, P=0.034, P<0.001, respectively).

PERIOPERATIVE AND SHORT-TERM OUTCOMES
Table 2 demonstrates differences in perioperative outcomes and mor-
bidity rates. Surgical approach was significantly different between the 
groups (P=0.024), with more laparoscopic surgery in the pT3-NMR group 
(34.1%). Duration of surgery was longer when a multivisceral resection 

Table 1. Baseline characteristics

  NMR ρT3 LMR ρT3 NMR ρT4 LMR ρT4 P-value

492 (67.9%) 48 (6.6%) 130 (17.9%) 55 (7.6%)

Age 70.0 (57.7-79.8) 69.5 (62.6-81.2) 67.0 (59.9-80.2) 68.1 (58.9-83.2) 0.717

Gender, male 48.6 47.9 43.1 36.4 0.287

ASA 2 (2-3) 2 (2-3) 2 (2-3) 2 (2-3) 0.448

BMI 27.3 (23.6-30.8) 24.8 (21.9-27.4) 25.2 (22.7-30.6) 25.7 (21.4-29.5) 0.001β

Prior abdominal surgery 45.3 47.9 40.8 43.6 0.774

Pre-operative CEA * 2.9 (1.6-5.9) 3.6 (2.0-13.6) 4.0 (2.3-6.5) 4.3 (2.0-16.7) 0.032

Symptoms

	 Anemia 29.3 33.3 33.1 32.7 0.784

	 Abdominal pain 25.0 45.8 30.0 54.5 <0.001αβγ

Pathology 

Nodal disease 39.6 41.7 56.9 50.9 0.003δ

Tumor size, cm 4.5 (3.5-6.0) 5.9 (4.1-7.4) 4.5 (3.7-6.0) 7.0 (4.5-9.5) <0.001αβγ

Colonic resection length, cm* 21.5 (16.5-27.0) 22.0 (16.7-32.8) 21.0 (15.3-29.1) 21.0 (17.0-30.5) 0.541

Lymph-node harvested 21 (16-29) 23 (16-31) 21 (17-28) 25 (18-33) 0.042γ

LN >12 91.5 91.7 93.8 98.2 0.300

Poor differentiation 18.9 27.7 25.8 25.9 0.443

EMVI 18.3 20.8 37.7 41.8 <0.001γδ

LVI 46.7 39.6 68.5 61.8 0.001δ

Perineural invasion 18.0 12.5 41.5 38.2 <0.001γδ

R0-resection 99.4 95.8 70.8 89.1 <0.001αγδ

Site of tumor 0.074

	 Right-sided 55.7 54.2 51.5 54.5

	 Transverse 7.7 14.6 12.3 20.0 γ

	 Left-sided 10.6 8.3 15.4 9.1

	 Sigmoid 26.0 22.9 20.8 16.4

Proportions are presented for categorical data, median with IQR for continuous data.  
Abbreviations: ASA: American Society of Anesthesiologists, BMI: Body Mass Index (kg/m2), AJCC: American Joint Commit-
tee on Cancer, EMVI: extramural vascular invasion, LVI: lymphovascular invasion 
* Missing data: CEA, n = 415; resection length, n = 717 
α = pT4 NMR vs pT4 LMR: P<0.05 after Bonferroni correction 
β = pT3 NMR vs pT3 LMR: P<0.05 after Bonferroni correction 
γ = pT3 NMR vs pT4 LMR: P<0.05 after Bonferroni correction 
δ = pT3 NMR vs pT4 NMR: P<0.05 after Bonferroni correction
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112 was performed (P<0.001), and also significantly longer in pT4-LMR cases 
compared to pT3-LMR (P<0.001). Short-term outcomes were worse for 
patients who underwent a LMR, with significantly longer length of stay 
(P<0.001) and a higher requirement for blood transfusion (P<0.001). In 
addition, the overall morbidity rate (excluding the need for blood trans-
fusion) was higher in pT4-LMR patients compared to pT4-NMR patients, 
which was mainly explained by more postoperative ileus (20.0% vs. 7.7%, 
P=0.064). Rates of readmission and reoperation were not different. 

LONG-TERM ONCOLOGICAL OUTCOMES
Mean follow-up duration in the study was 48.5 months and significant-
ly shorter in the pT4-NMR group compared to pT3-NMR (35.8 vs. 51.6 
months, P=0.001) [Table 3]. In line with the current guidelines, we found 
higher rates of adjuvant chemotherapy in pT4 tumors (P<0.001) with a 
significant difference in node-negative disease (P<0.001) but not in stage 
III (P=0.065). No differences within the pT4 cohort nor in the pT3 cohort 
were found regarding postoperative treatment. As demonstrated in our re-
sults, not all patients with node-positive disease or T4 tumors received ad-
ditional treatment. In stage II, the main reason to forgo further treatment 
was age. The median age of patients with stage II disease and T4 tumors 
who did not receive adjuvant treatment was 78.2 years compared to 63.2 
years in the adjuvant T4 group (P<0.001). Furthermore, 17.7% of all eligible 
T4 stage II patients declined further treatment. With regards to stage III 

Table 2. Perioperative and short-term outcomes

NMR pT3 LMR pT3 NMR pT4 LMR pT4 P-value

Intraoperative

Operation after July 2009 49.8 58.3 51.5 50.9 0.725

Surgery duration, min 120 (73-171) 164 (122-236) 109 (67-174) 170 (105-255) <0.001αβγ

Laparoscopic approach 34.1 22.9 26.2 18.2 0.024

	 Conversion to open surgery 4.9 10.4 1.5 7.3 0.071

Admission

Admission duration 4 (3-7) 7 (4-11) 4 (3-6) 7 (5-10) <0.001αβγ

In-hospital morbidity 25.6 27.1 20.8 41.8 0.029α

Morbidity rate plus transfusion 39.4 62.5 33.8 69.1 <0.001αβγ

Ileus 10.2 16.7 7.7 20.0 0.046

Wound infection 6.1 2.1 3.1 3.6 0.354

Anastomotic leakage 1.6 4.2 3.1 1.8 0.534

Blood transfusion 19.1 43.8 17.7 41.8 <0.001αβγ

Cardiac 7.7 6.3 3.8 14.5 0.085

Respiratory 3.9 4.2 2.3 3.6 0.857

Renal failure 2.2 4.2 1.5 0.0 0.484

ICU Transfer 2.0 4.2 2.3 5.5 0.392

Readmission 7.1 6.3 5.4 5.5 0.886

Reoperation 1.8 4.2 1.5 1.8 0.705

Proportions are presented for categorical data, median with IQR for continuous data.  
α = pT4 NMR vs pT4 LMR: P<0.05 after Bonferroni correction 
β = pT3 NMR vs pT3 LMR: P<0.05 after Bonferroni correction 
γ = pT3 NMR vs pT4 LMR: P<0.05 after Bonferroni correction 
δ = pT3 NMR vs pT4 NMR: P<0.05 after Bonferroni correction
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113disease, 25.2% of all patients who did not receive adjuvant chemotherapy 
declined treatment (T3: 20.6%, T4: 34.4%). Similar to the node-negative 
cohort, median age was significantly higher in the non-adjuvant group 
(81.3 years versus 62.2 years, P<0.001). 

While disease recurrence occurred as often in patients with pT4-
LMR compared to pT3 tumors, we found a significantly higher rate in 
pT4-NMR patients compared to less advanced disease (P<0.001). This was 
especially true when analyzing locoregional recurrence only (P<0.001). In 
the majority of these cases, the location of recurrence was the peritoneum 
(53.3%) followed by the retroperitoneum (30.0%) and mesenteric lymph 
nodes (16.7%). When analyzing only patients who underwent an R0-re-
section, risk ratios of disease recurrence, both locoregional and distant, 
remained higher in the pT4-NMR group compared to pT4-LMR (local: RR 
1.47 (0.7 – 3.06), distant: RR 1.81 (0.89 – 4.07)). A difference in median cir-
cumferential (radial) margin in patients who developed local recurrence 
was found between the pT4 groups (pT4-NMR median: 0.6 cm (0.2 – 4.3) 
versus pT4-LMR median 4.8 cm (0.6 – 5.9), P=0.061). Furthermore, rates 
of overall and colon cancer mortality were higher in the pT4-NMR group 
compared to pT4-LMR (overall mortality: 48.5% versus 34.5%, P=0.328, 
colon cancer mortality: 26.9% versus 10.9%, P=0.068). Survival outcomes 
were significantly worse after pT4-NMR compared to less advanced dis-
ease, whereas rates were comparable between pT4-LMR and T3 disease. 

The poor prognostic outcomes were underlined by log-rank test-
ing. Kaplan-Meier survival curves demonstrated significant differences 
in overall (OS), disease-specific (DSS) and in disease-free survival (DFS), 

Table 3. Long-term oncological outcomes

NMR pT3 LMR pT3 NMR pT4 LMR pT4 P-value

Follow-up duration, months 51.6 (25.1-81.9) 47.9 (22.7-70.2) 35.8 (16.3-59.4) 49.2 (22.5-82.8) 0.001δ

Recurrent disease 16.2 16.7 36.2 18.9 <0.001δ

	 Locoregional 5.1 8.3 21.5 14.5 <0.001δ

	 Distant 13.0 12.5 22.3 10.9 0.046δ

Adjuvant therapy 35.0 27.1 56.2 60.0 <0.001δ

	 Stage II 10.4 14.3 44.6 48.1 <0.001γδ

	 Stage III 73.3 45.0 67.6 71.4 0.065

Deceased 25.2 31.3 48.5 34.5 <0.001δ

Deceased after R0 24.9 28.3 45.7 28.6 0.001δ

Colon cancer mortality 7.1 10.4 26.9 10.9 <0.001δ

Colon cancer mortality after R0 6.7 8.7 23.9 6.1 <0.001αδ

5-year overall survival 78.6 63.3 46.3 70.0 <0.001*

5-year OS after R0 78.9 66.2 46.2 75.0 <0.001*

5-year disease-specific survival 92.8 85.3 67.2 89.6 <0.001*

5-year DSS after R0 93.4 87.2 67.7 92.7 <0.001*

5-year disease-free survival 82.8 81.9 52.7 74.1 <0.001*

5-year DFS after R0 83.2 81.9 53.2 78.1 <0.001*

Proportions are presented for categorical data, median with IQR for continuous data.  
* Log-rank test 
α = pT4 NMR vs pT4 LMR: P<0.05 after Bonferroni correction 
β = pT3 NMR vs pT3 LMR: P<0.05 after Bonferroni correction 
γ = pT3 NMR vs pT4 LMR: P<0.05 after Bonferroni correction 
δ = pT3 NMR vs pT4 NMR: P<0.05 after Bonferroni correction
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114 regardless of accomplishment of clear tumor margins (all P<0.001) [Figure 
3]. When comparing differences between the groups, we found signifi-
cantly poorer outcomes after pT4-NMR compared to all other groups 
in both overall (vs. pT4-LMR: P=0.020, vs. pT3-NMR: P<0.001, vs. pT3-
LMR: P=0.036) and colon cancer specific survival (P=0.007, P<0.001, 
P=0.018, respectively) as well as significantly worse DFS (P=0.034, 
P<0.001, P=0.010, respectively). Nevertheless, patients with pT4 tumors 
who underwent LMR had comparable outcomes to patients with less 
advanced disease. The significantly poorer outcomes in patients with lo-
cally advanced cancer who did not undergo a multivisceral resection also 
withstood multivariate analysis, as shown in the Cox proportional hazard 
models adjusted for pT-stage (subdivided into pT3, pT4a, and pT4b), pN-
stage, adjuvant chemotherapy, and R0-resection [Figure 4]. Compared to 
patients with a pT4 tumor who did undergo a multivisceral resection, pT4-
NMR patients had a 72% increase in the relative hazard of overall survival 
(HR 1.72, 95% CI: 1.02 – 2.90, P=0.041) and almost three-fold higher hazard 
ratios in the disease-specific survival model (HR 3.36, 95% CI: 1.40 – 8.09, 
P=0.007). Moreover, DFS remained significantly worse after adjustment 
(HR 2.47, 95% CI: 1.21 – 5.03, P=0.013). In addition to surgical approach, 
node-positive disease and clear tumor margins were independent predic-
tors in all three models. Adjuvant chemotherapy was only predictive in 
overall survival. When adjusting for radial margin instead of radical resec-
tion, pT4-NMR was no longer a poor predictor for DFS. Radial margin <1 
cm (HR 2.03, 95% CI: 1.16 – 3.53), P=0.013) was along with node-positive 
disease (HR 2.64, 95% CI:1.86 – 3.74, P<0.001) independently predictive 
for poor DFS.

A covariables included baseline pT-stage (subdivided into pT3,  
pT4a, pT4b)

DISCUSSION

There is clear evidence that an R0 resection is a strong predictor for both 
overall and disease-free survival in colon cancer.5,15 A recent single-center 
study compared R0 with R1 resection in colon cancer and found a recur-
rence rate of 18.9% and 55.5%, respectively, with a corresponding 5-year 
survival of 60% and 25%.16 However, R0 resection is more challenging to 
achieve if the tumor invades adjacent organs, which is the case in approx-
imately 10% of all primary colon cancers. Multivisceral resection is then 
necessary to achieve complete tumor resection with negative margins. 
Although there is widespread knowledge of the importance of R0 resec-
tion, a recent population analysis demonstrated that the vast majority of 
the patients with locally advanced colon cancer did not receive LMR.7 Our 
study underscored the problem of infrequently performed LMR for locally 
advanced colon cancer with a performance rate of 29.7%. In our cohort, 
the main reason to not perform a multivisceral resection was not reluc-
tance of the surgeon, but a false discernment of oncological invasion as 
peri-inflammatory adhesions. An increase in LMR was seen over the study 
period, in particular in the latter third, which accounted for 40% of all 
multivisceral resections in locally advanced cancer. Perhaps more impor-
tantly, the majority of patients with pT4b tumors received LMR (66.0%) 
while the incidence of en bloc resections in tumors that did not invade the 
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Figure 4. Multivariate Cox proportional hazards survival estimates 

 
Covariables included baseline pT‐stage (subdivided into pT3, pT4a, pT4b 
 
 
Discussion 
 
There is clear evidence that an R0 resection is a strong predictor for both overall and disease‐
free survival in colon cancer.5,15 A recent single‐center study compared R0 with R1 resection 
in  colon  cancer  and  found  a  recurrence  rate  of  18.9%  and  55.5%,  respectively,  with  a 
corresponding 5‐year survival of 60% and 25%.16 However, R0 resection is more challenging 
to achieve if the tumor invades adjacent organs, which is the case in approximately 10% of all 
primary colon cancers. Multivisceral resection is then necessary to achieve complete tumor 
resection with negative margins. Although there is widespread knowledge of the importance 
of  R0  resection,  a  recent  population  analysis  demonstrated  that  the  vast majority  of  the 
patients with locally advanced colon cancer did not receive LMR.7 Our study underscored the 
problem of infrequently performed LMR for locally advanced colon cancer with a performance 
rate of 29.7%. In our cohort, the main reason to not perform a multivisceral resection was not 
reluctance  of  the  surgeon,  but  a  false  discernment  of  oncological  invasion  as  peri‐
inflammatory adhesions. An increase in LMR was seen over the study period, in particular in 
the  latter third, which accounted for 40% of all multivisceral  resections  in  locally advanced 
cancer. Perhaps more importantly, the majority of patients with pT4b tumors received LMR 
(66.0%) while the incidence of en bloc resections in tumors that did not invade the serosal 
surface on pathology was much lower (pT4a: 20.5%; pT3: 8.9%).  

The benefit of LMR in locally advanced colon cancer was emphasized by our study with 
significantly better long‐term outcomes in pT4‐LMR patients compared to pT4‐NMR patients 
and comparable oncologic outcomes to patients with less advanced disease. Overall survival, 
colon  cancer  mortality  and  disease‐free  survival  were  all  worse  in  pT4‐NMR  patients 
compared to pT4‐LMR, even after adjustment for potential confounders including pTN‐stage, 
adjuvant therapy and the achievement of R0 resection. The estimated 5‐year OS and DSS in 
our study was 70.0% and 89.6% when a multivisceral resection was performed in pT4 disease. 
These outcomes were comparable to previous reported outcomes 9,17 and even more notably, 
comparable  to  patients with  less  advanced disease  and no  tumor  invasion  (78.6%,  92.8%, 
respectively). On the contrary, when a patient with true tumor invasion did not receive LMR, 
both OS and DSS were significantly worse (46.3%, 67.2%). This poor prognosis remained true 

5‐year OS after R0  78.9  66.2  46.2  75.0  <0.001* 
5‐year disease‐specific survival  92.8  85.3  67.2  89.6  <0.001* 
5‐year DSS after R0  93.4  87.2  67.7  92.7  <0.001* 
5‐year disease‐free survival  82.8  81.9  52.7  74.1  <0.001* 
5‐year DFS after R0  83.2  81.9  53.2  78.1  <0.001* 

 
Proportions are presented for categorical data, median with IQR for continuous data.  
* Log‐rank test 
 = pT4 NMR vs pT4 LMR: P<0.05 after Bonferroni correction 
 = pT3 NMR vs pT3 LMR: P<0.05 after Bonferroni correction 
 = pT3 NMR vs pT4 LMR: P<0.05 after Bonferroni correction 
 = pT3 NMR vs pT4 NMR: P<0.05 after Bonferroni correction 

 
The  poor  prognostic  outcomes  were  underlined  by  log‐rank  testing.  Kaplan‐Meier 

survival curves demonstrated significant differences in overall (OS), disease‐specific (DSS) and 
in  disease‐free  survival  (DFS),  regardless  of  accomplishment  of  clear  tumor  margins  (all 
P<0.001) [Figure 3]. When comparing differences between the groups, we found significantly 
poorer outcomes after pT4‐NMR compared to all other groups in both overall (vs. pT4‐LMR: 
P=0.020,  vs.  pT3‐NMR:  P<0.001,  vs.  pT3‐LMR:  P=0.036)  and  colon  cancer  specific  survival 
(P=0.007, P<0.001, P=0.018, respectively) as well as significantly worse DFS (P=0.034, P<0.001, 
P=0.010,  respectively).  Nevertheless,  patients  with  pT4  tumors  who  underwent  LMR  had 
comparable  outcomes  to  patients  with  less  advanced  disease.  The  significantly  poorer 
outcomes  in  patients  with  locally  advanced  cancer  who  did  not  undergo  a  multivisceral 
resection  also  withstood  multivariate  analysis,  as  shown  in  the  Cox  proportional  hazard 
models  adjusted  for  pT‐stage  (subdivided  into  pT3,  pT4a,  and  pT4b),  pN‐stage,  adjuvant 
chemotherapy, and R0‐resection [Figure 4]. Compared to patients with a pT4 tumor who did 
undergo a multivisceral resection, pT4‐NMR patients had a 72% increase in the relative hazard 
of overall survival (HR 1.72, 95% CI: 1.02 – 2.90, P=0.041) and almost three‐fold higher hazard 
ratios in the disease‐specific survival model (HR 3.36, 95% CI: 1.40 – 8.09, P=0.007). Moreover, 
DFS remained significantly worse after adjustment (HR 2.47, 95% CI: 1.21 – 5.03, P=0.013). In 
addition  to  surgical  approach,  node‐positive  disease  and  clear  tumor  margins  were 
independent predictors  in all  three models. Adjuvant chemotherapy was only predictive  in 
overall survival. When adjusting for radial margin instead of radical resection, pT4‐NMR was 
no  longer  a  poor  predictor  for  DFS.  Radial margin  <1  cm  (HR  2.03,  95%  CI:  1.16  –  3.53), 
P=0.013)  was  along  with  node‐positive  disease  (HR  2.64,  95%  CI:1.86  –  3.74,  P<0.001) 
independently predictive for poor DFS. 
 
Figure 3. Kaplan Meier survival curves 

 
 
 

Figure 3. Kaplan Meier survival curves

Figure 4. Multivariate Cox proportional hazards survival estimates

serosal surface on pathology was much lower (pT4a: 20.5%; pT3: 8.9%). 
The benefit of LMR in locally advanced colon cancer was empha-

sized by our study with significantly better long-term outcomes in pT4-
LMR patients compared to pT4-NMR patients and comparable oncologic 
outcomes to patients with less advanced disease. Overall survival, colon 
cancer mortality and disease-free survival were all worse in pT4-NMR 
patients compared to pT4-LMR, even after adjustment for potential con-
founders including pTN-stage, adjuvant therapy and the achievement of 
R0 resection. The estimated 5-year OS and DSS in our study was 70.0% 
and 89.6% when a multivisceral resection was performed in pT4 disease. 
These outcomes were comparable to previous reported outcomes 9,17 and 
even more notably, comparable to patients with less advanced disease 
and no tumor invasion (78.6%, 92.8%, respectively). On the contrary, when 
a patient with true tumor invasion did not receive LMR, both OS and DSS 
were significantly worse (46.3%, 67.2%). This poor prognosis remained 
true in the Cox proportional hazard models, including almost three-fold 
higher ratios of colon cancer mortality compared to pT4-LMR  
(HR 3.36, P=0.007).

In terms of disease-free survival, poorer outcomes were mainly ex-
plained by a higher rate of locoregional recurrence particularly the peri-
toneum, where the majority of recurrent disease was located. Despite 
free tumor margins, locoregional recurrence remained higher in patients 
with pT4 tumors who did not undergo a LMR. A possible explanation 
could be the limited circumferential clearance, which was less than 1 cm 
in pT4-NMR patients who developed locoregional recurrence. Although 
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116 the impact of radial margin clearance is extensively investigated for rectal 
cancer and has been demonstrated to be a poor prognostic factor, the 
outcomes in colon cancer are less well-detailed. The extent of a curative 
resection for colon cancer generally includes a proximal and distal margin 
of ≥5 cm.18-19 However, knowledge about accurate circumferential margins 
in colon rectal cancer is lacking, other than recommendations to assess 
the radial margin in the current guidelines 12 and reported poor prognos-
tic outcomes in patients with colon cancer and positive radial margins.20 
Our study demonstrated that a radial margin of less than 1 cm was inde-
pendently predictive for disease recurrence, in particular locoregional 
recurrence. Additionally, lymph-node positive disease remained associat-
ed with worse outcomes after adjustment, which is in line with previous 
studies.21 Because of the established risk factor of lymph node status in 
colon cancer, adjuvant therapy is highly recommended.12 However, adju-
vant therapy was only predictive for overall survival in the Cox propor-
tional hazard model, which suggests that achieving accurate clearance 
of all tumor margins by LMR has a greater impact on disease-specific 
survival and recurrence than could be realized by postoperative therapy. 
Nonetheless, the number of patients that received additional treatment 
should be taken into account. In accordance with current guidelines, the 
administration of adjuvant therapy was higher in node-negative disease. 
However, about one-third of all stage III patients did not receive additional 
treatment mainly because of older age. 

Despite our promising results, 34% of the patients with true tumor in-
vasion on pathology did not receive a LMR. In the majority of those cases, 
invasion was misinterpreted as inflammatory adhesions. The problem re-
mains that it is difficult to discern between true invasion and inflammatory 
adhesions. In our study, only 49.1% of all T4-LMR tumors had pathologic 
confirmed invasion. A multivisceral resection might not have been neces-
sary in the remaining 50.9% of T4 tumors to achieve a complete resection. 
Since it is not possible to make this distinction through imaging, as of yet, 
the decision is based on a surgeon’s perspective only. 

Several factors may play an important role in the decision whether 
or not to perform an extended resection. First, the associated morbidity 
after a multivisceral resection. A recent systematic review reported a 
mean complication rate of 41.5% after multivisceral resections, which was 
significantly higher than the previously described morbidity rate of 20%-
30% after surgery for colon cancer in general.22 Morbidity rates in our 
study were in line with the systematic review by Longo et al, with higher 
complication rates compared to standard procedures. Nonetheless, this 
significant difference was mainly explained by a higher requirement of 
blood transfusion and more postoperative ileus. Differences in surgical 
approach and a longer operation duration in LMR cases might have led to 
these outcomes since open surgery is correlated with the need for blood 
transfusion and postoperative ileus. Additionally, a prolonged operative 
time is known to be a risk factor for ileus.23-25 Other than these two factors, 
postoperative complications were comparable as were readmission and 
reoperation rates when comparing LMR to NMR. This underscores the 
safety of a multivisceral resection. 

Previous studies found several baseline factors between patients 
who did and did not receive LMR, though disparities in our study were 
practically nonexistent. One might assume that surgeons are reluctant to 
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117perform LMR in older patients with more comorbidities. Even though age 
per se is not a contraindication for more extensive surgical procedures, el-
derly patients are often deprived of aggressive surgical treatment.7,26 Our 
study did not support this theory with a similar distribution of both age 
and ASA-score over all four groups. Nevertheless, patient’s age was one 
of the reasons to forgo adjuvant therapy which might be considered as an 
incomplete treatment, in particular when an R0-resection is not achieved.

The inability to distinguish oncologic invasion from inflammatory 
adhesions is a well-known problem. These adhesions are often hard to dis-
cern from true tumor invasion 17,27, subsequently leading to compromised 
oncological outcomes when oncological invasion is misinterpreted as in-
flammatory adhesions. Nonetheless, achieving R0 resection with accurate 
tumor clearance remains most important. This is underlined by our study, 
demonstrating significantly poorer outcomes in terms of both disease 
recurrence and survival in patients with pT4 tumors who did not receive a 
multivisceral resection. On the other hand, when LMR was performed in 
T4 patients, oncologic outcomes were practically similar to those patients 
with less advanced disease. Furthermore, in patients with clinical tumor 
invasion but T3 disease on pathology, LMR does not compromise short-
term outcomes as morbidity rates are comparable with NMR patients. 
Therefore, a resection with wide margins is recommended and should be 
the standard of care when tumor invasion is expected. 

The limitations of this study are inherent to the retrospective design 
and the tertiary setting of our institute. The latter affects the generaliz-
ability of our results as patient and disease characteristics may differ from 
patients in non-referral centers. Furthermore, it is difficult to determine 
resectability in hindsight, since this may differ between surgeons and may 
change over time. Nevertheless, this study presents one of the few analy-
ses of both short- and long-term outcomes in patients who did or did not 
receive LMR for true tumor invasion in colon cancer and in addition evalu-
ates the potential harm of a LMR in patients who did not warrant it.

CONCLUSION

Our study confirms the importance of LMR in patients with extra-colonic 
extension. Patients with pT4 colon cancer who did not receive LMR had 
significantly worse prognosis in terms of disease recurrence and survival, 
even after adjustment for staging, adjuvant therapy, and R0 resection. The 
additional impact of adjuvant chemotherapy on oncologic outcomes was 
only confirmed on overall survival, which underlines the importance of 
clear tumor margins by LMR on disease-specific survival and recurrence. 
Furthermore, when LMR was performed in pT4 colon cancer long-term 
outcomes were practically similar to patients with less advanced disease. 
Postoperative morbidity was comparable between both LMR and NMR 
groups, with the exception of a higher requirement of blood transfusion 
and more frequent postoperative ileus. This emphasizes the safety and 
feasibility of a multivisceral resection and supports the decision to per-
form LMR in all cases when locally advanced cancer is suspected.
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CHAPTER 
7

PATHOLOGIC FACTORS  
are MORE IMPORTANT 

than TUMOR LOCATION in 
LONG-TERM SURVIVAL  

in COLON CANCER
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124 ABSTRACT

PURPOSE
Proximal and distal colon cancers differ in terms of epidemiology, clinical 
presentation, and pathologic features. The aim of our study was to eval-
uate the impact of right-sided (RC), transverse (TC), and left-sided (LC) 
colon cancer on morbidity rates and oncological outcomes.  

METHODS
A retrospective analysis of patients with resected colon cancer between 
2004-2014 was conducted. Cox proportional hazard models were used to 
assess predictors of overall (OS), and disease-specific survival (DSS), as 
well as disease-free survival (DFS). 

RESULTS
A total of 1189 patients were included. RC patients (n=618) were older, 
predominantly women, and had a higher comorbidity rate. LC (n=454) was 
associated with symptomatic presentation and increased rates of laparo-
scopic surgery. Multivisceral resections were more frequently performed 
in TC tumors (n=117). This group was admitted one day longer and had a 
higher complication rate (RC 35.6% vs. TC 43.6% vs. LC 31.1%, P0.032). 
Although the incidence of abscess/leak was similar between the groups, 
the necessity of readmission and subsequent reoperation for a leak was 
significantly higher in LC patients. Pathology revealed more poorly differ-
entiated tumors and microsatellite instability in RC. Kaplan Meier curves 
demonstrated worse 5-year OS for right-sided tumors (RC: 73.0%; TC: 
76.2%. LC: 80.8%, P0.023). However, after adjustment no differences were 
found in OS, DSS, and DFS between tumor location. Only pathological 
features were independently correlated with prognosis, as were baseline 
characteristics for OS. 
	

CONCLUSION
Tumor location in colon cancer was not associated with survival or disease 
recurrence. Pathological differences beyond tumor stage were significant-
ly more important.
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125INTRODUCTION

Colorectal cancer is one of the most commonly diagnosed cancers in both 
men and women worldwide. The decline in incidence and mortality rates 
over the last decades reflects the impact of the reduction of risk factors, 
the introduction of screening programs and altered treatment patterns.1-2 
Previous studies reported a shift in the distribution of colon cancer toward 
the proximal side of the colon.3-4 Already in the early ’90s, a distinction in 
clinical outcomes and pathological features within different segments of 
the colon relative to colon cancer was suggested.5 Subsequent research 
elaborated on this topic and a discussion as to whether to consider proxi-
mal and distal colon cancer as two different diseases was raised.6 Howev-
er, up until now these results have had no consequences on screening or 
treatment patterns. 

The proximal and distal parts of the large intestine are physiolog-
ically separate, due to different embryological origins. The right colon 
arises from the midgut, as does the proximal two-thirds of the transverse 
colon. The left colon, including the distal one-third of the transverse 
colon, derives from the hindgut. Consequently, there is not only a differ-
ence in blood supply, but also potentially in gene expression and clinical 
presentation.6-7 In addition, the genetic carcinogenetic pathways may be 
different.8-10 Three major pathways for sporadic colorectal cancer have 
been described: chromosomal instability (CIN), microsatellite instability 
(MSI) and more recently the serrated pathway classified as the CpG island 
methylator phenotype (CIMP). While CIN is observed in the vast majority 
of colorectal cancers, it is associated with distal cancers, whereas the lat-
ter two pathways have been linked to more proximal colon cancers.8,11

Although distinct differences exist, the influence on prognosis re-
mains unclear. Some studies suggested higher mortality for right-sided 
tumors 7,12, while others found no differences.13 Unfortunately, most of the 
conducted studies were limited in their ability to adjust for a wide range of 
potential confounders. Furthermore, to our knowledge, none of the stud-
ies compared transverse colon cancer as a separate entity. Therefore, the 
aim of our study was to determine clinicopathological differences and the 
prognostic impact of primary tumor location in colon cancer.  

MATERIALS & METHODS

STUDY DESIGN AND POPULATION
A cohort study was designed from a prospectively maintained and IRB 
approved database that included all primary colon cancer patients who 
underwent surgical treatment at Massachusetts General Hospital between 
2004 and 2014. Patients who underwent an emergency procedure (n=152), 
had a total colectomy (n=88), or received neoadjuvant therapy (n=62) 
were excluded. Patients were divided into three groups: right-sided, trans-
verse, and left-sided colon cancer. TC was defined as the resection of 
the transverse colon only, while RC included the resection of the cecum, 
ascending colon, and hepatic flexure, and LC the resection of the splenic 
flexure, descending colon, and sigmoid. 

The main outcome measures for this study were overall survival (OS), 
disease-specific survival (DSS), and disease-free survival (DFS). Data on 
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low-up records and the Massachusetts General Hospital’s cancer registry. 
Secondary outcomes included patient characteristics, pathological fea-
tures, and perioperative outcomes. All time to events was calculated from 
date of surgery.  

STATISTICAL ANALYSES
Continuous variables were analyzed using a Kruskal-Wallis H test for the 
differences between all three groups, while group-specific differences 
compared with the remainder of the population was performed through 
a Mann-Whitney U test. Continuous variables are presented as the 
mean with a standard deviation (SD) or the median with an interquartile 
range (IQR) according to the distribution (Kolmogorov-Smirnov and Sha-
piro-Wilk test). Categorical variables are presented as the percentages 
of patients. Differences in dichotomous variables were assessed using a 
Chi-square (χ2) test or Fisher’s exact test where appropriate. Long-term 
outcomes were performed for stage I-III colon cancer only. Kaplan Meier 
curves for overall (OS), disease-specific survival (DSS), as well as dis-
ease-free survival (DFS) were assessed within each stage and all stages 
combined using log-rank testing. Multivariate analyses were performed 
using a Cox proportional hazard model to determine risk factors for over-
all, disease-specific, and disease-free survival. Variables significant in uni-
variate analysis were entered into the model. Results are reported as Haz-
ard Ratios (HR) with a 95% confidence interval (CI). All statistical analyses 
were performed using SPSS (IBM Corp. Released 2013. IBM SPSS Statis-
tics for Macintosh, Version 24.0. Armonk, NY: IBM Corp.). The threshold 
for statistical significance was set at a two-sided P-value of 0.05 or less.

RESULTS

Of the 1189 patients who underwent an elective single-segment colecto-
my for colon cancer at our tertiary center between 2004 and 2014, 52.0% 
(n=618) had right-sided colon cancer, 9.8% (n=117) a transverse colon can-
cer, and 38.2% (n=454) a left-sided colon cancer. Patient characteristics 
are summarized in Table 1. Median age (RC 71.4 vs. TC 70.3 vs. LC 62.6 
years, P<0.001), and mean ASA-score (RC: 2.43 vs. TC 2.34 vs. LC 2.25, 
P<0.001), were significantly different between the three groups. In terms 
of group-specific differences compared with the remainder of the pop-
ulation, patients with RC were older, had a higher ASA-score (P<0.001), 
were more likely to be female (P0.003) and Caucasian (P0.014). LC pa-
tients were younger, had a lower ASA-score (P<0.001), were more often 
male (P0.003) and Asian (P0.004). When considering comorbidities, RC 
patients had more frequently a history of diverticulitis (P0.045), chronic 
pulmonary disease (P0.029), prior abdominal surgery (P0.011), and anemia 
(P<0.001). The incidence of anemia (P<0.001), congestive heart failure 
(P0.033), chronic pulmonary disease (P0.013), or prior abdominal surgery 
(P0.001) was significantly lower in LC patients. TC patients had a higher 
incidence of alcohol abuse (P0.041). A symptomatic presentation was 
more often seen in patients with left-sided tumors, including complaints 
of changes in stool habits (P0.002), constipation (P0.014), and hematoche-
zia (P<0.001).
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127PATHOLOGY FEATURES 

Statistically significant variations existed between the three groups in 
AJCC-stage, nodal disease, tumor grade, microsatellite instability, tumor 
size, colonic specimen length, and lymph-node harvest (Table 2). Poorly 
differentiated tumors were seen more often in right-sided colon cancer (RC 
22.5% vs. TC 14.5% vs. LC 11.2%, P<0.001), as was high-microsatellite insta-
bility, and presence of both HPMS2 and HMLH1 loss (P<0.001). Lymph-node 
positive disease was correlated with left-sided cancer (RC 37.4% vs. TC 
25.6% vs. LC 43.0%, P0.010). Furthermore, LC was associated with smaller 
tumor size, fewer lymph nodes harvested (P<0.001), and more perineural 
invasion (P0.022). TC was associated with a significantly longer colonic 
specimen length (median RC 20 vs. TC 30 vs. LC 23 cm, P<0.001), and less 
lymph-node positive disease (P0.003). R0 resections were achieved in com-
parable numbers (RC 92.1% vs. TC 96.6% vs. LC 93.6%, P0.182).

Table 1. Patient characteristics and comorbidities

N=1189
Right colectomy
N=618 (52.0%)

Transverse
N=117 (9.8%)

Left colectomy
N=454 (38.2%) P-value

Age 71.4 (60.9-80.3)*** 70.3 (58.5-80.3) 62.6 (51.9-73.8)*** <0.001

Gender, male 273 (44.2%)** 57 (48.7%) 244 (53.7%)** 0.008

ASA 2.43 ±0.60 *** 2.34 ±0.51 2.25 ±0.55 *** <0.001

BMI 26.5 (22.9 – 30.2) 26.5 (23.8 – 31.3) 26.9 (23.5 – 31.1) 0.348

Ethnicity 0.001

	 Caucasian 566 (91.6%)* 103 (88.0%) 396 (87.2%)*

	 Asian 14 (2.3%) 1 (0.9%) 23 (5.1%)**

	 Afro American 17 (2.8%) 6 (5.1%) 14 (3.1%)

	 Other 21 (3.4%) 7 (6.0%) 21 (4.6%)

Alcohol abuse 37 (6.0%) 13 (11.1%)* 29 (6.4%) 0.120

Nicotine dependence 55 (8.9%) 14 (12.0%) 51 (11.2%) 0.355

Comorbidity

	 CHF 40 (6.5%) 9 (7.7%) 17 (3.7%)* 0.088

	 CPD 63 (10.2%)* 11 (9.4%) 27 (5.9%)* 0.045

	 DM II 111 (18.0%) 21 (17.9%) 65 (14.3%) 0.260

	 Diverticulitis 61 (9.9%)* 9 (7.7%) 29 (6.4%) 0.121

	 IBD 7 (1.1%) 0 (0.0%) 6 (1.3%) 0.467

	 Renal disease 35 (5.7%) 6 (5.1%) 22 (4.8%) 0.837

	 Anemia 221 (35.8%)*** 25 (21.4%) 51 (11.2%)*** <0.001

Previous abdominal surgery 282 (45.6%)* 55 (47.0%) 164 (36.1%)** 0.004

Symptoms

	 Hematochezia 42 (6.8%)*** 9 (7.7%) 64 (14.1%)*** <0.001

	 Constipation 22 (3.6%)* 5 (4.3%) 31 (6.8%)* 0.047

	 Abdominal pain 152 (23.6%) 31 (24.8%) 106 (22.2%) 0.767

	 Change stool habit 16 (2.6%)*** 8 (6.8%) 33 (7.3%)** 0.001

Abbreviations: ASA, American Society of Anesthesiologists; BMI, Body Mass Index (kg/m2); CHF, Congestive Heart Failure; 
CPD, Chronic Pulmonary Disease; DM II, Diabetes Mellitus type II; IBD, Irritable Bowel Disease 
Asterisks denote values significantly different from the other resection regions; *P<0.05; **P<0.01; ***P<0.001
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Right colectomy Transverse Left colectomy P-value

Tumor size 4.5 (2.8– 6.5)*** 4.0 (2.5 – 6.0) 4.0 (2.2 – 5.2)*** <0.001

AJCC-stage 

0 33 (5.3%)* 5 (4.3%) 10 (2.2%)* 0.036

	 I 139 (22.5%)* 29 (24.8%) 132 (29.1%)* 0.049

	 II 207 (33.5%) 48 (41.0%)* 114 (25.1%)* 0.001

	 III 166 (26.9%) 22 (18.8%)* 142 (31.3%)* 0.021

	 IV 73 (11.8%) 13 (11.1%) 56 (12.3%) 0.926

T3-T4 424 (69.6%)* 80 (68.4%) 281 (61.9%)* 0.061

N+ 231 (37.4%) 30 (25.6%)** 195 (43.0%)* 0.002

M+ 42 (6.8%) 7 (6.0%) 20 (4.4%) 0.254

Poor differentiation 139 (22.5%)*** 17 (14.5%) 51 (11.2%)*** <0.001

EMVI 165 (26.7%) 31 (26.5%) 134 (29.5%) 0.566

LVI 272 (44.0%) 46 (39.3%) 188 (41.4%) 0.527

Perineural involvement 114 (18.4%) 19 (16.2%) 107 (23.6%)* 0.063

Microsatellite instability

	 High 71 (11.5%)*** 11 (9.4%) 6 (1.3%)*** <0.001

	 Stable 114 (18.4%)** 16 (13.7%)* 130 (28.6%)*** <0.001

	 Unknown 433 (70.1%) 90 (76.9%) 318 (70.0%) 0.301

MRPE

	 HPMS2 loss 76 (12.4%)*** 13 (11.1%) 8 (1.8%)*** <0.001

	 HMLH1 loss 99 (16.1%)*** 17 (14.5%) 8 (1.8%)*** <0.001

	 HMSH6 loss 10 (1.6%) 2 (1.7%) 5 (1.1%) 0.758

	 HMSH2 loss 10 (1.6%) 1 (0.9%) 3 (0.7%) 0.339

Tumor size 4.5 (2.8– 6.5)*** 4.0 (2.5 – 6.0) 4.0 (2.2 – 5.2)*** <0.001

Resection length * 20 (15-26)*** 30 (21-37)*** 23 (17-27)** <0.001

R0-resection 569 (92.1%) 113 (96.6%) 425 (93.6%) 0.182

Lymph node harvest 20 (16 – 28)*** 20 (14 – 26) 18 (13 – 25)*** <0.001

R0-resection 569 (92.1%) 113 (96.6%) 425 (93.6%) 0.182

Abbreviations: AJCC, American Joint Committee on Cancer; EMVI, extramural vascular invasion; LVI, lym-
phovascular invasion; MRPE, mismatch repair protein expression  
Asterisks denote values significantly different from the other resection regions; *P<0.05; **P<0.01; 
***P<0.001 
* Missing data: Resection length, n=753

PERI-OPERATIVE OUTCOMES
Analysis of peri-operative outcomes are demonstrated in Table 3. Left-sid-
ed colon cancer resections were completed more often laparoscopically 
(RC 31.9% vs. TC 30.8% vs. LC 39.0%, P0.010) with a subsequent signifi-
cantly longer median time of surgery (RC 104 vs. TC 135 vs. LC 135 min, 
P<0.001). The overall laparoscopic conversion rate was 4.0%, with no 
difference between the groups (RC 3.1% vs. TC 6.8% vs. LC 4.6%, P0.119). 
The rate of adhesions was remarkably higher in RC patients (P<0.001). Al-
though not significantly different, multivisceral resections were more fre-
quently performed in TC resections (RC 10.4% vs. TC 15.4% vs. LC 8.8%, 
P0.054). Of all patients with transverse colon cancer, 44.4% underwent a 
transverse colectomy and 55.6% an extended right or left colectomy. 

Median length of stay and rate of complications within 30 days of 
surgery was significantly different between the groups. TC patients were 
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129admitted one day longer and developed more complications after surgery 

(RC 35.6% vs. TC 43.6% vs. LC 31.1%, P0.032). However, when including 
the requirement for blood transfusion in the complication rate, postoper-
ative morbidity was comparable with RC but still significantly higher than 
the LC group (RC 46.1% vs. TC 51.3% vs. LC 35.9%, P0.049). On the con-
trary, although incidence of intra-abdominal abscess and/or anastomotic 
leakage was comparable between the groups, the rate of readmission 
was significantly higher in LC patients for abscess/leak (P0.038). This 
was reflected in higher reoperation rates after LC resection (P0.024), with 
anastomotic leakage (42.9%), colonic perforation (14.3%), bowel obstruc-
tion (14.3%), and fascial dehiscence (14.3%) as the main indications for 
reoperation. No differences were found regarding 30-day readmission and 
mortality rates. 

ONCOLOGICAL OUTCOMES
Within the full study cohort, 999 patients were diagnosed with stage 
I-III disease and included in the long-term analysis (Table 4). Median fol-
low-up duration was 48.6 months and comparable between the groups. 
During the study period, more patients with right-sided tumors died with 
a significantly worse 5-year overall survival (RC: 73.0%; TC: 76.2%. LC: 
80.8%, P0.023). Nevertheless, colon cancer specific survival was not dif-
ferent between the groups (RC: 91.7%; TC: 94.2%. LC: 91.8%, P0.372) nor 
was disease recurrence (RC: 85.3%; TC: 89.4%. LC: 81.2%, P0.125). When 
analyzing stage-by-stage, no differences were found in either OS or DSS 
between the three groups. Despite a higher administration of adjuvant 
therapy in patients with left-sided tumors (P<0.001), the estimated 5-year 
disease-free survival tended to be worse for this group compared to the 
remainder of the population (LC 81.2% vs. RC/TC: 85.9%, P0.052). In ad-
dition, we found worse DFS for stage II left-sided colon cancer (LC 80.3% 
vs. RC/TC: 90.2%, P0.019).  

To assess risk factors for both survival and disease recurrence, a multi-
variate analysis was performed. Relationships between patient characteris-
tics, clinicopathological features and long-term outcomes in all patients un-
dergoing curative resection for colon cancer are demonstrated in Table 5. On 
univariate analysis, left-sided colon cancer was associated with better overall 
survival compared to right-sided tumors (HR: 0.73, P0.025). However, after 
adjustment tumor location was no longer associated with worse outcomes. 
Factors independently related to overall mortality included patient-related 
(older age, higher ASA-score, BMI <25 kg/m2, alcohol abuse), procedure-re-
lated (open surgery), as well as tumor-related characteristics (T3-T4 tumors, 
lymph-node positivity, high-grade disease, perineural invasion, R1 resection, 
less than 12 lymph nodes harvested) and the administration of adjuvant ther-
apy. Regarding disease-specific survival, tumor location was not contributory 
in the univariate analysis. Pathological features including lymph-node dis-
ease, lymphovascular invasion, perineural invasion, and high grade disease 
as well as alcohol abuse were associated with worse colon cancer specific 
survival. When analyzing risk factors for disease-free survival, anastomotic 
type appeared to be a risk factor for poorer outcomes. Compared to ileo-co-
lonic anastomoses, patients with a colo-colonic anastomosis had worse dis-
ease-free survival (HR 1.63, P0.048). Risk was non-significantly higher when 
compared to colo-rectal anastomoses (HR 1.37, P0.238). 



C
H

A
P

T
E

R
 7

130 Table 3. Perioperative outcomes 

Right colectomy Transverse Left colectomy P-value

Laparoscopic approach 197 (31.9%)* 36 (30.8%) 177 (39.0%)* 0.036

Surgery duration, min 104 (60 – 155)*** 135 (84 – 196)* 135 (88 – 182)*** <0.001

Conversion 19 (3.1%) 8 (6.8%) 21 (4.6%) 0.119

Adhesions 214 (34.6%)*** 39 (33.3%) 97 (21.4%)*** <0.001

Multivisceral resection 64 (10.4%) 18 (15.4%) 40 (8.8%) 0.112

Admission duration 4 (3-7) 5 (3-9) ** 4 (3-6)*** <0.001

Complication rate 220 (35.6%) 51 (43.6%)* 141 (31.1%)* 0.031

Complication rate, including  blood transfusion 285 (46.1%)* 60 (51.3%)* 163 (35.9%)*** 0.001

In-hospital morbidity 193 (31.2%) 44 (37.6%) 119 (26.9%)* 0.034

Ileus 56 (9.1%) 13 (11.1%) 38 (8.4%) 0.651

Intra-abdominal abscess/leak 12 (1.9%) 2 (1.7%) 12 (2.6%) 0.691

Wound infection 36 (5.8%) 4 (3.4%) 28 (6.2%) 0.514

Peritonitis 9 (1.5%) 0 (0.0%) 3 (0.7%) 0.225

GI bleeding 8 (1.3%) 3 (2.6%) 1 (0.2%)* 0.046

Fascial dehiscence 5 (0.8%) 2 (1.7%) 5 (1.1%) 0.650

Cardiac 49 (7.9%) 12 (10.3%) 22 (4.8%)* 0.050

Respiratory 28 (4.5%) 4 (3.4%) 10 (2.2%) 0.124

Renal 57 (9.2%) 11 (9.4%) 26 (5.7%)* 0.091

Urinary tract infection 32 (5.2%)* 3 (2.6%) 11 (2.4%)* 0.051

DVT 5 (0.8%) 2 (1.7%) 7 (1.5%) 0.467

PE 2 (0.3%) 2 (1.7%)** 0 (0.0%) 0.017

Blood transfusion 138 (22.3%)** 26 (22.2%) 60 (13.2%)*** 0.001

Intravenous fluids 47 (7.6%) 11 (9.4%) 17 (3.7%)** 0.013

TPN 17 (2.8%) 6 (5.1%) 15 (3.3%) 0.402

ICU admission 17 (2.8%) 3 (2.6%) 14 (3.1%) 0.930

Readmission 30 (4.9%) 10 (8.5%) 29 (6.4%) 0.233

Reoperation 7 (1.1%)* 2 (1.7%) 14 (3.1%)* 0.071

Death 7 (1.1%) 1 (0.9%) 3 (0.7%) 0.725

Abbreviations: DVT, deep vein thrombosis; PE, pulmonary embolism; TPN, total parenteral nutrition 
Asterisks denote values significantly different from the other resection regions; *P<0.05; **P<0.01; ***P<0.001
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131Table 4. Long-term oncological outcomes in stage I-III colon cancer

N=999
Right colectomy
N=512 (51.3%)

Transverse
N=99 (9.9%)

Left colectomy
N=388 (38.8%) P-value

Follow-up duration, months 48.6 (22.2-77.4) 50.0 (23.5-71.9) 48.1 (22.4-85.4) 0.884

Disease-free duration, months 43.1 (17.1-71.5) 45.0 (18.3-65.0) 36.0 (16.6-74.6) 0.819

Disease recurrence 58 (11.3%) 9 (9.1%) 58 (14.9%) 0.148

	 Local 5 (1.0%) 2 (2.0%) 7 (1.8%) 0.497

	 Distant 57 (11.1%) 7 (7.1%) 54 (13.9%) 0.134

Adjuvant therapy 104 (20.3%)** 18 (18.2%) 123 (31.7%)*** <0.001

Deceased 142 (27.7%)* 22 (22.2%) 81 (20.9%)* 0.052

Colon cancer death 35 (6.8%) 5 (5.1%) 35 (9.0%) 0.290

Estimate 5-year OS 73.0%* 76.2% 80.8%* 0.070

Estimate 5-year DSS 91.7% 94.2% 91.8% 0.372

Estimate 5-year DFS 85.3% 89.4% 81.2% 0.125

Abbreviations: OS, overall survival; DSS, disease-specific survival; DFS, disease-free survival 
Asterisks denote values significantly different from the other resection regions; *P<0.05; **P<0.01; ***P<0.001

DISCUSSION

Over the last several years, there has been increased interest in identify-
ing the differences between proximal and distal colon cancer. Differences 
in epidemiology, patient demographics, and histological features relative 
to tumor site in colon cancer are observed, yet the location of the tumor is 
often not considered as a separate entity when outcomes are discussed. 
In addition, transverse colon cancers are often excluded altogether or in-
cluded in either the right- or left-sided group for analysis. Therefore, the 
aim of our study was to assess the differences in clinicopathological char-
acteristics as well as long-term outcomes in patients who were diagnosed 
with either a right-sided, left-sided, or transverse colon cancer.

In our study, patients with right-sided colon cancer were older, more 
likely to be female and had poorer histopathological features including 
more T3-T4 tumors and poor differentiation. This is fully consistent with 
previous data.7,13-14 On the other hand, lymph-node positive disease was 
more frequent in LC tumors. Transverse cancer was correlated with stage 
II disease, but the requirement for a multivisceral resection was higher in 
this group due to contiguous involvement of adjacent organs. Regarding 
short-term outcomes, most studies have investigated the rate of com-
plications during admission and these tend to be higher for right-sided 
procedures.7,15-16 Benedix et al demonstrated a higher rate of general 
postoperative complications for RC patients, including pulmonary and 
cardiovascular complications while surgery-related complications were 
almost equally distributed. Other studies concluded that risk of major 
complications was comparable between the two locations.15-18 However, 
knowledge of differences in short-term outcomes after surgery for trans-
verse colon cancer is scarce. Since transverse colon cancer requires either 
an extended colectomy or a transverse colectomy with the need for a co-
lo-colonic anastomosis, we hypothesized that this might lead to a higher 
comorbidity rate and differences in short-term outcomes exist depending 
on the type of resection. Our study demonstrated a longer length of stay 
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132 Table 5. Cox proportional Hazard Ratios and 95% CIs for overall, disease-specific, and disease-free survival (N=999)

Patients 
(%)

Overall survival Disease-specific survival Disease-free survival

Univariate
HR (95% CI) P

Multivariate
HR (95% CI) P

Univariate
HR (95% CI) P

Multivariate
HR (95% CI) P

Univariate
HR (95% CI) P

Multivariate
HR (95% CI) P

Tumor site

	 Right colon 51.3 1.00 1.00 1.00 1.00

	 Transverse colon 9.9 0.80 (0.51-1.26) 0.342 1.17 (0.58-2.34) 0.666 0.74 (0.29-1.88) 0.525 0.79 (0.39-1.60) 0.511

	 Left colon 38.8 0.73 (0.56-0.96) 0.025 1.53 (0.60-3.93) 0.374 1.28 (0.80-2.05) 0.295 1.37 (0.95-1.97) 0.093

             Trans vs. Left 1.10 (0.69-1.76) 0.692 0.76 (0.38-1.52) 0.439 0.57 (0.23-1.47) 0.246 0.58 (0.29-1.17) 0.127

Age (≥65 vs. <65 y) 59.5 3.47 (2.51-4.79) <0.001 2.06 (1.45-2.92) <0.001 1.38 (0.86-2.21) 0.186 0.92 (0.64-1.30) 0.627

Female sex 51.8 1.05 (0.81-1.35) 0.725 1.03 (0.65-1.62) 0.908 0.92 (0.64-1.30) 0.620

ASA-score III-IV (vs. I-II) 36.3 2.96 (2.30-3.82) <0.001 2.29 (1.74-3.02) <0.001 1.45 (0.92-2.31) 0.113 0.99 (0.69-1.45) 0.980

BMI (≥25 vs. <25) 64.2 0.68 (0.53-0.87) 0.003 0.71 (0.54-0.93) 0.014 0.99 (0.62-1.60) 0.980 0.96 (0.67-1.38) 0.812

Alcohol abuse 5.7 2.06 (1.34-3.17) 0.001 1.70 (1.09-2.66) 0.019 3.02 (1.55-5.88) 0.001 3.35 (1.68-6.66) 0.001 2.69 (1.57-4.61) <0.001 2.81 (1.62-4.85) <0.001

Smoking (current or hx) 49.8 1.31 (1.02-1.69) 0.034 1.08 (0.83-1.41) 0.571 1.27 (0.81-2.01) 0.302 1.24 (0.87-1.76) 0.238

Surgical approach (laparoscopic vs. open) 30.1 0.44 (0.28-0.69) <0.001 0.45 (0.28-0.72) 0.001 0.63 (0.35-0.11) 0.110 0.63 (0.36-1.12) 0.116

Surgical procedure (extended vs. segmental) 13.1 1.41 (1.01-1.97) 0.045 1.17 (0.80-1.71) 0.413 1.45 (0.80-2.64) 0.222 1.04 (0.62-1.74) 0.877

Multivisceral resection 8.4 1.50 (1.03-2.19) 0.034 0.86 (0.57-1.28) 0.452 1.26 (0.60-2.62) 0.541 1.26 (0.71-2.24) 0.429

Anastomotic type

	 Ileo-colonic 55.8 1.00 1.00 1.00 1.00 1.00

	 Colo-colonic 12.6 0.83 (0.56-1.23) 0.350 0.75 (0.33-1.71) 0.500 1.10 (0.55-2.21) 0.792 1.71 (1.06-2.76) 0.029 1.63 (1.01-2.65) 0.048

	 Colo-rectal 31.6 0.70 (0.52-0.94) 0.017 0.60 (0.23-1.59) 0.307 1.21 (0.74-1.98) 0.454 1.22 (0.82-1.81) 0.329 1.19 (0.78-1.83) 0.419

	 Colonic vs. rectal 1.19 (0.77-1.83) 0.443 1.25 (0.73-2.16) 0.420 0.91 (0.44-1.88) 0.798 1.40 (0.84-2.34) 0.195 1.37 (0.81-2.31) 0.238

T3-T4 stage (vs. T1-T2) 64.7 1.97 (1.46-2.65) <0.001 1.60 (1.12-2.27) 0.009 3.88 (1.99-7.55) <0.001 2.05 (0.94-4.46) 0.070 4.85 (2.78-8.45)           <0.001 2.27 (1.24-4.14) 0.008

N+ disease 32.9 1.61 (1.25-2.07) <0.001 1.62 (1.19-2.22) 0.002 3.94 (0.26-6.31) <0.001 2.02 (1.14-3.59) 0.017 3.89 (2.70-5.59)          <0.001 2.02 (1.30-3.16) 0.002

High-grade disease 15.2 2.30 (1.72-3.08) <0.001 1.60 (1.16-2.22) 0.004 3.03 (1.84-4.98) <0.001 1.73 (1.03-2.92) 0.040 1.76 (1.16-2.69) 0.008 1.10 (0.71-1.73) 0.665

MSI (stable vs. high) 22.3 0.59 (0.32-1.11) 0.104 0.99 (0.31-3.24) 0.997 1.76 (0.77-4.02) 0.180

EMVI 23.1 2.34 (1.81-3.04) <0.001 1.42 (0.96-2.12) 0.082 5.30 (3.35-8.38) <0.001 1.45 (0.78-2.68) 0.239 4.69 (3.29-6.67)          <0.001 1.78 (1.06-3.00) 0.029

LVI 38.6 2.07 (1.61-2.67) <0.001 1.34 (0.92-1.96) 0.130 6.04 (3.52-10.38) <0.001 2.56 (1.23-5.30) 0.012 4.12 (2.81-6.03)         <0.001 1.43 (0.82-2.51) 0.210

Perineural invasion 15.8 2.42 (1.83-3.20) <0.001 1.69 (1.22-2.34) 0.002 4.80 (3.04-7.58) <0.001 2.08 (1.24-3.48) 0.005 4.18 (2.92-6.00)    <0.001 1.78 (1.19-2.66) 0.005

R0-resection 95.7 0.62 (0.38-0.99) 0.048 0.55 (0.33-0.93) 0.025 0.56 (0.24-1.29) 0.172 0.90 (0.40-2.04) 0.796

LN harvest ≥12 89.6 0.47 (0.35-0.65) <0.001 0.37 (0.26-0.51) <0.001 0.60 (0.33-1.10) 0.097 0.84 (0.49-0.144) 0.527

Adjuvant therapy 24.5 0.53 (0.38-0.75) <0.001 0.34 (0.23-0.51) <0.001 1.70 (1.06-2.70) 0.027 0.65 (0.38-1.10) 0.106 2.17 (1.52-3.10) <0.001 0.88 (0.58-1.34) 0.547

Abbreviations: HR, hazard ratio; CI, confidence interval; ASA, American Society of Anesthesiologists;  
BMI, Body Mass Index (kg/m2); MSI, microsatellite instability; EMVI, extramural vascular invasion; LVI, lymphovascular invasion

and a higher complication rate when the requirement for blood transfu-
sion was excluded. However, when blood transfusion was incorporated in 
the morbidity rate, outcomes were similar with RC patients but still worse 
than after LC surgery. Our relatively high blood transfusion rate could be 
explained by the fact that we incorporated all patients who received blood 
whether or not this was pre-operative, intra-operative or post-operative., 
This was especially true in right-sided colon cancer, since these patients 
often presented with anemia. LC patients had a better postoperative 
course with shorter admission duration and less complications, including 
less general postoperative complications as cardiac and renal events. 
Although the incidence of intra-abdominal abscesses and/or leaks was 
equally distributed, the necessity of readmission and subsequent reoper-
ation for a leak was significantly higher in LC patients. This is in line with 
the overall belief that LC procedures are technically more challenging and 
due to differences in vascularization prone to develop anastomotic leak-
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133Table 5. Cox proportional Hazard Ratios and 95% CIs for overall, disease-specific, and disease-free survival (N=999)

Patients 
(%)

Overall survival Disease-specific survival Disease-free survival

Univariate
HR (95% CI) P

Multivariate
HR (95% CI) P

Univariate
HR (95% CI) P

Multivariate
HR (95% CI) P

Univariate
HR (95% CI) P

Multivariate
HR (95% CI) P

Tumor site

	 Right colon 51.3 1.00 1.00 1.00 1.00

	 Transverse colon 9.9 0.80 (0.51-1.26) 0.342 1.17 (0.58-2.34) 0.666 0.74 (0.29-1.88) 0.525 0.79 (0.39-1.60) 0.511

	 Left colon 38.8 0.73 (0.56-0.96) 0.025 1.53 (0.60-3.93) 0.374 1.28 (0.80-2.05) 0.295 1.37 (0.95-1.97) 0.093

             Trans vs. Left 1.10 (0.69-1.76) 0.692 0.76 (0.38-1.52) 0.439 0.57 (0.23-1.47) 0.246 0.58 (0.29-1.17) 0.127

Age (≥65 vs. <65 y) 59.5 3.47 (2.51-4.79) <0.001 2.06 (1.45-2.92) <0.001 1.38 (0.86-2.21) 0.186 0.92 (0.64-1.30) 0.627

Female sex 51.8 1.05 (0.81-1.35) 0.725 1.03 (0.65-1.62) 0.908 0.92 (0.64-1.30) 0.620

ASA-score III-IV (vs. I-II) 36.3 2.96 (2.30-3.82) <0.001 2.29 (1.74-3.02) <0.001 1.45 (0.92-2.31) 0.113 0.99 (0.69-1.45) 0.980

BMI (≥25 vs. <25) 64.2 0.68 (0.53-0.87) 0.003 0.71 (0.54-0.93) 0.014 0.99 (0.62-1.60) 0.980 0.96 (0.67-1.38) 0.812

Alcohol abuse 5.7 2.06 (1.34-3.17) 0.001 1.70 (1.09-2.66) 0.019 3.02 (1.55-5.88) 0.001 3.35 (1.68-6.66) 0.001 2.69 (1.57-4.61) <0.001 2.81 (1.62-4.85) <0.001

Smoking (current or hx) 49.8 1.31 (1.02-1.69) 0.034 1.08 (0.83-1.41) 0.571 1.27 (0.81-2.01) 0.302 1.24 (0.87-1.76) 0.238

Surgical approach (laparoscopic vs. open) 30.1 0.44 (0.28-0.69) <0.001 0.45 (0.28-0.72) 0.001 0.63 (0.35-0.11) 0.110 0.63 (0.36-1.12) 0.116

Surgical procedure (extended vs. segmental) 13.1 1.41 (1.01-1.97) 0.045 1.17 (0.80-1.71) 0.413 1.45 (0.80-2.64) 0.222 1.04 (0.62-1.74) 0.877

Multivisceral resection 8.4 1.50 (1.03-2.19) 0.034 0.86 (0.57-1.28) 0.452 1.26 (0.60-2.62) 0.541 1.26 (0.71-2.24) 0.429

Anastomotic type

	 Ileo-colonic 55.8 1.00 1.00 1.00 1.00 1.00

	 Colo-colonic 12.6 0.83 (0.56-1.23) 0.350 0.75 (0.33-1.71) 0.500 1.10 (0.55-2.21) 0.792 1.71 (1.06-2.76) 0.029 1.63 (1.01-2.65) 0.048

	 Colo-rectal 31.6 0.70 (0.52-0.94) 0.017 0.60 (0.23-1.59) 0.307 1.21 (0.74-1.98) 0.454 1.22 (0.82-1.81) 0.329 1.19 (0.78-1.83) 0.419

	 Colonic vs. rectal 1.19 (0.77-1.83) 0.443 1.25 (0.73-2.16) 0.420 0.91 (0.44-1.88) 0.798 1.40 (0.84-2.34) 0.195 1.37 (0.81-2.31) 0.238

T3-T4 stage (vs. T1-T2) 64.7 1.97 (1.46-2.65) <0.001 1.60 (1.12-2.27) 0.009 3.88 (1.99-7.55) <0.001 2.05 (0.94-4.46) 0.070 4.85 (2.78-8.45)           <0.001 2.27 (1.24-4.14) 0.008

N+ disease 32.9 1.61 (1.25-2.07) <0.001 1.62 (1.19-2.22) 0.002 3.94 (0.26-6.31) <0.001 2.02 (1.14-3.59) 0.017 3.89 (2.70-5.59)          <0.001 2.02 (1.30-3.16) 0.002

High-grade disease 15.2 2.30 (1.72-3.08) <0.001 1.60 (1.16-2.22) 0.004 3.03 (1.84-4.98) <0.001 1.73 (1.03-2.92) 0.040 1.76 (1.16-2.69) 0.008 1.10 (0.71-1.73) 0.665

MSI (stable vs. high) 22.3 0.59 (0.32-1.11) 0.104 0.99 (0.31-3.24) 0.997 1.76 (0.77-4.02) 0.180

EMVI 23.1 2.34 (1.81-3.04) <0.001 1.42 (0.96-2.12) 0.082 5.30 (3.35-8.38) <0.001 1.45 (0.78-2.68) 0.239 4.69 (3.29-6.67)          <0.001 1.78 (1.06-3.00) 0.029

LVI 38.6 2.07 (1.61-2.67) <0.001 1.34 (0.92-1.96) 0.130 6.04 (3.52-10.38) <0.001 2.56 (1.23-5.30) 0.012 4.12 (2.81-6.03)         <0.001 1.43 (0.82-2.51) 0.210

Perineural invasion 15.8 2.42 (1.83-3.20) <0.001 1.69 (1.22-2.34) 0.002 4.80 (3.04-7.58) <0.001 2.08 (1.24-3.48) 0.005 4.18 (2.92-6.00)    <0.001 1.78 (1.19-2.66) 0.005

R0-resection 95.7 0.62 (0.38-0.99) 0.048 0.55 (0.33-0.93) 0.025 0.56 (0.24-1.29) 0.172 0.90 (0.40-2.04) 0.796

LN harvest ≥12 89.6 0.47 (0.35-0.65) <0.001 0.37 (0.26-0.51) <0.001 0.60 (0.33-1.10) 0.097 0.84 (0.49-0.144) 0.527

Adjuvant therapy 24.5 0.53 (0.38-0.75) <0.001 0.34 (0.23-0.51) <0.001 1.70 (1.06-2.70) 0.027 0.65 (0.38-1.10) 0.106 2.17 (1.52-3.10) <0.001 0.88 (0.58-1.34) 0.547

Abbreviations: HR, hazard ratio; CI, confidence interval; ASA, American Society of Anesthesiologists;  
BMI, Body Mass Index (kg/m2); MSI, microsatellite instability; EMVI, extramural vascular invasion; LVI, lymphovascular invasion

age. However, outcomes are contradictory with more recent studies sug-
gesting no difference in incidence of anastomotic leak between right-sid-
ed and left-sided colectomies.15-16 

The main finding in our study was the worse overall but comparable 
disease-specific survival for right-sided colon cancer. However, when 
analyzing stage-by-stage, the prognostic impact of tumor location was 
no longer observed. After adjusting for multiple variables, only patient 
characteristics and pathological features were independently related 
to overall and disease-specific survival. This is in contrast with previous 
studies including a recent systematic review and meta-analysis that re-
ported worse overall survival for right-sided colon cancer.7,12,19 Most of the 
studies included in the systematic review and meta-analysis evaluated 
only overall survival. The higher comorbidity rate and older age in the 
proximal colon cancer group are a reasonable explanation for the worse 
outcomes, especially since colon cancer specific survival was found to be 
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and ASA-score, information about adjuvant therapy was often lacking. 
Furthermore, we excluded patients who underwent neoadjuvant therapy, 
patients with distant metastasis and we were able to adjust for known 
histopathological risk factors besides TNM-stage. The latter proved to be 
an important factor, since pathologic features such as poor differentiation, 
perineural invasion, and lymphovascular invasion were independent pre-
dictors for worse oncological outcomes. 

The influence of tumor location and disease recurrence is poorly 
investigated. Lim et al found worse DFS for stage III right-sided tumors, 
but this effect disappeared after adjusting for patient and tumor charac-
teristics.20 In our study, left-sided colon cancer patients tended to have a 
worse 5-year disease-free survival, with a significant difference in stage 
II disease. No differences in admission of adjuvant therapy between 
LC and the remainder of the population were found. After adjusting for 
multiple variables, risk factors for worse DFS included advanced TNM-
stage, extramural vascular invasion and perineural invasion as well as 
type of anastomosis. Compared to ileo-colonic anastomoses, patients 
with a colo-colonic anastomosis had worse disease-free survival (HR 1.63, 
P0.048). Outcomes were comparable between colo-colonic and colo-rec-
tal anastomoses (HR 1.37, P0.238) as well as colo-rectal and ileo-colonic 
anastomoses (HR 1.19, P0.419). Previous studies demonstrated that anas-
tomoses close to the anal verge were at risk for developing anastomotic 
leakage.21-22 In rectal cancer, anastomotic leakage is associated with an 
increased risk of local recurrence, whereas the impact of distant recur-
rence remains debatable.23-25 Knowledge about the impact of anastomotic 
leakage and recurrent disease in colon cancer is limited. Although previ-
ous studies demonstrated conflicting results, there is some evidence that 
anastomotic leakage is associated with reduced disease-free survival.26-27

Our study has several strengths and limitations. To our knowledge, 
this is the first study that assessed differences in clinicopathological and 
long-term outcomes between different segments in colon cancer and in-
cluded transverse colon cancer as a separate entity. Moreover, only one 
study reported disease-free survival concerning this topic. Due to a pro-
spectively maintained single-center database, another major strength of 
our study is the ability to adjust for multiple confounders. However, selec-
tion bias is inherent to the retrospective design and although we adjusted 
for important clinicopathological factors, the determination of MSI status 
was not yet routine management during our study period. Consequently, 
the prognostic impact of MSI, associated with right-sided colon cancer, 
might be underestimated in our analysis. 
 

CONCLUSION

Although distinct differences were found between right-sided, transverse, 
and left-sided colon cancer in terms of patient characteristics, histopatholog-
ical features and 30-day morbidity, tumor location in colon cancer was not 
independently associated with survival and disease recurrence. Nonetheless, 
pathological differences beyond tumor stage were significantly more import-
ant. Future research should elaborate on differences in disease characteristics 
leading to potential different optimal treatments in colon cancer. 
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CANCER OUTCOMES
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138 ABSTRACT

BACKGROUND AND OBJECTIVES
Vascular invasion, in particular extramural venous invasion (EMVI), is a 
pathologic characteristic that has been extensively studied in rectal can-
cer but rarely in colon cancer. This study aims to evaluate its prognostic 
role in stage II-III colon cancer.

METHODS 
All stage II-III colon cancer patients who underwent surgery between 
2004-2015 were reviewed. We divided the study group into patients with-
out invasion, with intramural invasion only (IMVI), EMVI only, and both 
IMVI/EMVI (n=923). 

RESULTS
EMVI was associated with other high-risk features, including T4, N+ dis-
ease, lymphatic, and perineural invasion (P<0.001). EMVI+ patients had 
considerably higher rates of locoregional and distant recurrence and 
subsequently disease-specific mortality (stage-II: odds ratio (OR) 3.64, 
P=0.001, stage-III OR:1.94, P=0.009), whereas outcomes were compa-
rable between IMVI and no vascular invasion (OR:1.21, P=0.764, OR:1.28, 
P=0.607, respectively). The adjusted hazard ratios for EMVI+ patients on 
disease-free survival, and disease-specific survival were 2.07 (P<0.001), 
1.67 (P=0.027), respectively. Moreover, EMVI+ stage-II patients fared 
worse than EMVI– stage-III patients, even after adjusting for  
adjuvant chemotherapy. 

CONCLUSION
EMVI is a strong predictor for worse oncologic outcomes in stage II-III co-
lon cancer patients, whereas IMVI is not. It is also associated with worse 
outcomes compared in patients with higher stage disease who are  
EMVI negative.
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139INTRODUCTION

Colorectal cancer is one of the most prevalent malignancies in both men 
and women worldwide. Survival and recurrence rates vary considerably 
depending on baseline staging and tumor characteristics.1 Available adju-
vant and neoadjuvant treatment options surrounding operative treatment 
range from surveillance to chemoradiation regimens. The decision wheth-
er or not to treat needs to be made on a case-by-case basis, considering 
the risks of both under and over treatment. To address this, efforts have 
been made to identify factors beyond the standard Tumor, Node, Metas-
tasis (TNM) classification to stratify risks of recurrence and mortality. As a 
result, pathological and molecular features including poorly differentiated 
cancers, lymphovascular invasion, perineural invasion, and microsatellite 
instability have been validated as risk factors.2-4

Traditionally, validation of prognostic factors is done in cohorts 
grouping colon and rectal cancer together, rather than separately, for the 
sake of statistical power even though treatment approaches and tumor 
biology are markedly different.5-7 It is necessary to ensure that such fac-
tors are valid for colon cancer as well as rectal cancer. An example of this 
discrepancy is extramural vascular invasion (EMVI) or vascular invasion 
beyond the muscularis propria. In large part due to the potential finding 
of EMVI during preoperative magnetic resonance imaging (MRI) in rectal 
cancer 8,9, a diagnostic modality that is not routinely performed in tumors 
of the colon. EMVI has been well scrutinized in rectal cancer 10-12 but far 
less so in tumors of the colon.13 Nonetheless, the College of American 
Pathologists recommend recording the status of vascular invasion during 
routine pathologic examination in both colon and rectal cancer patients 
14 because of the unfavorable outcomes and increased risk of hepatic 
metastasis.15 Current guidelines also incorporate vascular invasion as a 
histologic risk feature in colon cancer, for which adjuvant therapy could 
be considered. Besides lacking data on colon cancer specific outcomes, 
little is known about the importance of separating intramural and extra-
mural venous invasion. Therefore, the aim of this study was to evaluate 
the impact of vascular invasion, both intramural and extramural, on long-
term oncologic outcomes in stage II and III colon cancer patients without 
distant metastasis.

METHODS

PATIENTS
All patients treated surgically for a primary colorectal carcinoma at 
Massachusetts General Hospital between 2004 and 2015 (n=2287) were 
included in a prospectively maintained survival and outcomes database 
after institutional review board approval. Data on patients was gathered 
from patient visit records, the institutional research patient data reposi-
tory, the social security death index, as well as patient records from our 
healthcare network. 

Due to the significant differences in treatment approach, tumor 
biology, and the intent to specifically explore the impact of vascular in-
vasion on colonic tumors, we exclusively focused on colon cancer and 
did not include patients with tumors of the rectum (n=642). We excluded 
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metastatic disease (n=246). Furthermore, as only 14 out of 285 patients 
with stage I disease16 revealed either intra- or extramural vascular invasion, 
we decided to exclude patients with stage I disease as well, leaving 923 
patients for final analysis. We divided patients into four groups: no inva-
sion, intramural vascular invasion (IMVI) only, extramural vascular invasion 
(EMVI) only, and both IMVI and EMVI. 

PATHOLOGIC EXAMINATION
Standardized pathologic examination was performed by a team of dedi-
cated gastrointestinal pathologists during the full length of our study. For 
the purpose of this paper, tumors of the colon were defined as any tumor 
more than 15 centimeters from the anal verge. Right-sided tumors includ-
ed those located from the cecum to the hepatic flexure, transverse colon 
cancer included transverse tumors only, tumors located from the splenic 
flexure proximal to the sigmoid were defined as left-sided cancer, and 
(recto)sigmoid tumors were located from the sigmoid to the rectosigmoid. 
Tumor stage was assessed according to the seventh edition of the Ameri-
can Joint Committee on Cancer.16 Tumor grading was categorized accord-
ing to the classification designed by the World Health Organization.17

The presence of vascular invasion was assessed on hematoxylin and 
eosin-stained (H&E) slides. Vessels with an unequivocal endothelial lining 
were considered lymphatic (small), whereas large vessels (venous) included 
all with a muscular wall. In suspicious cases, sections at multiple levels and 
elastic stains have been used to confirm venous invasion. Intramural vascu-
lar invasion (IMVI) was defined as the presence of large vessel invasion in 
the submucosal and/or muscular layer. Venous invasion beyond the muscu-
laris propria was considered extramural vascular invasion (EMVI). [Figure 1]

PRIMARY AND SECONDARY OUTCOMES
Disease recurrence was our primary outcome, divided into locoregional 
recurrence, including all recurrences within the original tumor bed (con-
tiguous to the original site of the tumor, peri-anastomotic, peritoneum, 
and retroperitoneum), and distant recurrence (liver, lung, and other non-
regional organs). Determination of disease recurrence was made by histo-
logical or clinical and radiological examinations. 

Secondary outcomes were time to disease recurrence, and overall 
and disease-specific survival. Data on long-term outcomes and survival 
were periodically updated by reviewing patient’s records and the US So-
cial Security Death Index. The last status review of survival and follow-up 
was on March 1st, 2018. Patients alive at the closure of the study or lost to 
follow-up were censored. All time to events were expressed in months, 
measured from date of surgery. Recurrent or metastatic disease within 30 
days of the original admission was considered baseline metastases and 
therefore excluded from our study cohort.

All patients underwent a standardized surveillance according to the 
American Society of Clinical Oncology (ASCO) and the National Compre-
hensive Cancer Network (NCCN) guidelines.6,18 Postoperative treatment 
was considered for all patients. The decision whether or not to admin-
istrate adjuvant chemotherapy was made on an individual basis after 
reviewing pathology results and assessing the performance status of the 
patients and their consent to the therapy. 
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STATISTICAL ANALYSIS
Statistical analysis was performed using SPSS (Version 24.0; SPSS Inc, 
Chicago, IL, USA). A two-tailed P-value below 0.05 was considered the 
threshold for statistical significance. Descriptive statistics (percentage, 
medians with interquartile range or means with standard deviation) were 
used to illustrate differences in baseline characteristics, if any. Subse-
quently, outcomes were compared among EMVI positive and negative 
patients. Outcomes analyzed were, metastatic recurrence, and overall and 
disease-specific mortality, expressed as percentage outcomes, compared 
for significance using a chi-square (Χ2) coefficient. Kaplan-Meier survival 
estimates were compared using Log-Rank tests. 

Additionally, multivariate analyses using Cox proportional hazard re-
gression models were performed to analyze the impact of vascular invasion 
on disease recurrence and colon cancer specific survival. Hazard ratios (HR) 
with corresponding 95% confidence intervals (CI) were estimated. Variables 
included in the model were: age, ASA-score, vascular invasion  
(no invasion – IMVI only – EMVI only – both IMVI and EMVI), TN-stage, tu-
mor location, lymphatic invasion, high grade disease (including poorly dif-
ferentiated adenocarcinomas, mucinous and signet-cell carcinomas), peri-
neural invasion, microsatellite instability, bowel obstruction at presentation, 
R0-resection, and adjuvant chemotherapy. Lastly, differences in long-term 
outcomes were also demonstrated per AJCC substage using Kaplan-Meier 
survival analyses, as well as for the EMVI-subgroup only.

Figure 1. Histology of intramural and extramural vascular invasion.

*
*

*

A B

C D

*

A: EMVI in a large vein, x40 
B: Higher magnification of A (x200) highlights vein wall (arrow) 
C: EMVI in a smaller vein, x200 
D: IMVI, x200.  
* in all panels highlights muscular artery
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BASELINE CHARACTERISTICS
A consecutive cohort of 923 patients with AJCC stage II or stage III was 
included, of whom 59 patients had intramural vascular invasion only on 
surgical pathology, 163 patients had extramural vascular invasion, and 59 
patients had both IMVI and EMVI. None of the baseline characteristics, 
including age, gender, ethnicity, BMI, and emergency admissions differed 
significantly based on vascular invasion status. Patients with vascular inva-
sion, regardless of the precise location, presented more often with a large 
bowel obstruction (10.7% vs. 5.9%; P=0.011), while perforation at presenta-
tion rates were comparable. Table 1 shows baseline characteristics  
in detail.

Tumor location did not differ between the groups. Rates of R0-re-
sections tended to be lower when IMVI and EMVI were both present 
(P=0.057). Patients with EMVI+ tumors or both IMVI/EMVI demonstrated 
significantly higher rates of node-positive disease as well as higher inci-
dences of T4 tumors, lymphatic invasion, and perineural invasion. Num-
bers of examined lymph nodes were not different between the groups; 
neither did the number of patients in whom less than 12 lymph nodes  
were examined. 

OUTCOMES
Vascular invasion was present in 21.1% of stage II patients and 40.0% of 
stage III patients (Table 2 and 3). An increasing rate was in particular true 
for EMVI+ patients (stage II: 11.0%; stage III: 24.5%). The detection rate of 
vascular invasion, however, slightly increased over the study period from 
27.5% in the first half (stage II: 16.7%, stage III: 38.6%) to 33.3% (25.3%, 
41.3%, respectively) in the latter. Lymphatic invasion was far more preva-
lent in EMVI+ or IMVI/EMVI+ patients, with a significant higher rate than 
IMVI+ patients in stage II (P<0.001). Moreover, presence of small vessel 
invasion in vascular negative patients was lower, though certainly not ab-
sent (stage II: 19.1%; stage III: 45.1%).

In line with current guidelines, rates of adjuvant chemotherapy were 
higher in stage III disease. A total of 332 stage III patients (72.5%) received 
postoperative treatment compared to 89 (19.1%) stage II patients. The 
most common reasons to forego further treatment were comorbidity or 
age (49.0%) and patient’s refusal (40.8%). In stage II disease, rates of post-
operative chemotherapy admission were significantly higher in patients 
with EMVI (P=0.001), whereas no differences were found in stage III dis-
ease (P=0.909)

Regardless of stage, the presence of vascular invasion was strongly 
associated with locoregional and distant recurrence. In stage II, EMVI+ 
and IMVI/EMVI+ patients had significantly higher rates of locoregional 
and distant recurrence compared to patients without invasion or IMVI 
only (P=0.004, P=0.042, respectively), subsequently leading to impaired 
disease-free survival (DFS), overall survival (OS), and disease-specific sur-
vival (DSS). With regards to stage III disease, rates of distant recurrence 
increased substantially in all groups, but remained higher in the EMVI+ 
group (P<0.001).
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143Table 1. Baseline and Tumor Characteristics

Total
n = 923

No invasion
n = 642

IMVI only
n = 59

EMVI only
n = 163

Both
n = 59 P-value

Age, years 69.0 (57.7-79.8) 69.4 (57.8-79.8) 74.9 (60.2-82.6) 68.1 (58.0-78.6) 65.9 (55.1-78.7) 0.329

Female gender 487 (52.8%) 342 (53.3%) 35 (59.3%) 83 (50.9%) 27 (45.8%) 0.481

Caucasian 826 (89.5%) 575 (89.6%) 55 (93.2%) 143 (87.7%) 53 (89.8%) 0.782

ASA score 2 (2-3) 2 (2-3) 2 (2-3) 2 (2-3) 2 (2-3) 0.314

BMI, kg/m2 26.7 (23.2-30.7) 26.8 (23.3-30.8) 27.2 (23.1-31.7) 26.4 (23.3-29.8) 26.9 (22.7-33.2) 0.797

Inflammatory Bowel disease 27 (2.9%) 19 (3.0%) 1 (1.7%) 5 (3.1%) 2 (3.4%) 0.946

Urgent admission 99 (10.7%) 66 (10.3%) 8 (13.6%) 16 (9.8%) 9 (15.3%) 0.566

	 Bowel obstruction 68 (7.4%) 38 (5.9%) 6 (10.2%) 17 (10.4%) 7 (11.9%) 0.084

	 Bowel perforation 25 (2.7%) 18 (2.8%) 1 (1.7%) 4 (2.5%) 2 (3.4%) 0.941

Tumor location 0.140

	 Right-sided 479 (51.9%) 336 (52.3%) 38 (64.4%) 82 (50.3%) 23 (39.0%)

	 Transverse colon 83 (9.0%) 60 (9.3%) 3 (5.1%) 12 (7.4%) 8 (13.6%)

	 Left-sided 94 (10.2%) 67 (10.4%) 8 (13.6%) 12 (7.4%) 7 (11.9%)

	 (Recto)sigmoid colon 250 (27.1%) 166 (25.9%) 9 (15.3%) 54 (33.1%) 21 (35.6%)

	 Multiple sites 17 (1.8%) 13 (2.0%) 1 (1.7%) 3 (1.8%) 0 (0.0%)

R0-resection 890 (96.4%) 625 (97.4%) 57 (96.6%) 154 (94.5%) 54 (91.5%) 0.057

Tumor characteristics

Stage II disease 465 (50.4%) 367 (57.2%) 33 (55.9%) 51 (31.3%) 14 (23.7%) <0.001

Tumor size 5.0 (3.5-7.5) 5.2 (3.5-7.7) 4.7 (3.5-7.5) 5.0 (3.5-7.0) 5.3 (3.5-10.9) 0.604

High grade 239 (26.1%) 154 (24.2%) 13 (22.4%) 51 (31.3%) 21 (36.2%) 0.073

T4 tumor 237 (25.7%) 130 (20.2%) 12 (20.3%) 67 (41.1%) 28 (47.5%) <0.001

Lymphatic invasion 376 (40.7%) 194 (30.2%) 27 (45.8%) 107 (65.6%) 48 (81.4%) <0.001

Perineural invasion 211 (22.9%) 90 (14.0%) 15 (25.4%) 69 (42.6%) 37 (62.7%) <0.001

Lymph nodes examined 21 (16-29) 21 (16-29) 21 (16-29) 20 (16-29) 23 (17-35) 0.605

<12 lymph nodes examined 69 (7.5%) 48 (7.5%) 3 (5.1%) 12 (7.4%) 6 (10.2%) 0.775

Microsatellite instability 0.061

	 High 125 (13.5%) 95 (14.8%) 7 (11.9%) 14 (8.6%) 9 (15.3%)

	 Low 39 (4.2%) 31 (4.8%) 3 (5.1%) 5 (3.1%) 9 (0.0%)

	 Stable 392 (42.5%) 251 (39.1%) 32 (54.2%) 79 (48.5%) 30 (50.8%)

	 Not tested 367 (39.8%) 265 (41.3%) 17 (28.8%) 65 (39.9%) 20 (33.9%)

Proportions are presented for categorical data, median with IQR for all continuous data.  
Abbreviations: ASA: American Society of Anesthesiologists, BMI: Body Mass Index (kg/m2)

SUBGROUP ANALYSIS
In stage II disease, time to disease recurrence was comparable between 
patients with no invasion and IMVI only (5-year DFS: 85.5% vs. 93.3%, 
P=0.332). Overall survival and disease-specific survival were also com-
parable between these two groups (OS: P=0.601, DSS: P=0.208). None-
theless, EMVI+ patients demonstrated worse outcomes compared to no 
invasion (DFS: P=0.002, OS: P=0.001, DSS: P<0.001) (Figure 2).

The poor prognosis for EMVI+ tumors was emphasized in stage III dis-
ease. Time to disease recurrence, overall survival, as well disease-free survival 
was all worse when extramural vascular invasion was present (P<0.001), while 
no differences between the IMVI group and no invasion group were found. 
Interestingly, the estimated survival rates of stage III patients without vascular 
invasion or IMVI+ only were comparable with stage II EMVI+ patients (DFS: 
P=0.281, DSS: P=0.101), indicating once more the importance of EMVI.
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Stage II patients
No invasion
n = 367

IMVI only
n = 33

EMVI only
n = 51

Both
n = 41 P-value

Lymphatic invasion 70 (19.1%) 8 (24.2%) 21 (41.2%) 9 (64.3%) <0.001

Adjuvant chemotherapy 60 (16.3%) 5 (15.2%) 17 (33.3%) 7 (50.0%) 0.001

Locoregional recurrence 26 (7.1%) 0 (0.0%) 10 (19.6%) 2 (14.3%) 0.004

Distant recurrence 42 (11.4%) 2 (6.1%) 12 (23.5%) 3 (21.4%) 0.042

Disease-free survival 0.004

	 K-M 3-year estimate | NAR 88.6% | 238 93.3% | 28 67.5% | 23 71.8% | 7

	 K-M 5-year estimate | NAR 85.2% | 174 93.3% | 28 67.5% | 23 71.8% | 7

Overall survival <0.001

	 K-M 3-year estimate | NAR 85.4% | 239 85.9% | 20 69.6% | 28 36.9% | 2

	 K-M 5-year estimate | NAR 78.6% | 154 79.8% | 13 57.3% | 16 36.9% | 2

Colon cancer specific survival <0.001

	 K-M 3-year estimate | NAR 96.5% | 239 93.2% | 27 81.8% | 28 69.2% | 5

	 K-M 5-year estimate | NAR 95.0% | 156 93.2% | 27 77.0% | 16 69.2% | 5

Abbreviations: IMVI: Intramural Vascular Invasion; EMVI: Extramural Vascular Invasion; K-M: Kaplan Meier. NAR: Number 
at risk  
Survival estimates calculated by log-rank

Table 2. Outcome differences by vascular invasion status, stage II (n=465)

Table 3. Outcome differences by vascular invasion status, stage III (n=458)

Stage III patients
No invasion
n = 275

IMVI only
n = 26

EMVI only
n = 112

Both
n = 45 P-value

Lymphatic invasion 124 (45.1%) 19 (73.1%) 86 (76.8%) 39 (86.7%) <0.001

Adjuvant chemotherapy 197 (71.6%) 20 (76.9%) 83 (74.1%) 32 (71.1%) 0.909

Locoregional recurrence 35 (12.7%) 6 (23.1%) 29 (25.9%) 8 (17.8%) 0.015

Distant recurrence 49 (17.8%) 6 (23.1%) 49 (43.8%) 14 (31.1%) <0.001

Disease-free survival <0.001

	 K-M 3-year estimate | NAR 81.0% | 153 78.5% | 18 52.3% | 37 61.4% | 18

	 K-M 5-year estimate | NAR 76.6% | 90 70.7% | 9 46.1% | 28 55.8% | 10

Overall survival 0.009

	 K-M 3-year estimate | NAR 79.3% | 173 68.0% | 17 67.7% | 62 55.7% | 22

	 K-M 5-year estimate | NAR 68.0% | 100 60.4% | 8 55.2% | 32

78.8% | 62
66.8% | 32

44.3% | 10

69.6% | 22
55.4% | 10

Colon cancer specific survival <0.001

	 K-M 3-year estimate | NAR 91.3% | 173 78.3% | 18

	 K-M 5-year estimate | NAR 85.5% | 106 78.3% | 18

Abbreviations: IMVI: Intramural Vascular Invasion; EMVI: Extramural Vascular Invasion; K-M: Kaplan Meier. NAR: Number 
at risk Survival estimates calculated by log-rank

SURVIVAL AND MULTIVARIATE ANALYSES
Median follow-up was 43.9 months, which was not significantly different 
between stage (II: 46.2 months vs. III: 40.7 months, P=0.122). In multivari-
ate Cox proportional hazard models, time to disease recurrence remained 
significantly shorter in patients who were EMVI+ compared to those 
without (HR=2.07; 95% CI: 1.46 – 2.93, P<0.001)(Table 4). Although hazard 
ratios were higher in the IMVI/EMVI+ cohort, outcomes were not signifi-
cantly different after adjustment (HR=1.52; 95% CI: 0.88 – 2.63, P=0.135). 
This was different in colon cancer specific survival, with more than two-
fold higher hazard ratios for the IMVI/EMVI+ cohort (HR=2.39; 95%  
CI:1.31 – 4.36, P=0.005). Similarly to DFS, EMVI+ withstood adjustment 
in the DSS model (HR 1.67; 95% CI: 1.06 – 2.64, P=0.027). Along with vas-
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cular invasion, ASA-score, T4 tumors, lymph-node positive disease, high 
grade tumors, perineural invasion, and bowel obstruction at presentation 
were all found to be independent predictors for both DFS and DSS. More-
over, time to disease-specific mortality was shorter in patients with distal 
tumors and patients in patients with an incomplete tumor resection. The 
administration of adjuvant chemotherapy did not have a significant effect 
in adjusted Cox regression models for aforementioned survival outcomes.

The negative impact of EMVI on disease-free and disease-specific 
survival was underlined by univariate stage-by-stage Kaplan Meier curves 
focusing on patients with or without EMVI positive tumors (Figure 3). 
Both DFS and DSS were worse for EMVI+ patients, regardless of stage 
(P<0.001). Moreover, DFS was comparable between stage II EMVI+ and 
stage III EMVI- patients (P=0.098), but DSS was significantly worse for 
the first group (P=0.021). When adjusting for adjuvant chemotherapy, 
outcomes remained similar to the univariate analyses including a non-sig-
nificant difference in DFS between stage II EMVI+ and stage III EMVI-, but 
higher hazard ratios for colon cancer specific survival in stage II EMVI+ 
(HR=2.02; 95% CI: 1.10 – 3.71, P=0.024).

Outcomes are based on unadjusted (upper) and adjusted (lower) 
analyses. AJCC stage II-patients are represented with blue lines (solid line 
is EMVI +, dotted line is EMVI -), AJCC stage III-patients are represented 
with red lines (solid line is EMVI +, dotted line is EMVI -).

AJCC stage II AJCC stage III

P=0.004 P<0.001

P<0.001 P<0.001

No invasion versus IMVI P=0.332
No invasion versus EMVI P=0.002

No invasion versus IMVI+EMVI P=0.080

No invasion versus IMVI P=0.496
No invasion versus EMVI P<0.001

No invasion versus IMVI+EMVI P=0.001

No invasion versus IMVI P=0.208
No invasion versus EMVI P<0.001

No invasion versus IMVI+EMVI P<0.001

No invasion versus IMVI P=0.107
No invasion versus EMVI P<0.001

No invasion versus IMVI+EMVI P<0.001

Figure 2. Survival outcomes per AJCC stage. 
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DISCUSSION

In this study, extramural venous invasion proved to be a strong and in-
dependent predictor of disease-free and disease-specific survival, while 
patients with only intramural venous invasion had comparable outcomes 
to those without any invasion. Patients with EMVI positive tumors were 
almost three times as likely to develop disease recurrence or die from co-
lon cancer compared to patients with no vascular invasion detected. This 
remained true after adjusting for potentially confounding factors including 
baseline staging, demographics, histologic high risk features, and postop-
erative treatment. The prognostic impact of EMVI on colon cancer mor-
tality was comparable to that of other risk factors, including lymph-node 
positive disease, high grade disease, and perineural invasion, stronger 
than the impact of lymphatic invasion, but inferior to T4 tumors, bowel 
obstruction and tumor clearance. Differences in oncologic outcomes were 
present in both stage II as stage III disease, though more profound in the 
latter. All outcomes were found to be independent of adjuvant chemo-
therapy status. Additionally, although EMVI+ patients received adjuvant 
treatment in stage II disease twice as often as patients without invasion or 
with only IMVI, patients with stage II and EMVI positive tumors still fared 
worse. In fact, the effect was of such a magnitude that stage II patients 
with EMVI had worse disease-specific survival than stage III patients with-

Table 4. Cox proportional regression models of disease-free survival and disease-specific survival

Variable

Disease-free survival Colon cancer specific survival

HR (95% CI) P-value HR (95% CI) P-value

Age 1.00 (0.99-1.01) 0.949 1.01 (0.99-1.02) 0.172

ASA-score, III-IV 1.36 (1.00-1.83) 0.048 1.46 (1.01-2.10) 0.044

Vascular invasion

	 Absent Reference Reference

	 IMVI only 0.74 (0.34-1.59) 0.436 1.53 (0.72-3.25) 0.270

	 EMVI only 2.07 (1.46-2.93) <0.001 1.67 (1.06-2.64) 0.027

	 IMVI + EMVI 1.52 (0.88-2.63) 0.135 2.39 (1.31-4.36) 0.005

T4 tumors 1.50 (1.09-2.06) 0.012 2.14 (1.46-3.13) <0.001

Lymph-node disease 1.56 (1.12-2.16) 0.008 1.61 (1.04-2.48) 0.033

Tumor location

	 Right-sided Reference Reference

	 Transverse 0.84 (0.45-1.57) 0.581 1.24 (0.60-2.56) 0.561

	 Left sided 1.60 (0.99-2.57) 0.052 1.58 (0.86-2.91) 0.144

	 (Recto)Sigmoid 1.38 (0.97-1.95) 0.076 1.75 (1.13-2.73) 0.013

	 Multiple 2.09 (0.83-5.25) 0.116 2.41 (0.73-7.91) 0.148

Lymphatic invasion 1.30 (0.93-1.83) 0.130 1.48 (0.95-2.30) 0.080

High grade 1.64 (1.18-2.28) 0.003 1.77 (1.21-2.59) 0.003

Perineural invasion 1.72 (1.23-2.41) 0.002 1.59 (1.05-2.42) 0.028

MSI-high versus stable/low 0.69 (0.40-1.17) 0.167 0.82 (0.41-1.61) 0.555

Bowel obstruction 1.87 (1.18-2.96) 0.008 2.40 (1.43-4.03) 0.001

R0-resection 0.61 (0.34-1.12) 0.112 0.42 (0.23-0.77) 0.005

Adjuvant chemotherapy 1.16 (0.81-1.68) 0.421 0.95 (0.57-1.60) 0.852

Abbreviations: ASA: American Society of Anesthesiologists; IMVI: Intramural Vascular Invasion; EMVI: Extra-
mural Vascular Invasion; HR: Hazard Ratio; CI: Confidence Interval
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out EMVI, independent of adjuvant therapy. This reiterates the finding 
that extramural vascular invasion is a poor prognostic sign in colon cancer, 
for which more targeted approaches or a more aggressive follow-up may 
be needed to truly benefit patients with EMVI positive tumors. 

CURRENT PERSPECTIVE 
Extramural vascular invasion is already an important baseline character-
istic in rectal cancer.19-20 As a prognostic factor, it is used to potentially 
predict high-risk disease or in some institutions to determine the need for 
preoperative chemoradiation. These tumors have an increased potential 
for vascular seeding: as the tumor is aggressive enough to directly invade 
blood vessels, it makes sense that these patients are at higher risk of hav-
ing occult disease. Although the impact of EMVI is less well understood 
in colon cancer, vascular invasion should be taken into consideration as 
a high risk feature in stage II disease for which adjuvant therapy could 
be considered. Moreover, this study emphasized the difference between 
intramural and extramural vascular invasion, as only the latter was associ-
ated with poor outcomes. 

Magnetic resonance imaging has made preoperative detection of 
EMVI in rectal cancer an important item of the baseline assessment.21 This 
approach is not useful for tumors of the colon, as magnetic resonance im-
aging cannot account for the location and colonic peristalsis. Computed 
tomography is the only alternative but does not have sufficient resolution 
or tissue differentiation to identify vascular invasion reliably. Our hypoth-

Figure 3. Survival outcomes per EMVI status, univariate and adjusted for adjuvant chemotherapy.

Stage II P<0.001
Stage III P<0.001

Stage II EMVI+ vs. Stage III EMVI- P=0.098

Stage II P<0.001
Stage III P<0.001

Stage II EMVI+ vs. Stage III EMVI- P=0.021
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Stage II : HR 2.66 (1.51-4.68) P=0.001
Stage III : HR 2.79 (1.96-3.97) P<0.001

Stage II EMVI+ vs. Stage III EMVI- : 
HR 1.59 (0.91-2.77)

P=0.101

Stage II : HR 5.30 (2.70-10.39) P<0.001
Stage III : HR 2.55 (1.68-3.88) P<0.001

Stage II EMVI+ vs. Stage III EMVI- : 
HR 2.02 (1.10-3.71)

P=0.024
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a very important prognostic factor to predict recurrence and colon can-
cer-specific mortality proved to be true in this study comprising a large 
cohort of stage II and III colon cancer patients spanning over a decade. 

LIMITATIONS AND FURTHER RESEARCH
As most metastatic disease presents within 24 months of baseline treat-
ment, many patients may already have metastatic disease which is impos-
sible to detect on presentation. These cases may or may not benefit from 
the prognostic value of EMVI. This study demonstrated that EMVI positive 
stage II patients did not seem to benefit substantially from adjuvant che-
motherapy; however, the analyses demonstrating the lack of effect of che-
motherapy on long term outcomes for these patients might be caused by 
type II errors, due to relatively small numbers in these subanalyses. Never-
theless, outcomes tended to be worse for EMVI positive stage II patients 
who received contemporary adjuvant therapy. Therefore, studies regard-
ing targeted adjuvant therapy in EMVI positive colon cancer are needed. 
Chand et al demonstrated an association between response of extramural 
venous invasion to neoadjuvant therapy and better disease-free survival 
for rectal cancer patients.22 Although the administration of neoadjuvant 
therapy for colon cancer is not standard of practice, the finding of Chand 
and colleagues may give insights for therapy to which extramural invasion 
in colon cancer may respond. Furthermore, although this is a single insti-
tution study, results could be generalizable to all hospitals reporting extra-
mural invasion. Extramural vascular invasion should be part of pathology 
reports, as the College of American Pathologists recommends reporting 
EMVI in their Protocol for the Examination of Specimens From Patients 
With Primary Carcinoma of the Colon and Rectum.14

Concluding from these findings, it is clear that extramural vascular 
invasion is an important prognostic feature of disease recurrence and dis-
ease-specific mortality of patients with surgically treated stage II or stage 
III colon cancer. Even within patients of higher AJCC stage, the presence 
of EMVI is associated with worse outcomes. Research regarding targeted 
therapy for EMVI positive disease is needed. 
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9

PERINEURAL INVASION 
is a PROGNOSTIC but not 

a PREDICTIVE FACTOR 
in NON-METASTATIC 

COLON CANCER

L.G.J. Leijssen, A.M. Dinaux, M.S. Taylor, V. Deshpande, L.G. Bordeianou, H. Kunitake, D.L. Berger
Diseases of the Colon & Rectum. 2019; 62(10):1212-1221
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152 ABSTRACT 

BACKGROUND
Perineural invasion is associated with adverse oncological outcomes in 
colorectal cancer. However, data regarding the prognostic and predictive 
impact in colon cancer are scarce. The aim of this study was to clarify the 
role of PNI in patients with non-metastatic colon cancer.

METHODS
Patients with stage I-III colon cancer who underwent elective surgery at 
our tertiary center between 2004-2015 were extracted from a prospec-
tively maintained database (n=1145). Long-term outcomes were compared, 
and differences were determined by multivariate Cox regression models. 

RESULTS
Perineural invasion was identified in 215 patients (18.8%) and associated 
with emergency procedures, male gender, and advanced disease. Histo-
pathological features including lymphatic and extramural vascular inva-
sion, poor differentiation, and infiltrating tumor borders were correlated 
with perineural invasion. Compared with perineural invasion-negative 
tumors, perineural invasion-positive patients had worse disease-free, 
overall, and disease-specific survival (all P<0.001). Moreover, patients with 
perineural invasion-positive node-negative disease had worse overall sur-
vival than perineural invasion-negative node-positive patients (P<0.001). 
After adjustment, perineural invasion remained significantly associated 
with worse disease-free survival (HR: 1.45, 95% CI: 1.03 – 2.03, P=0.033), 
overall survival (HR: 1.75, 95% CI: 1.33 – 2.31, P<0.001), as well with worse 
disease-specific survival (HR: 1.52, 95% CI: 1.00 – 2.30, P=0.048). Howev-
er, we did not find a significant predictive response with adjuvant chemo-
therapy in perineural invasion-positive node-negative tumors (HR: 2.10, 
95% CI: 0.80 – 5.51, P=0.122). The predictive value was only demonstrated 
in stage-III disease with a significant impaired overall survival in patients 
with perineural invasion-positive tumors who did not receive adjuvant 
therapy (HR: 0.23, 95% CI: 0.13 – 0.40, P<0.001).

CONCLUSION
Our study confirms the prognostic value of perineural invasion in stage I-II 
and III colon cancer. However, patients with node-negative disease and 
perineural invasion did not significantly benefit from adjuvant therapy. 
More information regarding post-operative treatment in node-negative 
perineural invasion-positive colon cancer is required. 
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153INTRODUCTION

The current standard for clinical prediction of survival and recurrence 
in colon cancer is principally based on pathological staging per the Tu-
mor-Node-Metastasis (TNM) classification. Current treatment guidelines 
are based on this baseline staging, since survival and recurrence rates 
vary considerably.1 In localized colon cancer, the 5-year survival rate is up 
to 90% which declines to 70% when regional lymph nodes are involved.2 
Adjuvant chemotherapy has a clearly established benefit in patients with 
locoregional lymph node metastasis (AJCC stage III), with improved sur-
vival and lower recurrence rates. However, the role of adjuvant therapy in 
non-metastatic colon cancer is disputable and complete surgical resection 
remains the gold standard of care.3 Most clinical trials that enrolled both 
stage II and III patients demonstrated only a marginal benefit in overall 
survival, not higher than 5% in lymph-node negative disease.4,5

To identify patients with early stage disease who may benefit from 
chemotherapy, more explicit staging is necessary. TNM-staging is not ac-
curate enough to stratify patients with stage I-II disease, which is noted 
in previous studies demonstrating the impact of various histopatholog-
ic features on survival and disease recurrence. Vascular involvement is 
one of those high risk factors, which is well explained by the established 
and most frequent route of tumor spread, namely through venous and 
lymphatic vessels.6 Although less common, tumor spread along nerves 
is an established mode, and previous research has shown the impact of 
perineural invasion (PNI) on long-term outcomes in colorectal cancer.7-10 
As a result, PNI was incorporated as an accessory factor in the 7th edition 
of the AJCC Cancer Staging Manual, and included as a high-risk factor 
in the National Comprehensive Cancer Network (NCCN) guideline for 
which adjuvant therapy could be considered.3,11 The College of American 
Pathologists also underlined the importance of PNI and has recommend 
reporting PNI in patients with primary carcinoma of the colon and rectum 
since 2009.12

Despite all changes in the guidelines over the last decade, the de-
cision to give additional treatment in node-negative cancer needs to be 
made on an individual basis, in particular when considering the risk of 
both undertreatment and the potential harm of chemotherapy. This is es-
pecially true in early stage disease where there are considerable questions 
about the benefit of additional therapy. With regards to perineural inva-
sion, previous studies indicate the need for adjuvant therapy in patients 
with colorectal tumors and the presence of PNI.7-10, 13-16 Unfortunately, a 
distinction in tumor location was rarely made. It is to be expected that the 
detection rate of PNI would be higher in rectal cancer due to its anatomic 
localization and more extensive examination of the mesorectal fat. More-
over, the prognostic impact of perineural invasion has been studied more 
often than the predictive impact. Therefore, the aim of our study was to 
establish both the prognostic and predictive value of PNI in stage I-III co-
lon cancer.
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STUDY DESIGN AND PATIENTS
All patients treated surgically for primary colon cancer at Massachusetts 
General Hospital in the decade covering January 1st, 2004 through De-
cember 31st, 2015 were included in a prospectively maintained survival and 
outcomes database after institutional review board approval (n=1645). We 
included only patients with pathologic AJCC stage I-III and those treated 
with curative intent (n=1222). All patients with hereditary cancer (n=29), 
a personal history of colorectal cancer (n=31), synchronous or recurrent 
colon cancer (n=11), or patients who received neoadjuvant treatment were 
excluded (n=14), leaving 1145 patients. 

Adjuvant chemotherapy was considered for all patients. The decision 
whether to administer postoperative therapy was made after reviewing 
pathology results and assessing the performance status of the patients 
and their consent to the therapy. Due to distinct differences in epidemi-
ology, tumor biology, and treatment patterns, we exclusively focused on 
colon cancer and did not include patients with rectal cancer. Based on 
tumor location, we divided the study group into patients with right-sided 
tumors (including any tumor proximal to the splenic flexure) and left-sided 
tumors (splenic flexure to 15 cm of the anal verge).

HISTOPATHOLOGICAL EXAMINATION
All specimens from the resection were analyzed by a team of board-certi-
fied gastrointestinal pathologists at Massachusetts General Hospital. Patho-
logic analysis was performed per current recommendations of the College 
of American Pathologists.12 Staging was performed per the seventh edition 
of the American Joint Committee on Cancer (AJCC) TNM staging system 
11 and tumors were graded per the World Health Organization guidelines 
(WHO).17 Perineural invasion (PNI) was defined as presence of cancer cells 
inside the perineurium of any nerve (Auerbach’s plexus, Meissner plexus, or 
in peripheral nerves in intramural or extramural tissues) (Figure 1).

SURVEILLANCE AND SURVIVAL
All patients underwent a standardized follow-up per the American Society 
of Clinical Oncology (ASCO) and the National Comprehensive Cancer 
Network (NCCN) guidelines.3,18 The decision whether or not to adminis-
trate postoperative therapy was made after reviewing pathology results 
and assessing the performance status of the patients and their consent to 
the therapy. Determination of disease recurrence was made by histologi-
cal or clinical and radiological examinations. Local recurrence was defined 
as colon cancer within or contiguous to the original site of the tumor. 
Regional recurrence included all recurrent disease within the original tu-
mor bed (including perianastomotic, peritoneum, retroperitoneum, and 
pericolic mesenteric lymph-nodes), while recurrence at nonregional sites, 
such as liver or lung, were considered distant recurrences. Recurrent or 
metastatic disease within 30 days of the original admission was consid-
ered baseline metastases and therefore excluded from our study cohort.

Data on long-term outcomes are periodically updated by reviewing 
patient follow-up record and the US Social Security Death Index. The last 
status review of survival and follow-up was on December 1st 2017. All time 
to events (in months) were measured from date of surgery. 
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Materials & Methods 
 
Study design and patients 
 
All patients treated surgically for primary colon cancer at Massachusetts General Hospital in 
the  decade  covering  January  1st,  2004  through  December  31st,  2015  were  included  in  a 
prospectively maintained  survival  and  outcomes  database  after  institutional  review  board 
approval  (n=1645).  We  included  only  patients  with  pathologic  AJCC  stage  I‐III  and  those 
treated with curative intent (n=1222). All patients with hereditary cancer (n=29), a personal 
history  of  colorectal  cancer  (n=31),  synchronous  or  recurrent  colon  cancer  (n=11),  or 
patients who received neoadjuvant treatment were excluded (n=14), leaving 1145 patients.  

Adjuvant  chemotherapy  was  considered  for  all  patients.  The  decision  whether  to 
administer postoperative therapy was made after reviewing pathology results and assessing 
the  performance  status  of  the  patients  and  their  consent  to  the  therapy.  Due  to  distinct 
differences in epidemiology, tumor biology, and treatment patterns, we exclusively focused 
on colon cancer and did not include patients with rectal cancer. Based on tumor location, we 
divided the study group into patients with right‐sided tumors (including any tumor proximal 
to the splenic flexure) and left‐sided tumors (splenic flexure to 15 cm of the anal verge). 
 
Histopathological examination 
 
All specimens from the resection were analyzed by a team of board‐certified gastrointestinal 
pathologists  at  Massachusetts  General  Hospital.  Pathologic  analysis  was  performed  per 
current recommendations of the College of American Pathologists.12 Staging was performed 
per  the  seventh  edition  of  the  American  Joint  Committee  on  Cancer  (AJCC)  TNM  staging 
system 11 and  tumors were graded per  the World Health Organization guidelines  (WHO).17 
Perineural  invasion (PNI) was defined as presence of cancer cells  inside the perineurium of 
any  nerve  (Auerbach’s  plexus,  Meissner  plexus,  or  in  peripheral  nerves  in  intramural  or 
extramural tissues) (Figure 1). 
 
Figure 1 Perineural invasion in colon cancer 
 

 
 
A: An example of PNI in an extramural nerve in a moderately‐differentiated colonic 
adenocarcinoma (original magnification x200). The tumor both surrounds the circumference 
of the nerve (perineural) and infiltrates the nerve (intraneural). 

Figure 1. Perineural invasion in colon cancer

A: An example of PNI in an extramural nerve in a moderately-differentiated colonic adenocarcinoma (orig-
inal magnification x200). The tumor both surrounds the circumference of the nerve (perineural) and infil-
trates the nerve (intraneural). 
B: PNI in the Auerbach plexus in a poorly differentiated colonic carcinoma. The tumor (arrow) surrounds the 
nerve bundle (perineurial invasion) (original magnification x 300).  
*: Nerve (both panels)

STATISTICAL ANALYSIS
Statistical analyses were performed using SPSS (Version 24.0; SPSS Inc, 
Chicago, IL, USA). A two-tailed P-value of 0.05 or less was considered the 
threshold for statistical significance. Categorical variables are present-
ed as the percentage of patients and compared by the Chi- square (χ2) 
test, while continuous variables are presented as the median [IQR] and 
analyzed using the Mann-Whitney U test. Survival times were censored 
at either the time of last encounter with the patient or date of death (OS 
and DSS) or date of disease recurrence (DFS). All three survival outcomes 
were estimated by the Kaplan-Meier method using a Log-Rank test. Addi-
tionally, a multivariate Cox regression analysis was performed to identify 
factors related to survival outcomes. Explanatory variable with significant 
univariate P-values were included in the model. The results are reported 
as hazard ratios (HR) with a 95% confidence interval (CI). The predictive 
value of PNI was assessed in node-negative and node-positive patients, 
who underwent an R0 resection. 

RESULTS

BASELINE CHARACTERISTICS
The baseline and clinical outcomes of the study cohort are demonstrated 
in table 1. A total of 1145 patients were included, with a median age of 68.9 
years and an equal distribution in gender. More tumors were located prox-
imal to the splenic flexure (62.3%). Emergent admission occurred in 9.6% 
of all cases, mainly due to bowel obstruction. Open procedures were per-
formed in the majority of cases (54.1%), though the rate of laparoscopic sur-
gery increased significantly over the study period; the last third of the study 
accounted for 49.5% of all laparoscopic procedures. PNI positive tumors 
were identified in 18.8% of all included patients, with a significant increase 
over tumor staging (stage I: 2.3%, stage II: 14.0%, stage III: 32.8%, P<0.001). 
Moreover, the incidence of PNI was higher in left-sided tumors (22.7% of all 
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tection rate of PNI remained stable over the study period, with only a slight 
increase in node-negative disease (8.7% in the first half, 10.8% in the latter). 
As demonstrated in table 2, 52.0% of the study population had a pT3 tumor 
and 61.0% node-negative disease. With regard to other histologic risk fac-
tors incorporated in the current guidelines, extramural venous invasion was 
found in 19.0% of all patients, lymphatic invasion in 35.3%, and 21.6% of all 
tumors were poorly differentiated.

CORRELATION BETWEEN PNI AND CLINICOPATHOLOGICAL 
PARAMETERS

The correlations between PNI and clinicopathological parameters are 
demonstrated in table 1 and 2. Male patients were at higher risk of having 
PNI-positive tumors (Odds Ratio: 1.40, 95% CI: 1.04 – 1.89, P=0.026). More-
over, bowel obstruction had a strong correlation with presence of PNI (OR: 
2.77, 95% CI: 1.66 – 4.61, P<0.001). Other than gender and urgent admission, 
no differences in patient characteristics or in tumor location were found. 
However, PNI was found to be strongly associated with pathological and 
molecular risk features, including T4 tumors, N+ disease (P<0.001), poor dif-
ferentiation (P=0.002), infiltrating border configuration (P<0.001), lymphatic 
invasion (P<0.001), and EMVI (P<0.001). Adjuvant chemotherapy was given 
more often in PNI-positive patients (30.1% vs. 60.9%, P<0.001). The main 
reasons to omit further treatment was high age or comorbidity (58.2%), de-
ceased (13.1%) or declination of further treatment (8.0%). 

Table 1. Correlation between PNI, patient demographics and clinical features in patients with stage I-III colon cancer

Overall
N = 1145

PNI – 
N = 930

PNI + 
N = 215 P-value

Age, years 68.9 (58.1 – 79.6) 69.1 (57.9 – 79.8) 68.1 (58.5 – 78.2) 0.490

Male Gender 550 (48.0%) 432 (46.5%) 118 (54.9%) 0.026

Caucasian 1028 (89.8%) 835 (89.8%) 193 (89.8%) 0.604

ASA-score, III-IV 2 (2 – 3) 2 (2 – 3) 2 (2 – 3) 0.661

Preoperative BMI, kg/m2 26.8 (23.4 – 30.9) 26.8 (23.4 – 31.0) 26.6 (22.9 – 30.7) 0.449

Alcohol abuse 72 (6.3%) 57 (6.1%) 15 (7.0%) 0.644

Smoking – current or history of 559 (48.8%) 449 (48.3%) 110 (51.2%) 0.446

Preoperative CEA, ng/mL* 3.4 (1.7 – 10.4) 3.2 (1.7 – 9.9) 3.9 (2.2 – 14.1) 0.129

Tumor location 0.008

	 Right-sided 713 (62.3%) 596 (64.1%) 117 (54.4%)

	 Left-sided 432 (37.7%) 334 (35.9%) 98 (45.6%)

Urgent admission 110 (9.6%) 81 (8.7%) 29 (13.5%) 0.032

	 Bowel obstruction 70 (6.1%) 44 (4.7%) 26 (12.1%) <0.001

	 Bowel perforation 23 (2.0%) 18 (1.9%) 5 (2.3%) 0.713

Open surgical approach 628 (54.8%) 508 (54.6%) 120 (55.8%) 0.414

Multivisceral resection 101 (8.8%) 74 (8.0%) 27 (12.6%) 0.032

Adjuvant chemotherapy 411 (35.9%) 280 (30.1%) 131 (60.9%) <0.001

Proportions are presented for categorical data (%), median with IQR for all continuous data.  
Abbreviations: ASA: American Society of Anesthesiologists, BMI: Body Mass Index (kg/m2), CEA: Carcinoembryonic antigen 
* Missing data preoperative CEA: n = 630
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157Table 2. Correlation between PNI, pathological and molecular features in patients with stage I-III colon cancer

Overall
N = 1145

PNI – 
N = 930

PNI + 
N = 215 P-value

Depth of tumor invasion (pT stage) <0.001

	 pT1 145 (12.7%) 142 (15.3%) 3 (1.4%)

	 pT2 176 (15.4%) 169 (18.2%) 7 (3.3%)

	 pT3 595 (52.0%) 485 (52.2%) 110 (51.2%)

	 pT4 229 (20.0%) 134 (14.4%) 95 (44.2%)

Nodular stage <0.001

	 N0 699 (61.0%) 631 (67.8%) 68 (31.6%)

	 N1 305 (26.6%) 229 (24.6%) 76 (35.3%)

	 N2 141 (12.3%) 70 (7.5%) 71 (33.0%)

AJCC stage <0.001

	 I 257 (22.4%) 251 (27.0%) 6 (2.8%)

	 IIA 343 (30.0%) 307 (33.0%) 36 (16.7%)

	 IIB 75 (6.6%) 56 (6.0%) 19 (8.8%)

	 IIC 19 (1.7%) 13 (1.4%) 6 (2.8%)

	 IIIA 56 (4.9%) 53 (5.7%) 3 (1.4%)

	 IIIB 295 (25.8%) 202 (21.7%) 93 (43.3%)

	 IIIC 100 (8.7%) 48 (5.2%) 52 (24.2%)

R0 resection 1111 (97.0%) 913 (98.2%) 198 (92.1%) <0.001

Tumor size, cm 4.5 (3.0 – 7.0) 4.5 (3.0 – 6.9) 4.5 (3.2 – 7.1) 0.194

LN harvest 20 (16 – 28) 20 (16 – 28) 21 (16 – 29) 0.256

< 12 LN examined 99 (8.6%) 79 (8.5%) 20 (9.3%) 0.704

Tumor differentiation 0.002

	 WD/MD 867 (75.7%) 718 (77.2%) 149 (69.3%)

	 PD 247 (21.6%) 183 (19.7%) 64 (29.8%)

	 Unknown 31 (2.7%) 29 (3.1%) 2 (0.9%)

Tumor border configuration <0.001

	 Infiltrating 706 (61.8%) 523 (56.4%) 183 (85.1%)

	 Pushing 396 (34.6%) 365 (39.3%) 31 (14.4%)

	 Unknown 41 (3.6%) 40 (4.3%) 1 (0.5%)

Lymphatic invasion 404 (35.3%) 264 (28.4%) 140 (65.1%) <0.001

Intramural venous invasion 66 (5.8%) 50 (5.4%) 16 (7.4%) 0.324

Extramural venous invasion 217 (19.0%) 112 (12.0%) 105 (48.8%) <0.001

Microsatellite instability 0.577

	 MSS/MSI-L 506 (44.2%) 405 (43.5%) 101 (47.0%)

	 MSI-H 135 (11.8%) 113 (12.2%) 22 (10.2%)

	 Not tested 504 (44.0%) 412 (44.3%) 92 (42.8%)

Proportions are presented for categorical data (%), median with IQR for all continuous data.  
Abbreviations: AJCC: American Joint Committee on Cancer, LN: lymph nodes, WD: well-differentiated, MD: moderately 
differentiated, PD: poorly differentiated, MSS: microsatellite stable, MSI-L: microsatellite instability-low,  
MSI-H: microsatellite instability-high

PNI AS A PROGNOSTIC FACTOR OF ONCOLOGIC  
OUTCOMES IN STAGE I-III COLON CANCER

Median follow-up duration was 45.7 months, which was significantly 
shorter in patients with PNI positive tumors (median 46.7 vs. 37.1 months, 
P=0.001). Also, duration of disease-free survival was significantly reduced 
when PNI was present (42.8 vs. 26.7 months, P<0.001). Table 3 demon-
strates the correlation between PNI and oncological outcomes in the 
study cohort. The strong association between PNI and disease recurrence 
was mainly explained by more regional and distant recurrence (P<0.001). 
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158 Log-rank tests underlined the worse outcomes, demonstrated in the Ka-
plan-Meier curves (Figure 2). 

PNI-positive patients not only did worse compared to PNI-negative 
patients in the same stage of disease, but overall survival was significantly 
worse in PNI-positive node-negative patients compared to PNI-negative 
node-positive patients (5-year estimate 55.0% vs. 71.0%, P<0.001). 

PNI AS AN INDEPENDENT PROGNOSTIC FACTOR OF  
ONCOLOGIC OUTCOMES IN STAGE I-III COLON CANCER

To assess the influence of all significant covariates on oncologic outcomes, 
a Cox regression model was completed (Table 4). With regards to DFS, PNI 
remained a significant predictor for a shorter time to disease recurrence after 
adjusting for all other significant univariate covariates (Hazard Ratio: 1.45, 95% 
CI: 1.03 – 2.03, P=0.033), along with alcohol abuse, bowel obstruction, open 
surgery, advanced staging (T3-T4, N+ disease), infiltrating tumors, and EMVI. 
PNI also withstood the multivariate analysis of overall survival with almost two-
fold higher hazard ratios (HR: 1.75, 95% CI: 1.33 – 2.31, P<0.001), as well as colon 
cancer specific mortality (HR: 1.52, 95% CI: 1.00 – 2.30, P=0.048). Adjuvant 
chemotherapy was only independently associated with worse overall survival.

Table 3. Correlation between PNI and oncological outcomes in patients with stage I-III colon cancer

Overall
N = 1145

PNI – 
N = 930

PNI + 
N = 215 P-value

Disease recurrence 186 (16.3%) 111 (12.0%) 75 (34.9%) <0.001

	 Local 30 (2.6%) 20 (2.2%) 10 (4.7%) 0.039

	 Locoregional 98 (8.6%) 50 (5.4%) 48 (22.3%) <0.001

	 Distant 175 (15.3%) 102 (11.0%) 73 (34.0%) <0.001

Disease-free survival, months 39.7 (17.4 – 72.4) 42.8 (21.6 – 77.9) 26.7 (11.1 – 52.7) <0.001

5-year estimate DFS 85.4% 57.8% <0.001

	 Stage I 95.4% 100% 0.648

	 Stage IIA 88.2% 77.6% 0.039

	 Stage IIB-IIC 76.6% 65.9% 0.211

	 Stage III 76.2% 50.3% <0.001

Deceased 369 (32.2%) 262 (28.2%) 107 (49.8%) <0.001

Colon cancer death 124 (10.8%) 69 (7.4%) 55 (25.6%) <0.001

Follow-up duration, months
45.7 (25.8 – 
78.9) 46.7 (27.4 – 82.7) 37.1 (17.6 – 63.9) 0.001

5-year estimate OS 76.6% 53.2% <0.001

	 Stage I 82.7% 53.3% 0.257

	 Stage IIA 81.1% 63.8% <0.001

	 Stage IIB-IIC 60.3% 55.0% 0.352

	 Stage III 69.6% 52.3% <0.001

5-year estimate DSS 92.5% 70.2% <0.001

	 Stage I 99.0% 100% 0.813

	 Stage IIA 95.5% 87.6% 0.084

	 Stage IIB-IIC 82.1% 74.7% 0.190

	 Stage III 86.1% 65.2% <0.001

Proportions are presented for categorical data (%), median with IQR for all continuous data.  
Abbreviations: DFS: disease-free survival, OS: overall survival, DSS: disease-specific survival 
a Log-rank test
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162 PNI AS PREDICTIVE FACTOR OF ONCOLOGIC  
OUTCOMES IN STAGE I-III COLON CANCER

To assess whether PNI is a pathologic characteristic that predicts re-
sponse to adjuvant chemotherapy, we performed additional analyses on 
PNI positive patients with complete tumor resection (Figure 3). Among 
PNI positive patients with node-negative disease (n=66), the estimated 
5-year OS was 54.7% for patients who did not receive adjuvant therapy 
versus 70.5% in patients who were treated postoperatively (P=0.122). Al-
though outcomes were not significant, not administrating adjuvant che-
motherapy doubled the hazard of death in PNI positive N0 tumors (HR: 
2.10, 95% CI: 0.80 – 5.51, P=0.130), with the effect attributable to deaths in 
the first two years after surgery (Figure 3, panel B1). The predictive value 
of PNI was not present for DSS (HR: 2.41, 95% CI: 0.60 – 9.67, P=0.200), 
nor in the DFS analysis (HR: 1.61, 95% CI: 0.54 – 4.84, P=0.389). Outcomes 
were more clear in stage III disease (n=132). Receiving adjuvant chemo-
therapy was associated with a 77% reduction in the hazard of overall 
mortality (HR: 0.23, 95% CI: 0.13 – 0.40, P<0.001). Nonetheless, we did not 
find a significant impact on colon cancer specific mortality (HR: 0.58, 95% 
CI: 0.23 – 1.50, P=0.255). 

DISCUSSION

Although extensive research has been performed over the last decades, 
the role for adjuvant chemotherapy in node-negative colorectal cancer 
remains debatable. Some studies advocate postoperative treatment, es-
pecially when high-risk features are present. The international guidelines 
agree on some of these factors and recommend consideration of adjuvant 
therapy in cases with T4 tumors, inadequately sampled lymph nodes, 
bowel perforation or obstruction, poorly differentiated histology and lym-
phovascular invasion. However, the effect of adjuvant therapy on these 
additional features including perineural invasion are not yet established. 
Because of increasing evidence on prognostic impact of PNI in colorectal 
cancer, reporting perineural invasion has been recommended by the CAP 
for a decade now.12 Although underreporting was an issue before the rec-
ognition of the CAP, a recent systematic review did not find a difference 
in percentages of PNI between studies that extracted PNI from pathology 
reports and studies that reexamined pathologic slides, suggesting that 
this biomarker is well reported in routine practice.10 Our findings support 
those suggestions with a stable detection rate over our study period of 12 
years. With regards to treatment recommendations, PNI is considered a 
high-risk factor for disease recurrence in the current guidelines for which 
adjuvant chemotherapy could be considered. Despite the widespread 
recognition of the prognostic impact of PNI, the impact of postoperative 
chemotherapy is less clear. The incremental benefit of adjuvant chemo-
therapy in lymph-node negative colorectal cancer in general is small, and 
therefore the advantage of treatment in patients with high-risk features 
should be weighed against the risks of overtreatment. A personalized 
approach of eligible patients is an important goal in today’s practice, for 
which more evidence about the predictive impact of all recognized bio-
markers is needed.
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164 PNI seems a reasonable risk factor when incorporating all possible 
ways of tumor spread. The incidence of PNI in the current study was 
18.8%, which increased from 9.7% in node-negative disease to 32.8% in 
AJCC stage III. Those rates are in line with previous studies 13-16, and nota-
bly higher than the rates reported in studies conducted before the inclu-
sion of PNI in the CAP protocol.7 The prognostic impact of PNI has been 
demonstrated in various studies so far, though most of them included both 
colon and rectal cancer patients. We hypothesized that the incidence 
of PNI may be higher in rectal cancer, due to anatomic differences and 
the autonomic nerve plexuses that surround the rectum in the pelvis, but 
also the more extensive tissue investigation in rectal cancer. The higher 
incidence of PNI positive tumors in left-sided colon cancers in our study 
stresses this hypothesis. Therefore, to minimize potential bias, we focused 
on colon cancer only. In our study, PNI was related to more aggressive tu-
mor markers, including T4 and N+ disease, poor differentiation, infiltrating 
tumor configuration, lymphatic invasion, and EMVI. The prognostic im-
pact on overall survival was clear, with 75% higher hazard ratios compared 
to PNI negative tumors after adjustment for multiple confounders. To our 
knowledge, this is the first study investigating the prognostic impact of 
PNI on colon cancer specific mortality, which was significantly related 
(HR: 1.52, P=0.048). Factors such as TN-staging, emergency procedures, 
lymphovascular invasion, and poor differentiation were stronger correlat-
ed to DSS. Similar findings were seen in the multivariate analysis of DFS. 
Although independently associated with a shorter time to disease recur-
rence, the impact of PNI was less than other well-established risk factors 
including bowel obstruction, T4 tumors, N+ disease, and EMVI. 

The aforementioned results might suggest that the established prog-
nostic effect of PNI is less evident than previous studies suggest. This 
was further emphasized by our results for the predictive value of PNI. In 
node-negative colon cancer, we found non-significant higher hazard ratios 
of overall mortality and a deeper incline of the Kaplan-Meier overall sur-
vival curve in patients with PNI positive tumors who did not receive adju-
vant chemotherapy. This is most likely best explained by a higher age and 
comorbidity rate in patients who did not receive adjuvant therapy, since 
the predictive value on DFS and colon cancer specific mortality remained 
absent. Our findings are in contrast with previous studies that focused on 
PNI positive tumors and demonstrated a significant benefit of adjuvant 
chemotherapy.13-16 The inclusion of rectal cancer might have influenced 
those findings. It is well-known that rates of disease recurrence are high-
er in rectal cancer than colon cancer. This was emphasized by previous 
studies, demonstrating a strong correlation between PNI and local tumor 
progression in rectal cancer despite tumor free margins.19,20 Nevertheless, 
we are not the first study who failed to detect a predictive benefit in PNI 
positive tumors.21,22 On the contrary, the effect of adjuvant chemotherapy 
in stage III colon cancer in our study was significant with a reduction of 
77% on overall mortality when chemotherapy was received. 

To our knowledge, this study represents one of the few analyses of 
the prognostic and predictive value of PNI on colon cancer only. Nev-
ertheless, our study has limitations inherent to the retrospective origin. 
The advantage, on the other hand, is a large and homogeneous cohort 
treated in the same fashion without the limits of a multicenter trial. Due 
to detailed data, we could adjust for multiple confounders, including both 
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165patient characteristics and pathologic features. This study demonstrated 
the prognostic effect of PNI, but node-negative colon cancer patients 
with PNI did not seem to benefit from adjuvant chemotherapy. The lack of 
effect of postoperative treatment might reflect the true effect, but could 
also be cause by type II errors, due to relatively small numbers. Not all 
patients received adjuvant chemotherapy. The decision to administrate 
postoperative therapy was made on an individual basis, driven by pathol-
ogy results, the performance status of the patients and their consent to 
the therapy. This led to an administration rate of almost two-thirds of all 
PNI-positive patients. High comorbidity score and age were the main rea-
sons to omit further treatment. Moreover, the predictive value of PNI is 
best investigated by a randomized controlled trial. The Quasar trial, for ex-
ample, determined the benefit of adjuvant therapy in all stage II colorectal 
cancer patients and randomly assigned postoperative treatment.4 Similar 
trials are needed to confirm our findings.  

CONCLUSION

Perineural invasion in stage I-III colon cancer is associated with an aggres-
sive tumor phenotype, by strong correlations with advanced TN-staging, 
poor differentiation, infiltrating tumor borders, and lymphovascular inva-
sion. Although PNI was found to be an independent prognostic factor for 
disease-free survival, disease-specific and overall survival, the predictive 
value was only demonstrated in node-positive disease. Incorporating the 
potential harm of postoperative chemotherapy, our results do not support 
adjuvant treatment in node-negative colon cancer when PNI is detected. 
More research regarding adjuvant therapy in PNI positive colon cancer is 
needed to underscore our results.  
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SUMMARY AND FUTURE PERSPECTIVES

Despite significant improvements in diagnosis and treatment, colorectal 
cancer is still a major cause of morbidity and mortality worldwide. It af-
fects nearly two million people each year with an estimated death rate of 
more than 800,000.1 Advances in diagnosis and reduction in incidence are 
directly related to the introduction of population-based screening pro-
grams which identify and remove precancerous lesions and detect CRC 
at an early stage. This is then aided by advances in surgery and the advent 
of new and improved chemotherapeutic and biologic agents. Notwith-
standing the increased interest and developments in adjuvant medicines, 
surgical resection remains the mainstay for curative treatment for malig-
nant tumors in the large bowel. The objective of this thesis was to assess 
clinical and pathological issues encountered during the surgical treatment 
of colon and rectal cancer, to further optimize short- and long-term out-
comes for these patients and contribute to determine a more targeted 
disease management.

This thesis begins by evaluating the implication of national screening pro-
grams. Chapter 1 underlined the enormous impact of indication of colonos-
copy and stressed the importance of screening compliance. Patients who 
were diagnosed with CRC through colonoscopy after developing symptoms 
presented far more often with advanced disease and consequently had 
significantly higher recurrence and mortality rates. This was true in both 
comparisons between screening patients and moderate to high-risk pa-
tients who underwent surveillance because of a history of adenomas, IBD 
or a positive family history. More notably, the impaired outcomes remained 
true after adjustment for patient characteristics, stage and (neo)adjuvant 
treatment (Screening: HR=0.46 (0.33-0.65), Surveillance: HR=0.73 (0.55-
0.98)). This impact appeared even greater in patients who were diagnosed 
with colon cancer, which may be explained by the late onset of recognized 
symptoms since symptoms related to colon cancer are rather nonspecific 
compared to more profound symptoms usually seen in rectal cancer. Alto-
gether, the results in this chapter emphasized the importance of screening 
before symptoms develop. To improve adherence to screening programs, in 
particular in the USA where programs are established on an opportunistic 
basis, a multifaceted approach tailored to patient, physician, and policy 
levels is required. Recent studies have demonstrated a tremendous effect 
of clinical recommendation 2 and outreach 3-4 on screening adherence. 
Moreover, varying screening rates by ethnicity, insurance status, education 
level, and age (45.3% of adults age 50-54 versus 71.8% of adults age 65-75) 

should be taken into account.5 The latter is in particular important now that 
the recommendations from the American Cancer Society are changed and 
regular screening is advised from 45 years instead of the previous 50 years 
of age.6 More awareness of the consequences of a delayed diagnosis, along 
with informative communication between the caregiver and patient, and 
the expansion of screening coverage might enhance adherence and further 
reduce the CRC burden.

In the previous chapter, a distinction between colon and rectal can-
cer in the screening population was discussed. This is only one of the 
many differences between these two tumor locations. Whereas previous 
literature led to modification in treatment patterns, recommendations in 
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early stage (stage I) and advanced disease (stage IV) do not differ con-
siderably from each other. For stage I tumors, surgical resection without 
(neo)adjuvant is the gold standard. Since disease recurrence is rare in this 
early stage, little is known about risk factors for adverse outcomes other 
than method of resection. Current international guidelines are predomi-
nantly based on studies focusing on rectal cancer only, contributing to the 
increase use of less invasive resections for T1-T2 rectal cancer and sub-
sequently the need to stratify risk factors for poor outcomes in this stage 
of disease.7-11 Chapter 2 focused on risk features after surgical resection 
for stage I colon and rectal cancer and found lymphatic invasion an inde-
pendent predictor for disease recurrence (HR=4.26), in particular distant 
recurrence (HR=8.02). This was independent of tumor location, baseline 
characteristics and other histopathologic risk factors. Moreover, other 
than earlier detection of local recurrence (median time to detection: Colon 
cancer: 55.8 months versus Rectal cancer: 16.2 months), no differences 
were found between colon and rectal cancer patients. As the cause of 
disease recurrence in stage I cancer is either undetectable local residual 
tumor or the presence of micrometastasis, our results might suggest an 
association between the latter and lymphatic invasion. Whether or not to 
treat those patients with adjuvant therapy is questionable as the incre-
mental benefit of postoperative treatment in lymph-node negative CRC in 
general is small and most likely even smaller for T1-T2 tumors. Considering 
the risk of overtreatment and the associated morbidity of adjuvant treat-
ment, indiscriminate use of postoperative therapy in localized colon or 
rectal cancer is definitely not recommended. However, assessing high-risk 
patients in this early stage might help to determine which patients would 
benefit from a more intensive oncologic follow-up to prevent late detec-
tion of tumor recurrence.

On the other end of the spectrum, when the primary tumor has 
spread to other organs, the role of surgery is less significant and only 
advocated in patients with resectable metastasis or patients presenting 
with symptoms such as bowel obstruction, perforation or excessive bleed-
ing. As the ultimate goal in patients with advanced disease is prolonging 
overall survival without negatively affecting quality of life, a surgical in-
tervention - with its associated risks - remains controversial. Chapter 3 
evaluated the impact of postoperative complications on survival in meta-
static colon and rectal cancer and demonstrated an independent relation 
to an impaired life expectancy after developing adverse outcomes in the 
palliative cohort only, in particular when patients developed respiratory 
(HR=7.53) or cardiac (HR=3.75) complications. This, however, underscored 
the feasibility of surgery in the group with resectable metastasis, but cau-
tion should be taken in palliative patients, in particular in patients with 
a poor performance status (ie respiratory or cardiac comorbidities). As 
chemotherapeutic agents keep improving, a trend toward less surgery 
in advanced disease is expected. Future randomized controlled trials are 
needed to confirm or contradict the benefit of primary tumor resection in 
stage IV colorectal cancer. Presently, all randomized controlled trials have 
failed to recruit enough patients and have not reached the required power 
to make definitive conclusions. Yet a number of trials evaluating this topic 
are ongoing.12-14
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The second part of this thesis solely focused on colon cancer.  
The evolution of colon cancer management is ongoing, with improve-
ments in systemic therapy, the introduction of immunotherapy and the 
continuous evolvement of surgical therapy. The benefit of a multidis-
ciplinary team that is able to determine a personalized comprehensive 
treatment plan in oncologic patients is very clear. Nevertheless, an op-
timal surgical resection remains the cornerstone of improved long-term 
outcomes. Along with all the advancements in non-surgical treatment, 
oncologic colon surgery has experienced major improvements over the 
last decades. The introduction of laparoscopic surgery is without doubt 
the most significant improvement. Minimally invasive surgery has been 
adapted to a wide variety of abdominal diseases since the introduction in 
1991, though many of the procedures remain technically difficult. Chapter 
4 started with pointing out the feasibility of a less extensive approach to 
mid-transverse colon cancer. Despite the ongoing trend toward less in-
vasive surgery in general, an extended procedure (EC) for mid-transverse 
colon cancer remains the most common approach due to anatomic differ-
ences that makes a transverse colectomy (TC) a challenging procedure. In 
our study, a TC was indeed less frequently performed and demonstrated 
a decreasing trend over time. Simultaneously, the implementation of lap-
aroscopic surgery increased over the study period, though mainly in the 
extended surgery group. The higher rate of laparoscopic procedures in 
the EC group did not result in better postoperative outcomes as morbid-
ity was comparable between the two groups. Taking into consideration 
similar oncologic outcomes (5-year estimate overall survival: 78.8% versus 
73.5% ; disease-free survival: 87.0% versus 90.1%), notwithstanding an 
obviously smaller specimen length (median: 25 versus 34 cm) and lymph 
node yield (median 17 versus 25), our study supported the oncological 
safety of a transverse colectomy for mid-transverse colon cancer.
	 Minimally invasive surgery is most appealing when it can substitute 
for primary open procedures. The increasing use of laparoscopy for colon 
cancer requires analysis of the impact of conversion on oncologic out-
comes. Rates of conversion vary considerably but range up to 17% in most 
recent studies.15-17 Chapter 5 analyzed whether conversion was related to 
adverse short and long-term outcomes by comparing outcomes not only 
to patients who underwent successfully completed laparoscopy but also 
to patients undergoing a planned open procedure. Over the study peri-
od, ranging from 2004 through 2014, a decreasing conversion rate was 
observed, with an average of 11.6% in the first half to 7.7% in the latter. In 
line with previously reported risk factors, several patient- and tumor-relat-
ed factors were detected including male gender, alcohol and/or nicotine 
abuse, left-sided tumors, advanced disease and pathologic risk features 
(eg. vascular and perineural invasion), as well as procedure-related factors 
(eg. adhesions, the need for a multivisceral resection). [18-20] Postoperative 
outcomes were significantly worse after conversion compared to a suc-
cessful laparoscopic procedure, including a longer hospital admission, 
more complications during admission (21.2% versus 41.5%) and a higher 
readmission rate (3.4% versus 11.5%). This resulted in more disease recur-
rence (9.8% versus 21.4%) and impaired survival (5-year estimate overall 
survival: 86.2% versus 70.5%; disease-specific survival: 95.1% versus 
87.7%). Long-term outcomes remained worse when analyzing survival 
stage-by-stage. Compared to primary open surgery, conversion was relat-
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ed to a higher incidence of intra-abdominal abscesses/leaks (9.4% versus 
2.7%) and surgical site infections (9.4% versus 3.2%).  Multivariate analy-
ses after adjustment for patient characteristics, stage, morbidity and the 
administration of adjuvant therapy, demonstrated that conversion was still 
an independent predictor for impaired survival compared to laparoscopic 
procedures (HR=2.04) with comparable ratios to primary open procedures 
(HR=0.84). With regards to disease-free survival, surgical approach did 
not withstand multivariate analysis and only pathological features re-
mained independently related to worse outcomes. Our results are in line 
with previous literature demonstrating negative outcomes after conver-
sion compared to successfully completed laparoscopic surgery. Neverthe-
less, to our understanding, only the comparison between conversion and 
primary open surgery will answer the question as to whether conversion 
could be considered a complication rather than a simple drawback. The 
latter statement is most likely true according to our findings. Other than a 
higher incidence of post-operative infections, both short- and long-term 
outcomes were comparable between conversion and planned open sur-
gery. A reasonable explanation for the higher rate of infectious complica-
tions is the prolonged operative time in the conversion group.21-22 An early 
verdict to convert the procedure might overcome those complications by 
simply reduce surgical time. Experience of the surgeon along with the ca-
pability of intra-operative clinical judgement may be favorable, as long as 
the need for conversion is not attributed to intra-operative complications.
	 Elaborating on other procedural difficulties in oncologic colon sur-
gery, Chapter 6 measured the impact of a local multivisceral resection 
(LMR) and adjuvant therapy in locally advanced colon cancer by com-
paring patients with pT4 tumors who did and did not undergo LMR and 
subsequently comparing them to patients with pT3 tumors. Despite the 
incremental benefit of LMR in locally advanced colon cancer, previous 
literature demonstrated that only 26-39% of patients with pT4 tumors ac-
tually underwent a multivisceral resection.23 In our study, 66% of patients 
with pT4b underwent LMR compared to 21% of all pT4a tumors, with an 
increase of LMR in general over the study period. The main reason not 
to perform LMR in patients with pT4b tumors was a false discernment of 
oncological invasion as peri-tumorous inflammatory adhesions. As it is 
not yet possible to make this distinction through imaging, the judgment is 
based on a surgeon’s perspective during surgery only. The reluctance to 
perform an LMR because of its associated morbidity is not fully justified 
by our findings as only the requirement for blood transfusion was signifi-
cantly higher after LMR. More notably, oncological outcomes were sig-
nificantly worse when LMR was not performed in pT4 tumors (5-year esti-
mate overall survival: 46.3% versus 70.0%, 5-year disease-specific survival: 
67.2% versus 89.6%) but similar between patient who did undergo LMR 
compared to those with less advanced disease (78.6%, 92.8%, respective-
ly). This remained true after adjustment for pTN-stage, adjuvant therapy 
and the achievement of R0 resection (OS: HR=1.72, DSS: HR=3.36). Taking 
into account the long-term benefits, LMR is safe and feasible and there-
fore highly recommended when tumor invasion is suspected.

The last part of this thesis shed light on issues encountered after receiv-
ing the results of the surgical pathology report. As mentioned earlier, the 
primary tool for clinical prediction of recurrence and survival is TNM-stag-
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ing. Current guidelines are primarily based on this classification system 
and recommend adjuvant therapy in lymph-node positive disease only. 
Nevertheless, several histopathologic features have been incorporated as 
prognostic factors beyond TNM-staging. Predominantly in patients with 
node-negative disease, those factors might be important and updated 
guidelines recommend considering additional treatment in patients with 
features including positive margins, poorly differentiated tumors, lymph 
node sampling <12, lymphovascular invasion and pT4 tumors. Validation 
of those factors has often been done in cohorts grouping colon and rectal 
cancer together rather than separately even though treatment approaches 
and tumor biology are markedly different.7-11, 24

	 Chapter 7 reflected several clinicopathological dissimilarities be-
tween different tumor sides in colon cancer. Right-sided tumors were big-
ger and correlated with more advanced tumors, poorer histopathological 
outcomes and patient characteristics (higher age and ASA-score). The 
associated pathologic features in our study have been demonstrated ear-
lier, including more poorly differentiated tumors, microsatellite-high and 
mismatch repair deficient tumors.25-26 All those components led to worse 
survival outcomes as expected, though only to a higher overall survival 
(estimated 5-year stage I-III: right: 73.0%; transverse: 76.2%. left: 80.8%) 
as disease-specific survival was comparable (estimated 5-year stage I-III: 
right: 91.7%; transverse: 94.2%. left: 91.8%). In contrast to previous pub-
lications, tumor side did not persist as an independent prognostic factor 
when controlling for numerous variables.27-29 The fact that we were able to 
adjust for factors including adjuvant therapy and more precise histopatho-
logical outcomes (eg perineural invasion, poor differentiation, (lympho)
vascular invasion) most likely contributed to this discrepancy and empha-
sized once more the importance of pathologic features beyond  
TNM-stage.

Elaborating on new prognostic biomarkers in colon cancer, the im-
pact of vascular invasion in colon cancer was investigated in Chapter 8. 
Vascular invasion, in particular extramural venous invasion (EMVI), is a 
pathologic characteristic that has been extensively studied in rectal can-
cer but rarely in colon cancer alone. In large part due to the potential find-
ing of EMVI during preoperative magnetic resonance imaging (MRI), a di-
agnostic tool that is not routinely performed in patients with colon cancer. 
Vascular invasion was more often present in stage III patients (21.1% versus 
40.0%) and showed an increasing detection rate over the study period 
(27.5% in the first half to 33.3% in the latter). Regardless of stage, EMVI 
was correlated with other risk factors including more advanced tumors 
and lymphatic and perineural invasion. Consequently, EMVI+ patients had 
higher rates of locoregional and distant recurrence subsequently leading 
to impaired overall and disease-specific survival. On the contrary, patients 
with only intramural vascular invasion (IMVI) had comparable outcomes 
to patients with no vascular invasion. In agreement with current guide-
lines, the administration of adjuvant chemotherapy was higher in stage 
II patients who did have EMVI on the pathology rapport (33.3% versus 
16.3%). In multivariate Cox proportional hazard models, time to disease 
recurrence remained significantly shorter in patients who were EMVI+ 
compared to those who were EMVI- (HR=2.07) alongside earlier dis-
ease-specific mortality (HR=1.67). More notably, stage II EMVI+ patients 
had worse disease-specific survival than stage III patients without EMVI, 
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independent of adjuvant therapy (HR=2.02). This raised the question as 
to whether a different pre- or post-operative work-up is necessary for 
this subgroup of patients. In rectal cancer, improved disease-free survival 
has been demonstrated after the administration of neoadjuvant therapy 
to EMVI+ tumors.30 Although neoadjuvant therapy for colon cancer is far 
from standard of care, the NCCN included pre-operative chemotherapy 
as a treatment option for patients with clinical T4b colon tumors in their 
updated version in 2016.31 Considering the positive effect on EMVI in rec-
tal cancer, it may give insights for therapy in EMVI+ colon cancer.
	 Finally, Chapter 9 evaluated the prognostic and predictive value of 
perineural invasion (PNI) in non-metastatic colon cancer. In 2009, the up-
dated AJCC Cancer Staging Manual included PNI as an accessory factor 
after the publication of several studies demonstrating a prognostic impact 
of this feature in colorectal cancer. Moreover, the College of American 
Pathologists recommend reporting PNI in patients with primary carcino-
ma of the colon and rectum since that same year.32 In our study, PNI was 
identified in 18.8% of all stage I-III primary colon cancer patients, with 
a stable detection rate over the study period and a significant increase 
over tumor staging. PNI was associated with left-sided tumors, which 
might be explained by the anatomic differences and therefore the more 
extensive tissue investigation as well as the autonomic nerve plexuses 
that surround the distal part of the colon in the pelvis. This underlined the 
necessity to evaluate the impact of PNI in colon and rectal cancer sepa-
rately once more. Additionally, as with vascular invasion we found PNI to 
be related to more aggressive tumor markers (T4 tumors, node-positive 
disease, poor differentiation and (lympho)vascular invasion). Kaplan-Meier 
curves demonstrated worse outcomes, even when comparing PNI-posi-
tive node-negative patients to PNI-negative node-positive patients (5-year 
estimate overall survival: 55.0% vs. 71.0%). PNI withstood the multivariate 
analysis of overall survival (HR=1.75), as well as colon cancer specific sur-
vival (HR=1.52) and disease-free survival (HR=1.45). However, the impact 
of PNI was less evident than other well-established risk factors including 
T4 tumors, N+ disease, bowel obstruction and EMVI. This may be related 
to a limited predictive value of PNI with only a significant reduction of 
77% on overall mortality after receiving adjuvant chemotherapy in stage III 
patients. In node-negative disease, a steeper incline of the Kaplan-Meier 
overall survival curve was observed in patients with PNI positive tumors 
in addition to higher hazard ratios of overall mortality (HR=2.10). None-
theless, all outcomes were not significant. As disease-specific and dis-
ease-free survival were all comparable regardless of stage, the effect is 
seemingly best explained by a higher age and comorbidity rate in patients 
who did not receive adjuvant therapy. Incorporating the potential harm of 
postoperative chemotherapy, our results did not support adjuvant treat-
ment in node-negative colon cancer when PNI is detected.  
	 In conclusion, the debate on whether node-negative colon cancer 
patients should receive adjuvant chemotherapy is still ongoing. Most 
clinical trials were only able to demonstrate a marginal benefit in overall 
survival, not reaching over 5%.33-34 Therefore, the advantage of treatment 
in high-risk node-negative patients should be weighed against the risk of 
overtreatment. Multiple studies concerning different clinical and histo-
pathological aspects in colon cancer have been conducted which have led 
to remarkable differences in today’s colon cancer practice compared to a 



176
A

P
P

E
N

D
IC

E
S

decade ago. The introduction of a multidisciplinary team, the incorpora-
tion of not only patient but also different pathologic factors and the intro-
duction of new surgical and systemic therapy have contributed to the im-
proved prognosis nowadays. With regards to pathologic high-risk factors, 
several features have been identified and subsequently incorporated in 
the current international guidelines. In this thesis, the prognostic impact 
of some of those features have been underlined for colon cancer patients 
specifically. Nevertheless, the predictive value is not fully understood and 
the decision to treat post-operatively should still be based on an individual 
basis. While up to now different genomic assays have been introduced 
to clinic that try to predict recurrence in node-negative patients (eg Col-
oPrint and Oncotype DX), the predictive outcome is limited. Hence the 
necessity to gain more knowledge concerning the impact of the current 
acknowledged high-risk features and to continue searching for other po-
tential markers. We hopefully can expect more specific tools in the near 
future that would allow further progress in today’s colon cancer practice.
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NEDERLANDSE SAMENVATTING

Dikke darmkanker is wereldwijd een van de meest voorkomende kwaad-
aardige aandoeningen. Jaarlijks worden bijna twee miljoen mensen gedi-
agnosticeerd met deze vorm van kanker, met een geschat sterftecijfer van 
meer dan 800.000 mensen. De afgelopen decennia is er veel veranderd 
op het gebied van diagnostiek en behandeling van darmkanker. Allereerst 
door de introductie van het bevolkingsonderzoek, bedoeld om de ziekte 
in een eerder stadium te detecteren en zo het sterftecijfer te verlagen. 
Daarnaast is verbetering van de klassieke behandelvormen (chirurgie, ra-
diotherapie en chemotherapie) en de ontwikkeling van immunotherapie in 
volle gang. Desalniettemin blijft tot op heden een chirurgische resectie de 
gouden standaard voor kwaadaardige tumoren in de dikke darm. 
	 Het onderzoek dat wordt gepresenteerd in dit proefschrift focust 
zich op verschillende factoren rondom de chirurgische behandeling van 
patiënten met dikke darmkanker die de zorg en overlevingskans kunnen 
verbeteren. Het eerste deel van het proefschrift richt zich op de ver-
schillen tussen dikke darmkanker (colon) en endeldarmkanker (rectum). 
Ondanks reeds bekende grote verschillen in anatomie, epidemiologie en 
tumorbiologie worden deze twee type kanker vaak als één entiteit be-
schouwd en omschreven als “dikke darmkanker” (colorectaal carcinoom). 
In het tweede en derde deel van het proefschrift ligt de focus uitsluitend 
op colontumoren. Deel twee richt zich op de chirurgische behandeling 
en brengt verschillende ingrepen in kaart. Tot slot worden pathologische 
uitkomsten en hun voorspellende waarden op een (ziektevrije) overleving 
besproken in deel drie. 

Het eerste deel begint met de evaluatie van de indicatie van een colosco-
pie, een inwendig darmonderzoek dat ingezet wordt als screeningsmetho-
de bij het bevolkingsonderzoek. In hoofdstuk 1 worden patiënten die een 
coloscopie ondergingen nadat zij zich met klachten presenteerden in het 
ziekenhuis vergeleken met patiënten die voor screening of surveillance 
kwamen. De laatste groep wordt gezien als een hoog-risicogroep, omdat 
zij bekend zijn met chronische darmziekten, darmpoliepen in het verle-
den hebben gehad of een positieve familieanamnese voor darmkanker 
hebben. Bij de patiënten met klachten werd vaker een verder gevorderd 
stadium darmkanker gevonden wat resulteerde in 50% meer kans op het 
ontwikkelen van uitzaaiingen op de lange termijn en ook een twee keer 
hoger sterftecijfer. Het risico op overlijden bleef na correctie voor cova-
riabelen (patiëntkarakteristieken, stadiëring en behandeling met chemo-
therapie) significant hoger voor de symptoom-groep (Screening: HR = 
0,46 (0,33-0,65), Surveillance: HR = 0,73 (0,55-0,98)). De impact leek zelfs 
groter bij patiënten met colontumoren. Een mogelijke verklaring hiervoor 
is de relatief late herkenning van symptomen die gerelateerd zijn aan de 
dikke darm (buikpijn, veranderd ontlastingspatroon, vermoeidheid) in ver-
gelijking met de endeldarm (zichtbaar bloed en/of slijm bij de ontlasting, 
tenesmus). Samenvattend wordt in deze studie het belang van screening 
voordat symptomen zich ontwikkelen benadrukt. In tegenstelling tot de 
meeste Europese landen zijn bevolkingsonderzoeken in de Verenigde 
Staten niet landelijk georganiseerd, maar op een individuele (opportunis-
tische) basis. Om deelname in zo’n setting te verbeteren is een optimale 
benadering naar patiënten, en samenwerking tussen artsen en beleidsma-
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kers vereist. Daarbij dient rekening gehouden te worden met het verschil 
in screeningsdeelname tussen verschillende etniciteiten, mate van verze-
kering, opleidingsniveau en leeftijd. Meer onderkenning van de gevolgen 
van een verlate diagnose, bij zowel medici als de patiëntpopulatie, in com-
binatie met een verbeterde kostendekking voor screeningprogramma’s zal 
de deelname verbeteren en vervolgens de impact van darmkanker op de 
populatie verminderen. 
	 Ondanks vele overeenkomsten zijn er grote verschillen tussen het 
colon en het rectum, die tot aanpassingen in het therapeutisch beleid 
hebben geleid. De richtlijnen voor vroeg (stadium I) en laat stadium (sta-
dium IV) colon en rectum carcinomen verschillen daarentegen nauwelijks 
van elkaar. Stadium I tumoren worden in principe chirurgisch verwijderd, 
zonder bestraling of chemotherapie. Omdat de prognose voor patiënten 
met dit stadium tumoren heel gunstig is, is er weinig bekend over risico’s 
op een recidief of uitzaaiingen. Door de opkomst van lokale resecties voor 
T1-T2 tumoren komt er steeds meer aandacht voor potentieel ongunsti-
ge factoren in dit stadium. Echter, tot op heden wordt een lokale excisie 
vooral in het rectum uitgevoerd en is er dus nog weinig bekend over risi-
cofactoren in stadium I colontumoren. Hoofdstuk 2 bespreekt factoren die 
een prognostische rol spelen in dit vroege stadium. Ondanks het volledig 
verwijderen van de tumor en het ontbreken van aanwijzingen voor lymfe-
klier-uitzaaiingen vonden we bij 2.7% van de patiënten een lokaal recidief 
of metastasen op langere termijn. De aanwezigheid van lymfovasculaire 
invasie bleek een belangrijke en onafhankelijke rol te spelen in de kans 
op terugkeer van de ziekte (HR=4.26), met name op afstandsmetastasen 
(HR=8.02). Dit suggereert een relatie tussen lymfovasculaire invasie en 
micrometastasen, die tot op heden nog niet gedetecteerd kunnen wor-
den. Echter, het al dan niet behandelen van hoog-risico T1-T2 patiënten 
met adjuvante therapie is zeer twijfelachtig. Gezien het risico van overbe-
handeling en de daarmee samenhangende morbiditeit is postoperatieve 
therapie niet aan te bevelen. Wel zou gedacht kunnen worden aan een 
frequentere follow-up voor hoog-risico stadium I patiënten om late de-
tectie van een recidief te voorkomen. Volgens deze studie geldt dit voor 
colon- en rectumtumoren. Het enige verschil tussen de twee tumor loca-
ties waar men beducht op kan zijn is het eerder detecteren van een lokaal 
recidief bij rectum tumoren (mediane tijd: Colontumoren: 55.8 maanden 
versus Rectumtumoren: 16.2 maanden), wat het belang aantoont van een 
goede en volledige surveillance.
	 Aan de andere kant van het spectrum, wanneer de primaire tumor 
zich heeft verspreid naar andere organen, is de rol van chirurgie minder 
significant en adviseren de richtlijnen alleen een operatie bij patiënten 
met resectabele metastasen of patiënten met symptomen zoals darmob-
structie, perforatie of bloedingen. Het uiteindelijke doel bij patiënten met 
laat stadium darmkanker is het verlengen van de overleving zonder de 
kwaliteit van leven daarbij te schaden. Een chirurgische interventie – met 
in dit stadium een hoge kans op complicaties – is daarom controversieel. 
Hoofdstuk 3 beschrijft de impact van postoperatieve complicaties op 
overleving bij patiënten met gemetastaseerd colon- en rectumtumoren. In 
de groep waarbij de uitzaaiingen niet resectabel waren was een duidelijk 
negatief effect te zien van complicaties na de operatie, in het bijzonder bij 
respiratoire (HR=7.53) en cardiale klachten (HR=3.75). Bij patiënten met 
resectabele afstandsmetastasen werd de overleving niet beïnvloed door 
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postoperatieve complicaties, wat de indicatie voor een operatieve ingreep 
bij deze groep bekrachtigt. Omdat de verwachting is dat chemotherapeu-
tische behandelingen blijven verbeteren, is een trend naar minder opera-
tieve ingrepen bij stadium IV colorectaal carcinomen zeer waarschijnlijk. 
Om het voordeel van primaire tumorresectie in dit stadium te bevestigen 
of te weerleggen zijn meer gerandomiseerde studies nodig.

Het tweede deel van dit proefschrift focust zich uitsluitend op colontumo-
ren. De diagnostische en therapeutische behandelingen voor dikke darm-
kanker blijven zich ontwikkelen. Daarnaast zijn we door een multidiscipli-
naire werkwijze nu beter in staat een gepersonaliseerd behandelplan op 
te stellen. Desalniettemin blijft een optimale chirurgische resectie de basis 
voor verbeterde langetermijnresultaten. Een van de belangrijkste veran-
deringen binnen de oncologische darmchirurgie is de ontwikkeling van 
de laparoscopische chirurgie. Tegenwoordig gaat de voorkeur dan ook uit 
naar een minimaal invasieve procedure, mits dat technisch haalbaar is en 
niet ten koste gaat van de oncologische uitkomsten. Voor de resectie van 
tumoren in het colon transversum (het horizontale deel van de dikke darm) 
wordt nog vaak gekozen voor een hemicolectomie, waarbij naast een deel 
van het horizontaal gelegen transversum ook het rechter of linker deel van 
de dikke darm wordt verwijderd. Het feit dat minimaal invasieve chirurgie 
tot op heden nog niet zo frequent wordt toegepast voor deze tumoren 
komt met name door de anatomische ligging van het transversum wat het 
een moeilijke ingreep maakt. Ook in deze studie, beschreven in Hoofdstuk 
4, bleek een transversum colectomie (TC) minder vaak uitgevoerd dan de 
hemicolectomie, waarbij zelfs een dalende trend over de studieperiode 
werd waargenomen. Dit laatste ging hand in hand met de invoer van de 
laparoscopische benadering, die bij een hemicolectomie veel frequenter 
werd uitgevoerd. Dit resulteerde echter niet in betere postoperatieve 
uitkomsten in de hemicolectomie groep, wat wel de verwachting was bij 
meer laparoscopische procedures. De oncologische uitkomsten waren 
daarnaast vergelijkbaar (geschatte 5-jaars overleving: 78.8% versus 73.5%; 
ziektevrije overleving: 87.0% versus 90.1%). Een transversum colectomie 
lijkt dus een veilige oncologische ingreep voor de behandeling van kanker 
in het mid-transversum, met mogelijk zelfs betere uitkomsten dan een 
hemicolectomie mits er meer ingrepen laparoscopisch verricht kunnen 
worden.
	 Voor een succesvolle laparoscopische ingreep is ervaring nodig en 
moet het klinisch ook een haalbare ingreep zijn. In de loop der jaren is 
de ervaring gegroeid, wat resulteert in meer succesvol verlopen laparo-
scopieën. Desalniettemin blijft conversie naar een open procedure een 
probleem, wat blijkt uit recente studies waarin 17% van de oncologische 
laparoscopieën geconverteerd moeten worden. Hoofstuk 5 analyseert de 
impact van conversie op het postoperatieve beloop en lange termijn uit-
komsten door niet alleen te vergelijken met patiënten die een succesvolle 
laparoscopische ingreep ondergingen maar ook met patiënten waarbij 
een primaire open procedure werd uitgevoerd. De noodzaak tot conversie 
daalde van 11.6% in de eerste helft van de studie naar 7.7% in de tweede 
helft. Verschillende patiënt- en tumorgerelateerde factoren waren geas-
socieerd met conversie, waaronder het mannelijk geslacht, alcohol- en/
of nicotinemisbruik, linkszijdige tumoren, verder gevorderd stadium van 
de darmkanker en pathologische risicofactoren (o.a. angio-invasie en peri-
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neural invasie), maar daarnaast ook procedure-gerelateerde factoren (o.a. 
verklevingen en een multiviscerale resectie). Postoperatieve uitkomsten 
waren significant slechter na conversie in vergelijking met een succesvolle 
laparoscopische procedure, waaronder een langere ziekenhuisopname, 
meer complicaties tijdens opname (21.2% versus 41.5%) en meer heropna-
mes (3.4% versus 11.5%). Op de langere termijn werden meer recidieven 
gezien (9.8% versus 21.4%) en een kortere overleving (geschatte 5-jaars 
overleving: 86.2% versus 70.5%). De uitkomsten bleven slechter na het 
corrigeren voor het stadium van de ziekte. Vergeleken met primaire open 
chirurgie ontwikkelden geconverteerde patiënten vaker intra-abdominale 
abcessen/naadlekkages (9.4% versus 2.7%) en postoperatieve wondinfec-
ties (9.4% versus 3.2%). Onafhankelijk van patiëntkarakteristieken, stadi-
um van de ziekte, postoperatieve complicaties en behandeling middels 
adjuvante therapie bleef conversie een voorspeller voor een slechtere 
overleving in vergelijking met laparoscopische chirurgie (HR=2.04). De 
uitkomsten waren daarentegen vergelijkbaar met primair open procedures 
(HR=0.84). In de multivariate analyse van ziektevrije overleving was chirur-
gische benadering geen onafhankelijke factor meer en waren enkel patholo-
gische uitkomsten gerelateerd aan slechtere uitkomsten. Deze bevindingen 
zijn een aanvulling op de reeds bekende resultaten uit de literatuur. In deze 
studie wordt namelijk niet alleen vergeleken met een succesvol verlopen 
laparoscopische procedure maar ook met een geplande open ingreep. Dit 
laatste is van essentieel belang om te kunnen beoordelen of conversie daad-
werkelijk gedefinieerd moet worden als een complicatie of slechts als een 
nadelige uitkomst zonder consequenties. Deze studie suggereert het laatste 
omdat behoudens een hogere incidentie van postoperatieve infecties zowel 
korte- als langetermijnresultaten vergelijkbaar waren tussen de conversie en 
de geplande open operatie. De langere operatieduur speelt naar alle waar-
schijnlijkheid een belangrijke rol in het ontwikkelen van infectieuze compli-
caties. Idealiter wordt dan ook het besluit tot converteren zo vroeg mogelijk 
gemaakt, om de operatieve duur te bekorten. Om dit te bewerkstelligen 
is ervaring van de chirurg noodzakelijk, zowel op technisch niveau als het 
vermogen om intra-operatief een (vroegtijdig) oordeel te vellen over de haal-
baarheid van een laparoscopische ingreep.
	 Een andere factor die oncologische darmchirurgie ingewikkeld maakt 
is de noodzaak voor een multiviscerale resectie (LMR). LMR is geïndiceerd 
bij T4 tumoren om volledige tumorresectie te bewerkstelligen. Uit bestaande 
literatuur blijkt echter dat slechts 26-39% van de patiënten met pT4-tumo-
ren een multiviscerale resectie ondergaan. In deze studie, beschreven in 
hoofdstuk 6, onderging 66% van de patiënten met pT4b (betrokkenheid van 
andere organen) een multiviscerale resectie en 21% van alle pT4a-tumoren 
(betrokkenheid van enkel het viscerale peritoneum). Gedurende de onder-
zoeksperiode was een duidelijke toename van LMR te zien. De belangrijkste 
reden om geen LMR uit te voeren bij patiënten met pT4b-tumoren was het 
bekende en moeilijke onderscheid tussen oncologische invasie en benigne 
reactieve verklevingen. Omdat het nog niet mogelijk is om dit onderscheid 
preoperatief te maken door middel van beeldvorming, is het enkel geba-
seerd op het intra-operatieve oordeel van een chirurg. Eerder werd LMR 
geassocieerd met een hogere morbiditeit, wat enige terughoudendheid van 
de chirurg in de hand zou kunnen werken. In deze studie was het postope-
ratieve beloop echter gelijk, met uitzondering van meer bloedtransfusies 
bij patiënten die LMR ondergingen. De oncologische uitkomsten waren 
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daarnaast significant slechter wanneer LMR niet werd uitgevoerd in pT4-tu-
moren (geschatte 5-jaars overleving: 46.7% versus 70.0%, 5-jaars darmkan-
ker-gerelateerde overleving: 67,2% versus 89,6%) en bleek de overleving van 
T4-patienten die wel LMR hadden ondergaan vergelijkbaar met patiënten 
met een lager stadium darmkanker (T3-tumoren: 78.6%, 92.8%, respectieve-
lijk). Ook na correctie voor pTN-stadium, adjuvante therapie en het behalen 
van complete tumorresectie (R0) was de prognose slechter voor T4-patien-
ten die geen multiviscerale resectie hadden ondergaan (totale overleving: HR 
= 1.72, darmkanker-gerelateerde overleving: HR = 3.36). Een multiviscerale 
resectie lijkt dus een veilige ingreep met verbeterde langetermijnresultaten 
en is daarom ten zeerste aanbevolen bij twijfel over tumorinvasie.

Het laatste deel van dit proefschrift belicht de uitkomsten van het patholo-
gisch onderzoek op het chirurgisch verwijderd weefsel. Stadiëring van de 
kanker vindt hoofdzakelijk plaats aan de hand van de TNM (Tumor, Node, 
Metastasis) classificatie. Huidige richtlijnen adviseren postoperatieve che-
motherapie bij stadium III patiënten (als de lymfeklieren zijn aangedaan). 
Desalniettemin krijgen ongeveer 30% van patiënten zonder positieve lymfe-
klieren een recidief, wat de tekortkoming van de TNM-classificatie laat zien. 
Meerdere histopathologische risicofactoren buiten de TNM-stadiëring om 
zijn tot op heden beschreven. De huidige richtlijnen adviseren dan ook adju-
vante therapie te overwegen bij patiënten met stadium II darmkanker en po-
sitieve snijranden, slecht gedifferentieerde tumoren, bij een presentatie met 
obstructie of perforatie, T4 tumoren of lymfangio-invasie. Echter is validatie 
van deze factoren vaak gedaan in cohorten waar zowel colon- als rectumpa-
tiënten in zaten ondanks de bekende verschillen tussen beide tumoren.
	 Verschillen in klinische presentatie en pathologische kenmerken 
tussen verscheidene locaties binnen het colon worden beschreven in 
hoofdstuk 7. Rechtszijdige tumoren bleken groter en gecorreleerd met 
slechtere karakteristieken, waaronder een verder gevorderd stadium van 
de kanker, ongunstigere histopathologische resultaten (slechte differen-
tiatie, microsatelliet instabiliteit en deficiënties in de mismatch repair ei-
witten) en patiëntkenmerken (hogere leeftijd en ASA-score). Al deze com-
ponenten leidden, zoals verwacht, tot een slechtere prognose (geschatte 
5-jaars overleving stadium I-III: rechtszijdig: 73,0%; transversum: 76,2%; 
linkszijdig: 80,8%). De darmkanker-gerelateerde overleving was echter 
vergelijkbaar (91,7%, 94,2%, 91,8%, respectievelijk). In tegenstelling tot re-
sultaten van eerder gepubliceerde onderzoeken bleek tumorlocatie geen 
onafhankelijke prognostische waarde te hebben. Het grootste verschil 
met voorgaande studies was de mogelijkheid te corrigeren voor relevante 
covariabelen, zoals adjuvante therapie en pathologische factoren (slechte 
differentiatie, lymfangio-invasie en perineurale invasie). Deze studie bena-
drukt dus nogmaals het belang histopathologische factoren te integreren 
in de bestaande TNM-classificatie. 
	 Een van de eerder genoemde prognostische biomarkers is angio-in-
vasie. Angio-invasie, en in het bijzonder extramuraal (EMVI), is een his-
topathologisch kenmerk dat uitgebreid is onderzocht in rectumkanker 
maar zelden in colontumoren alleen. Dit is met name te wijten aan het 
feit dat bij rectumtumoren preoperatief een MRI wordt verricht waarop 
betrokkenheid van de omliggende bloedvaten goed te beoordelen is. Dit 
beeldvormend onderzoek wordt echter niet routinematig gebruikt voor 
de stadiëring van colontumoren. In hoofdstuk 8 wordt de impact van an-
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gio-invasie in colontumoren onderzocht. Bij het stijgen van het stadium 
van de ziekte werd ook meer angio-invasie gezien (21.1% in stadium II, 
40.0% in stadium III). Daarnaast nam de detectie in haar geheel toe gedu-
rende de studieperiode (gemiddeld 27.5% in de eerste helft naar 33.3% in 
de laatste). Ongeacht het stadium van de ziekte was EMVI gecorreleerd 
met andere risicofactoren, waaronder lymfovasculaire en perineurale in-
vasie. Daarnaast zagen we een hoger percentage locoregionale recidieven 
en afstandsmetastasen met vervolgens een slechtere overleving bij EMVI 
positieve patiënten. Bij patiënten met enkel intramurale angio-invasie 
werden vergelijkbare resultaten gezien als bij patiënten met helemaal 
geen invasie. In lijn met de huidige richtlijnen kregen stadium II patiën-
ten met EMVI positieve tumoren vaker adjuvante therapie (33.3% versus 
16.3%). Na multivariate analyse bleef de ziektevrije periode en tijd tot 
overlijden korter bij patiënten met EMVI positieve tumoren. Daarnaast 
bleken stadium II patiënten met EMVI een slechtere prognose te hebben 
dan stadium III patiënten zonder EMVI, onafhankelijk van adjuvante the-
rapie (HR=2.02). Als postoperatieve chemotherapie niet afdoende werkt 
is de vraag of een andere pre-of postoperatieve benadering nodig is voor 
patiënten met colontumoren en angio-invasie. De rol van neoadjuvante 
behandeling bij colontumoren lijkt tot op heden beperkt. Gezien het gun-
stige effect van deze therapie op EMVI positieve tumoren in het rectum, 
zou dit mogelijk vertaald kunnen worden naar EMVI positieve tumoren in 
het colon. Meer onderzoek is uiteraard nodig om hier een definitieve uit-
spraak over te kunnen doen. 
	 Tot slot wordt in hoofdstuk 9 de prognostische waarde van perineu-
rale invasie (PNI) bij stadium I-III colontumoren bestudeerd. PNI werd ge-
vonden in 18.8% van de patiënten, waarbij de incidentie hoger was in een 
later stadium van de ziekte. Daarnaast werd meer PNI in linkszijdige tumo-
ren gevonden, wat mogelijk te verklaren is door het verschil in anatomie 
en het daarmee samenhangende uitgebreider weefselonderzoek bij dista-
le tumoren en tevens de uitgebreide zenuwinnervatie in het kleine bekken. 
Dit bevestigt nogmaals het belang van het scheiden van colon- en rec-
tumtumoren in prognostische onderzoek. Net als bij angio-invasie vonden 
we bij perineurale invasie ook een relatie met andere risicofactoren (T4 
tumoren, positieve lymfeklieren, slecht gedifferentieerde tumoren en ook 
(lymf)angio-invasie). Kaplan-Meier curves toonden slechtere uitkomsten 
voor PNI positieve tumoren, zelfs wanneer PNI positieve stadium II tumo-
ren vergeleken werden met PNI negatieve stadium III tumoren (geschatte 
5-jaars overleving: 55.0% versus 71.0%). PNI bleek, onafhankelijk van an-
dere risicofactoren, een 45% hoger risico op een ziektevrije overleving en 
een 52% hogere kans op darmkanker-gerelateerde sterfte te geven. De 
impact was echter minder groot dan de eerder beschreven risicofactoren, 
waaronder T4 tumoren, lymfeklier metastasen, darmobstructie en extra-
murale angio-invasie. Bij stadium III patiënten werd een evidente reductie 
van 77% op de totale mortaliteit gezien na behandeling met adjuvante 
chemotherapie. In stadium II patiënten was dit minder duidelijk. De kans 
op overlijden was twee keer zo groot bij PNI patiënten die geen postope-
ratieve behandeling kregen, maar de ziektevrije overleving en de kans op 
darmkanker-gerelateerde mortaliteit veranderde niet. Hoogstwaarschijn-
lijk is de hogere totale mortaliteit bij stadium II PNI patiënten niet direct 
toe te schrijven aan de perineural invasie, maar aan de groep patiënten 
die vanwege een hogere leeftijd en meer comorbiditeit niet in aanmerking 
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kwamen voor adjuvante behandeling. Onze resultaten steunen het advies 
om postoperatief te behandelen in lymfeklier negatieve, maar PNI positie-
ve tumoren dus onvoldoende. 
	 Het gebruik van adjuvante chemotherapie in stadium II darmkan-
ker blijft controversieel. Tot nog toe is er slechts een marginaal voordeel 
van maximaal 5% op de totale overleving aangetoond. Ondanks de vele 
veranderingen en verbeteringen in diagnostiek en behandeling valt er 
zonder twijfel nog veel winst te behalen. Een van de factoren waar winst 
te behalen is, is het achterhalen van de exacte implicatie van de klinische 
en pathologische karakteristieken die in de huidige richtlijnen zijn opge-
nomen als risicofactoren. In dit proefschrift is de prognostische waarde 
van een aantal van deze factoren in het colon onderzocht, maar wordt de 
toegevoegde waarde van adjuvante behandeling niet bevestigd voor alle 
risicogroepen. De keuze om postoperatief aanvullende therapie te geven 
blijft tot op heden dus gebaseerd op de voorkeur van arts en patiënt. Dit 
benadrukt de behoefte aan een gedetailleerder risicoprofiel waarbij dui-
delijker wordt welke hoog-risico patiënten baat zullen hebben bij aanvul-
lende therapie.
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te danken heb. Alle adviezen van de laatste jaren hebben me gebracht 
waar ik destijds alleen maar van kon dromen. Het mooiste beroep van de 
wereld, het feest gaat nu echt beginnen. En natuurlijk blijven er twijfels, 
maar dan zijn het slechts die twee woorden die het doen, die je precies zo 
uitspreekt als mijn schoonouders doen: “Goéd zo”. En dan weet ik dat het 
goed is. 

Dear coauthors. Marty and Vikram, your enthusiasm for pathology is 
catching. Thanks for all the hours of brainstorming and teaching me how 
not to get too nauseous behind the microscope. We’ve managed to set-up 
this great project and I cannot wait to see the first results. Dr. Bordeia-
nou and Dr. Kunitake, thank you for your critical insights on my work. En 
Ramzi, de overlap was slechts een week maar je hebt zoveel meer ach-
tergelaten dan je me toen hebt kunnen laten zien. Al was het leven in Bos-
ton zonder House of Cards wellicht een stuk minder aangenaam geweest. 
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Geachte leden van de promotiecommissie, geachte prof. dr. P.J. Tanis, 
prof. dr. E. Dekker, dr. J.B. Tuynman, prof. dr. F.P. Vleggaar, prof. dr. M.J. 
van de Vijver en prof. dr. C.J.A. Punt, hartelijk dank voor uw bereidheid 
om zitting te nemen in mijn promotiecommissie en om mijn proefschrift 
op haar wetenschappelijke waarde te beoordelen. 

Lieve An, wat een tijd hebben we gehad! Weer of geen weer, op de fiets 
voor dag en dauw naar MGH. En als we geluk hadden ook in het weekend. 
Altijd verwelkomd door Angel. Het geroddel van de secretaresses mis ik 
als kiespijn, maar het chirurgisch ontleden van de lobsters des te meer. Je 
gaat een geweldige chirurg worden! Het is dat ik m’n blinde darm al kwijt 
ben, anders was die voor jou geweest. 

Lieve Quirina, roommate! En de leukste uit de Honours-groep! Wat een 
geluk dat we van het begin tot het einde samenwoonden in Boston. Naast 
al het harde werk was jij gelukkig ook altijd in voor mooie trips en afleid-
ing. Hiken, langlaufen en zelfs op de racefiets door Texas. Samen lachen 
en af en toe huilen om de gemiddelde Amerikaan. Wat een tijd. Casa 
Rossmore. You can’t survive. But we did it.

Alexandra, I am so grateful that we ran into each other. Sunday mornings 
along the Charles, weekdays at the MIT track and always time for some 
proper pancakes or Tatte, as the perfect distraction from research. You 
are a gem of a friend. And I still think Europe would suit you well.
 

MIJN PARANIMFEN
Lieve Kiek, in de zomer van 2011 was het meteen raak. Sindsdien zijn er vrij 
weinig dagen geweest dat we geen contact hebben gehad, ook toen ik in 
Boston zat was je nooit te beroerd om te pas en te onpas te bellen. Jouw 
eerlijkheid, betrouwbaarheid, neurotische trekjes en ontzettend aansteke-
lijke lach zijn een zegen. Je bent een keiharde werker die uitdagingen niet 
uit de weg gaat. Ik ben benieuwd waar we op terug kunnen kijken als we 
later samen giechelend in het bejaardentehuis zitten.

Lieve Ka. Er zijn maar weinig mensen die zo ijzersterk zijn als jij. De afge-
lopen jaren heb je nog meer dan ooit laten zien waar je allemaal toe in sta-
at bent, en we weten allemaal dat we nog veel meer kunnen verwachten. 
Je bent er altijd, in goede en minder goede tijden. En altijd even trots. 

Fellows. Sophie, Lau, Ka en Ari. Ietwat bescheiden kwam ik in de derde 
klas toch nog op het Barlaeus terecht, waar de Cornelis Vrij-clan zich vrij 
duidelijk had gevestigd. Toch klikte het meteen en accepteerden jullie 
“het ghetto-kind uit Oost”. Ik had me echt geen betere vriendinnen kun-
nen wensen, en nog steeds niet. Kogels vangen voor m’n matties. Ook nu 
in Zuid zou ik het blijven doen.  

De Boys. Rik, Mau, Len en Just, goed dat jullie er zijn! Zo ver van Damsko 
af was het fijn om te weten dat er goed gezorgd wordt voor mijn vriend-
innen. En ondertussen ook voor elkaar. Het Kwartier… Zolang het maar 
geen eigen leven gaat leiden.
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Lieve Jaap en Marloes. De WP voelde vanaf het begin al meteen als een 
tweede thuis, en dat is alleen maar sterker geworden. Grootse plannen, 
ideeën en ambities kan ik altijd met jullie bespreken. En of het nu slaagt of 
niet, alles mag gevierd worden. Jullie hebben me laten zien dat er meer 
is dan een scalpel en een scoop, zonder mijn ambities in het ziekenhuis te 
veranderen. Wat een geluk om zulke lieve schoonouders te hebben!

Katrien, Beckett en Dorothy. Na een aantal jaren zijn we dan nu eindelijk 
allemaal in Amsterdam. En dan ook nog op loopafstand van elkaar. Ik heb 
ontzettend veel bewondering voor hoe jullie het allemaal doen. Tijdrov-
ende banen, reizen, en ondertussen het allerliefste nichtje van de wereld 
grootbrengen. Ik ben ontzettend blij dat we nu zo dichtbij elkaar zijn, want 
het is altijd fijn om bij jullie te zijn.

Zusjes, lieve zusjes. Hoe is het toch mogelijk dat pap en mam drie totaal 
verschillende dochters op de wereld hebben gezet? Soms geeft dat wat 
wrijving, maar het is vooral keihard lachen met jullie. Juulz, lieve Juul, 
wat gaat het worden? Hou je de stethoscoop om, of ga je voor het hoge 
torentje? Welke plek je ook kiest, overal zullen ze blij zijn dat je voor hen 
hebt gekozen. En Pollewop, lieve Paola, de wereld ligt aan je voeten. Met 
zo’n groot hart en ijzersterk doorzettingsvermogen kom je overal. Ik ben 
apetrots op jullie. Het is ook maar goed dat jullie niet meer zoveel naar je 
oudste zus luisteren. Want ik moet eerlijk toegeven dat ik misschien niet 
altijd gelijk heb. Misschien, niet altijd, maar meestal wel.

Lieve pap en mam, waar moet ik beginnen. Jullie hebben ons altijd in al-
les gesteund, lieten ons altijd doen waar wij zelf in geloofden. En keken 
dan, ongeacht het resultaat, vol trots toe. Jullie hebben mij geleerd mijn 
grenzen op te zoeken en laten me zien wanneer het mooi is geweest. Ik 
kan niet vaak genoeg zeggen dat ik me geen betere en lievere ouders had 
durven wensen. 
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