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ABSTRACT

Background. Locoregional recurrence (LR) in colon
cancer is uncommon but often incurable, while the factors
associated with it are unclear. The purpose of this study
was to identify patterns and predictors of LR after curative
resection for colon cancer.

Methods. All patients who underwent colon cancer resec-
tion with curative intent between 1994 and 2008 at a tertiary
referral center were identified from a prospectively main-
tained institutional database. The association of LR with
clinicopathologic and treatment characteristics was deter-
mined using univariable and multivariable analyses.
Results. A total of 1397 patients were included with a
median follow-up of 7.8 years; 635 (45%) were female, and
the median age was 69 years. LR was detected in 61 (4.4%)
patients. Median time to LR was 21 months. On multivari-
able analysis, the independent predictors of LR were disease
stage [hazard ratio (HR) for Stage II 4.6, 95% confidence
interval (CI) 1.05-19.9, HR for Stage III 10.8, 95% CI
2.6-45.8], bowel obstruction (HR 3.8, 95% CI 1.9-7.4),
margin involvement (HR 4.1, 95% CI 1.9-8.6), lympho-
vascular invasion (HR 1.9, 95% CI 1.06-3.5), and local
tumor invasion (fixation to another structure, perforation, or
presence of associated fistula, HR 2.2, 95% CI 1.1-4.5).
Adjuvant chemotherapy was not associated with reduced LR
in patients with either Stage II or Stage III tumors.
Conclusions. Adherence to oncologic surgical principles in
colon cancer resection results in low rates of LR, which is
associated with tumor-dependent factors. Recognition of these

© Society of Surgical Oncology 2016

First Received: 28 July 2016;
Published Online: 3 November 2016

D. Liska, MD
e-mail: liskad@ccf.org

factors can help to determine appropriate postoperative
surveillance.

An estimated 93,090 new cases of colon cancer were
diagnosed in the United States in 2015." For those pre-
senting with resectable disease, surgery offers the only
chance for cure. Even though distant recurrence remains
the most common cause of cancer-related mortality for
these patients, locoregional recurrence (LR) is estimated to
occur in 4-11.5% of cases, with severe impact on survival
and morbidity.”™ Over the past few decades, LR has been
the focus of intensive research in rectal cancer, as differ-
ences in long-term survival between patients with colon
and rectal primary tumors were traditionally attributed to
dramatic differences in LR rates. Contrary to rectal cancer,
only a few studies attempted to address LR of colon cancer,
with no significant improvement in LR rates.””’ In fact,
with the widespread adoption of advances in the multi-
disciplinary treatment of rectal cancer, including the
principles of total mesorectal excision (TME) and the
administration of neoadjuvant chemoradiotherapy, there is
now evidence suggesting that oncological outcomes in
rectal cancer patients might be better than in patients with
colon cancer.*™""!

Colon cancer recurs locally because viable tumor cells
remain in situ after the resection. This may be due to poor
operative technique, where potentially removable cells are
not removed or viable cells are implanted at the time of
resection, or it may be due to aggressive biology, where
viable cells have already escaped the limits of resectability.
It is important to discover whether operative or tumor
factors are primarily associated with LR to improve sur-
gical techniques appropriately or treat and to survey tumors
with aggressive biology.'* The purpose of our study was to
measure the incidence of LR in a cohort of patients with
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colon cancer treated in a single academic referral center,
identify the disease and treatment parameters associated
with LR, and define high-risk groups that could benefit
from more intensive adjuvant therapy and closer follow-up.

METHODS

All patients who underwent curative surgical resection
for Stage I-III adenocarcinoma of the colon between 1994
and 2008 were identified from a prospectively maintained
institutional colorectal cancer database. Informed consent
was obtained before enrolment into the database and a
waiver of consent was received for database studies with
anonymous data. The study was approved by the Cleveland
Clinic Institutional Review Board.

Follow-up assessment included physical examination,
serial evaluation of CEA levels, colonoscopy, and cross-
sectional imaging, varying slightly among individual sur-
geons while remaining within accepted standards of
practice.'® For patients whose postoperative cancer
surveillance took place at outside institutions, follow-up
assessment was by phone interviews while clinical docu-
mentation was obtained whenever possible. Any recurrence
of disease (local or distant) or death was recorded.

Tumors included in the present study were primary
adenocarcinomas of the large bowel that arose anywhere
between the cecum and rectosigmoid junction, defined as
15 cm proximal to the anal verge. The sites of the tumors
were categorized anatomically as cecum, ascending colon,
hepatic flexure, transverse colon, splenic flexure,
descending, and sigmoid colon. Those who underwent
palliative surgery (R2 resection) were excluded. Data on
patient demographics, year of surgery, individual surgeon,
laparoscopic versus open approach, tumor location, histo-
logic grade, presence of lymphovascular invasion (LVI),
TNM stage according to the American Joint Committee on
Cancer 7th edition manual, number of lymph nodes
examined, local invasion of the tumor (defined as fixation
to another structure, perforation, or presence of associated
fistula), obstruction, and adjuvant chemotherapy adminis-
tration were collected.

Operations were performed by surgeons trained in
oncologically appropriate radical colectomy, including high
vascular ligation, and en bloc resection of attached organs or
the abdominal wall. Most surgeons were trained in the
preliminary lymphovascular isolation technique described
originally by Turnbull.'* LR was defined as any histological
or clinical evidence of tumor regrowth near the primary site.
The sites of LR were divided into four groups on the basis of
established criteria: perianastomotic colon, mesenteric and
paracolic lymph nodes, peritoneum (including serosal and
omental implants), and retroperitoneum.'>'®  Tumor

recurrence at nonregional sites, such as liver or lung, was
recorded as distant relapse. LR was recorded regardless of
the presence of metastatic disease.

Statistical Analyses

Kaplan—-Meier (KM) curves were used to demonstrate
univariable associations between locoregional recurrence
and categorical study variables. Continuous variables were
dichotomized at their median values for the purpose of
forming categories for the KM curves. Multivariable Cox
Proportional Hazards models were generated with inde-
pendent variables selected in a stepwise fashion based on
Akaike’s information criterion (AIC). Statistical signifi-
cance of results was defined as P < 0.05. Analyses were
also carried out with subsets according to stage. R version
2.15.1 was used for the analyses (Www.r-project.org).

RESULTS
Patient and Treatment Characteristics

A total of 1,397 patients met the inclusion criteria, and
their outcomes were further analyzed. The median age was
69 years, and 635 (45%) were female (Table 1). Median
follow-up was 7.8 years [interquartile range (IQR)
45-135 months], and 1349 of 1397 (96.6%) patients were
followed for a minimum of 5 years or until death. Resec-
tions were performed by 20 different colorectal surgeons,
although 84% were performed by 8 surgeons. A laparo-
scopic approach was undertaken in 15% of the resections.
Histology confirmed microscopically clear resection mar-
gins in 1344 (96%) patients . Among those resections with
positive resection margin, 95% was radial margin
involvement in T3/4 tumors. The median number of lymph
nodes per patient was 24, and 87% of resections had at
least 12 lymph nodes evaluated. Data regarding adjuvant
chemotherapy were available for 1194 patients, of whom
388 (32.5%) received adjuvant chemotherapy following
surgery. Among patients with Stage III disease, 73.8%
were treated with adjuvant chemotherapy (Table 2).

Patterns of Locoregional Recurrence

LR was detected in 61 (4.4%) patients. The median time
to LR was 21 (IQR 12-36) months. Isolated LR occurred in
36 (2.6% of all patients, 59% of LR) patients, whereas LR
occurred synchronously with distant metastases in 25
(41%). The patterns of local recurrence are described in
Table 3; the majority presented as locoregional peritoneal
implants (46%). The median survival after the index
operation was 2.9 years for patients with LR, whereas for
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TABLE 1 Patient characteristics and locoregional recurrence rates

Characteristics N % Locoregional recurrence
% P value
Total 1397 100 44
Age, year 0.77°
<69 716 51.3 4.6
>69 681 48.7 4.1
Gender 0.41°
Male 762 54.5 39
Female 635 45.5 4.9
Surgery date 0.49°
1994-2001 828 59.3 4.7
2001-2008 569 40.7 39
Primary tumor site 0.52°
Cecum 354 25.3 54
Ascending colon 261 18.7 3.8
Hepatic flexure 73 52 6.8
Transverse colon 137 9.8 5.1
Splenic flexure 64 4.6 1.5
Descending colon 75 5.4 5.3
Sigmoid colon 433 31.0 3.5
Left versus right colon 0.46"
Left colon 825 59.1 5.0
Right colon 572 40.9 35
Pathologic stage <0.001”
I 397 284 0.5
I 534 38.2 3.6
11 466 334 8.6
Pathologic T <0.001°
T1 182 13.0 0
172 295 21.1 1.4
13 847 60.6 5.7
T4 73 52 12.3
Pathologic N <0.001°
NO 931 66.7 35
N1 316 22.6 5.7
N2 147 10.5 15.0
NX 3 0.2 0
Tumor size, cm 0.01°
<4 779 55.8 35
>4 618 442 55
Nodes examined 0.04"
<24 740 53.0 5.2
>24 657 47.0 35
Tumor differentiation® 0.003"
Well 91 6.6 0
Moderately 954 68.8 39

Poorly 341 24.6 7.0
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TABLE 1 continued

Characteristics N % Locoregional recurrence
% P value
Local tumor invasion 0.001"
No 1298 92.9 39
Yes 99 7.1 104
Obstruction <0.001°
No 1334 95.5 3.7
Yes 63 4.5 17.5
Margin positive <0.001"
No 1344 96.2 39
Yes 53 3.8 13.2
Lymphovascular invasion <0.001°
No 1246 89.2 3.6
Yes 151 10.8 10.6
Surgical approach 0.96"
Open 1193 85.4 4.0
Laparoscopic 204 14.6 4.4

Bold face indicates P < 0.05

Local tumor invasion: fixation to another structure, perforation, or presence of associated fistula
* Data not available for all subjects (11 missing values)

" Log-rank

TABLE 2 Adjuvant chemotherapy administration and locoregional recurrence rates

N % Locoregional recurrence rates
% P value

Stage II primary tumor 0.18*

No adjuvant chemotherapy 697 89.6 2.3

Adjuvant chemotherapy 81 10.4 4.9
Stage III primary tumor 0.90*

No adjuvant chemotherapy 109 26.2 7.3

Adjuvant chemotherapy 307 73.8 10.1

Data not available for all subjects. Missing values: Stage I & II = 153, Stage III = 50
* Log-rank test

TABLE 3 Patterns of locoregional recurrence

LR total (n = 61) Isolated LR (n = 36) LR with distant metastasis (n = 25)
Perianastomotic 5 (8%) 4 (11%) 1 (4%)
Mesentery/nodal 11 (18%) 6 (17%) 5 (20%)
Peritoneum 28 (46%) 15 (42%) 13 (52%)
Retroperitoneum 17 (28%) 11 (30%) 6 (24%)

LR locoregional recurrence

those who did not develop LR it was 11.1 years. There was ~ who developed LR synchronously with distant metastases
no statistically significant difference in survival between (P = 0.54) or between the specific types of LR, although
patients who developed isolated LR compared with those  the low incidence of LR does not allow definitive
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conclusions. The median survival after diagnosis of LR
was only 9 (IQR 4-27) months. Ultimately, 29 (48%)
patients with LR underwent surgery for their recurrent
disease, which was palliative in 17 cases.

Predictors of Locoregional Recurrence

Factors associated with a statistically significant increase
in LR rate on univariable analysis included tumor size,
pathological stage, T and N classification, moderate or poor
differentiation, LVI, positive resectional margin, lymph
node harvest of less than 24 nodes, local tumor invasion
(defined as fixation to another structure, perforation, or
presence of associated fistula), and associated bowel
obstruction (Table 1). The impact of stage on cumulative LR
rates is presented in Fig. 1. There was no significant asso-
ciation between the risk of LR and the operating surgeon
(P =0.1), year of operation (before or after 2001,
P = 0.49), or the use of a laparoscopic approach (P = 0.72).

On multivariable analysis, independent factors signifi-
cantly associated with an increased LR rate were
pathological stage, local tumor invasion, associated bowel
obstruction, lymphovascular invasion, and positive margin
(Table 4). Local recurrence developed in 40 (12.7%) of the
316 patients who had at least one of the following: N2
disease, local tumor invasion, associated bowel obstruc-
tion, or positive margin . By contrast, local recurrence
developed in 21 (1.9%) of the remaining 1,081 patients
who had none of these factors.

Adjuvant chemotherapy did not correlate with LR.
Among patients with both Stage II and Stage III primary
tumors, the administration of adjuvant chemotherapy was
not associated with any statistically significant difference
in LR (Table 2).

DISCUSSION

Our findings demonstrated that LR in colon cancer
treated at a specialized center is relatively uncommon,
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Stage II 534 453 384 313 232 144 95 62 37 16 4
Stage Il 466 366 305 247 194 138 89 59 41 14 2

FIG. 1 Cumulative local recurrence according to tumor stage

affecting approximately 4.4% of patients. However, its
impact on survival is profound, as half of these patients
survived less than 9 months following the diagnosis of LR.
Surgery-related factors, including the use of minimally
invasive approaches, whether the surgery was performed
during the second half of the study period (after 2001), the
number of harvested lymph nodes, and the individual sur-
geon, did not independently affect LR. Whereas adjuvant
chemotherapy has been shown to improve overall survival
in stage III colon cancer, our study did not demonstrate any
advantageous effects of chemotherapy on LR specifically,
regardless of the index cancer stage. Rather, tumor-related
factors seemed to dictate LR rates. As such, pathological
stage was an independent predictor of locoregional recur-
rence [hazard ratio (HR): 4.6 for Stage II; 10.8 for Stage
III]. In addition, patients with local tumor invasion (fixa-
tion to another structure, perforation, or associated fistula)
or with associated obstruction were found to be indepen-
dently associated with LR (HR of 2.2 and 4.6 respectively).
Finally, resections with microscopically positive margins
also exhibited a greater rate of LR independent of other
parameters. In total, two-thirds of LR occurred in patients
with either N2 disease, local tumor invasion, associated
bowel obstruction or positive margin, a group comprising
only 23% (315/1397) of the entire cohort.

Our findings on the association between tumor charac-
teristics and LR highlight the importance of the underlying
disease biology and are in agreement with recent reports
from other institutions.”*® Disease stage has been con-
sistently confirmed as a predictor of LR; advanced tumors
have a higher likelihood of harboring locoregional
micrometastases that may remain after radical surgery and
thus result in LR. Even though not as clearly linked in the
literature, the fact that locally invasive and or obstructed
tumors are associated with greater LR rates is not sur-
prising. Tumors that are locally invasive or that progress to
the point of obstruction likely represent biologically more
aggressive tumors. Additionally, patients presenting with
obstructing tumors are more likely to undergo urgent or
emergent operations under suboptimal conditions. These
findings are also consistent with current NCCN guidelines,
which identify colon adenocarcinomas presenting with
obstruction as high-risk and recommend adjuvant
chemotherapy administration even in the absence of nodal
involvement.'” Tt should be noted, however, that in our
cohort chemotherapy administration did not result in any
reduction of LR rates.

Recently, the surgical treatment of colon cancer has
received renewed attention. Some centers have suggested
that a more radical and anatomical type of resection
referred to as complete mesocolic excision (CME) can lead
to improved outcomes.'®° These techniques are in some
aspects similar to the Turnbull’s “no touch isolation”
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TABLE 4 Multivariable model of factors associated with locoregional recurrence

Hazard ratio 95% CI P value
Stage <0.001*
1 Reference
11 4.6 1.05-19.9
111 10.8 2.6-45.8
Clinical obstruction 3.8 1.9-74 0.001*
Positive margin 4.1 1.9-8.6 0.002*
Lymphovascular invasion 1.9 1.06-3.5 0.04"
Local tumor invasion 2.2 1.1-4.5 0.04*

Bold face indicates P < 0.05

Local tumor invasion: fixation to another structure, perforation, or presence of associated fistula

CI confidence interval
? Cox proportional hazards test

technique.'* Studies have shown that these more extensive
resections result in superior pathologic specimens with
longer vascular pedicles, larger mesenteric surface areas,
and higher lymph node yields.”>*' However, it is still
controversial whether improvements in such surrogate
endpoints evinced from specimen examinations are con-
sistently associated with improved long-term oncologic
outcomes in the same way that the adoption of TME is
associated with reduced locoregional relapse in rectal
cancer. It also is notable that a reduced incidence of LR has
historically been the tangible endpoint assessing opti-
mization of both surgical and (neo)adjuvant treatments in
rectal cancer, while the same pattern is not detectable in
colon cancer, where LR remains an uncommon occurrence
as the present study indicates. Further highlighting the
limitations of extrapolating rectal cancer principles to
colon cancer, surgery for rectal cancer has been associated
with considerable variability among individual surgeons
and centers, which was not the case in our cohort.?> 3 If
LR rates in colon cancer are to be primarily attributed to
surgical technique, future studies will need to demonstrate
that there is considerable surgeon variability with regards
to LR after colon cancer resection, similar to rectal
cancer. 26

Our study has certain limitations. Some patients devel-
oped LR during postoperative surveillance at an outside
institution. Despite attempts at follow-up telephone inter-
views for all patients, it is possible that some LR
occurrences may have been missed. However, with median
follow-up greater than 7 years, and almost 97% of patients
followed for a minimum of 5 years or until death, it is
unlikely that many LR cases were not captured. In addition,
not all recurrences were histologically confirmed, reflecting
the current patient care paradigm, diagnosis was sometimes
clinical and relied on a combination of physical exam,
CEA levels, and appearance on serial CT or PET scans. In

an effort to include all locoregional recurrences in our
study, we used a liberal definition of LR to include
essentially all intra-abdominal recurrences
parenchymal organs. This definition may lead to an
overestimation of the true incidence of LR, possibly
including distant peritoneal or omental metastatic implants.
Nevertheless, we decided that an inclusive rather than
selective definition better serves the purpose of this study
and facilitates appropriate classification of recurrences.
Furthermore, even though we made an effort to study as
many potential predictors of LR as possible, our analyses
were limited by what was routinely reported by our GI
pathologists for the majority of the study period. Therefore,
the evaluation of certain pathologic factors (including
perineural invasion, tumor deposits, etc.) and genetic fac-
tors (including microsatellite status, RAS and RAF
mutations, etc.) was not technically possible. Finally, our
study did not evaluate the completeness of mesocolic
resection as a predictor of LR. Unlike rectal cancer spec-
imens, it is currently not our pathologists’ standard practice
to record the quality of colonic specimens by measuring the
length of the vascular pedicle and examining the meso-
colon for intactness as described by West.”' A large,
prospective study with detailed analysis of the oncologic
quality of colonic specimens and long-term outcomes is
needed to examine whether pathologic specimen quality is
a predictor for LR and survival.”®

Based on our results, the majority of LR occurred in
patients with locally aggressive disease, obstruction or
multiple positive lymph nodes. This population is therefore
relatively easy to identify and could receive closer
surveillance to potentially detect LR at an earlier time
when salvage surgery remains feasible. In addition,
understanding the patterns and timing of recurrences is
important for determining appropriate surveillance sched-
ules. The median time between surgery and detection of

in non-
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LR in this study was 21 months, emphasizing the impor-
tance of close surveillance during the first 3 postoperative
years. While more intense follow-up has been found to be
associated with improved outcomes and an increased rate
of surgical treatment of recurrence, the optimal timing and
choice of diagnostic tests has yet to be determined.'**’

CONCLUSIONS

Our data demonstrated that in patients with colon cancer
treated at a specialized center with adherence to oncologic
principles, the incidence of locoregional recurrence is rel-
atively low. However, due to the dismal outcomes of
patients who develop LR, this remains a significant prob-
lem. While treatment factors appear to have limited impact
on LR, characteristics of the underlying disease allow
appropriate risk-stratification of colon cancer patients,
identifying those that may benefit from close surveillance.
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