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Isolated tumor cells in stage I & II colon
cancer patients are associated with
significantly worse disease-free and overall
survival
B. Weixler1,6, R. Warschkow2,7, U. Güller3,4, A. Zettl5, U. von Holzen6, B. M. Schmied2 and M. Zuber1*

Abstract

Background: Lymph node (LN) involvement represents the strongest prognostic factor in colon cancer patients.
The objective of this prospective study was to assess the prognostic impact of isolated tumor cells (ITC, defined as
cell deposits ≤ 0.2 mm) in loco-regional LN of stage I & II colon cancer patients.

Methods: Seventy-four stage I & II colon cancer patients were prospectively enrolled in the present study. LN at
high risk of harboring ITC were identified via an in vivo sentinel lymph node procedure and analyzed with
multilevel sectioning, conventional H&E and immunohistochemical CK-19 staining. The impact of ITC on survival
was assessed using Cox regression analyses.

Results: Median follow-up was 4.6 years. ITC were detected in locoregional lymph nodes of 23 patients (31.1 %).
The presence of ITC was associated with a significantly worse disease-free survival (hazard ratio = 4.73, p = 0.005).
Similarly, ITC were associated with significantly worse overall survival (hazard ratio = 3.50, p = 0.043).

Conclusions: This study provides compelling evidence that ITC in stage I & II colon cancer patients are associated
with significantly worse disease-free and overall survival. Based on these data, the presence of ITC should be
classified as a high risk factor in stage I & II colon cancer patients who might benefit from adjuvant chemotherapy.
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Background
Colon cancer still remains one of the leading causes of
cancer related death and represents a tremendous public
health problem. The TNM staging system discriminates
nodal negative (stage I & II) from nodal positive (stage III)
disease. Adjuvant treatment is usually reserved to stage III
disease. It is assumed that complete surgical resection can
be achieved in stage I & II colon cancer and therefore no
further treatment is recommended for most of these
patients. Unfortunately, up to 20 % of stage I & II disease
patients will develop recurrence within five years after
diagnosis. The cause of this high recurrence rate remains
unclear [1, 2]. However, the identification of factors

predicting a worse survival in stage II colon cancer led the
American Society of Clinical Oncology (ASCO) [3–5], the
Nationonal Comprehensive Cancer Network (NCCN) and
the European Society for Medical Oncology (ESMO) to
define a collective of high-risk patients who may benefit
from adjuvant chemotherapy. Those high-risk stage II
colon cancer patients feature at least one of the follwing
characteristics: pT4 tumor, poorly differentiated hist-
ology, presence of lymphovascular invasion, localized
perforation, bowel obstruction or less than 12 lymph
nodes (LN) analyzed [4, 6]. The patient benefit of an ad-
juvant treatment in this subgroup, however, remains a
matter of debate [7].
While uncertainty persists regarding the explanation

of the high recurrence-rate in node negative colon can-
cer, there is emerging evidence that the appearance of
isolated tumor cells (ITC) and micro-metastases in LN
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could be associated with worse prognosis [8–14]. Ac-
cording to the TNM classification system micro-
metastases are defined as tumor deposits of 0.2 mm
to ≤ 2 mm in diameter, labeled as pN1(mi), and ITC as
either single tumor cells or clusters of tumor cells of
0.2 mm or less, labeled as pN0(i+) [15].
The worldwide standard of histopathologic analysis of

colon cancer LN represents a single-level sectioning and
hematoxylin-eosin (H&E) staining through each discovered
LN. However, this method provides a very limited access to
the examined tissue and implies a relevant risk of sampling
bias and understaging [16]. Indeed, the detection of ITC
usually requires either molecular methods [17] or step sec-
tioning combined with immunohistochemistry and hence,
ITC are often missed using standard H&E staining. There-
fore, a few research groups have been evaluating the senti-
nel lymph node (SLN) procedure in colon cancer to allow a
more thorough investigation of a few LN with high prob-
ability of hiding tumor infiltrates. SLN assessment has been
reported to lead to an upstaging of up to 15 % of patients
with initially node negative colon cancer [16, 18–20].
There is rising evidence that colon cancer patients

with micro-metastases will have a prognosis similar to
patients with macro-metastases but little has been pub-
lished about the prognostic impact of ITC. Furthermore,
the vast majority of published studies are either retro-
spective or do not differentiate between colon and rectal
cancer [8, 21, 22]. To date only seven studies exist which
investigate the influence of ITC in node negative colon
cancer [12].
Therefore, the objective of our prospective study was

to asses the prognostic impact of ITC on disease-free
and overall survival in stage I & II colon cancer patients.

Methods
This study was performed between January 2005 and
December 2012 in an university affiliated hospital
(Kantonsspital Olten) and was designed as a prospective
single center trial. The study was approved by the ethics
committee EKNZ (Ethikkommission Nordwest- und
Zentralschweiz) and all patients had given written in-
formed consent prior to surgery.
Patients undergoing primary resection for histologi-

cally proven colon cancer were admitted to open
surgery and - after providing written informed consent -
analyzed according to the Swiss SLN protocol. This pro-
cedure consists of the in-vivo peritumoral injection of
isosulfan blue to identify the SLN, a procedure de-
scribed in detail elsewhere [19]. Only node negative
colon cancer patients, i.e. pN0 (stage I & II) were in-
cluded in this study. A total of 74 patients could be ana-
lyzed. Patients were divided into two groups, patients in
whom ITC were detected and patients who were truly
node negative.

Histopathologic examination
Five serial sections were obtained at 3 different levels of
each marked SLN. H&E staining was then performed for
the first section of each level. If no metastatic deposits
were detected, an immunohistochemical staining with
AE1/AE3 or CK19 was conducted for the fourth section
of each level. To collect the remaining non-SLN, the
fixed specimen was then manually dissected. Bivalving
and H&E staining of the non-SLN were then carried out.
All cytokeratin positive cells were confirmed to be
tumor cells, based on morphological characteristics, by
microscopic reevaluation of the immunostained sections
after counterstaining with hemalaun.

Staging
After completion of the study in December 2012, all histo-
pathologic reports were reviewed and staging was then per-
formed according to the 7th edition of the UICC staging
manual [23]. Isolated tumor cell deposits ≤ 0.2 mm were
considered as ITC [15, 24]. Patients in whom ITC were de-
tected after the above described histopathological in-depth
analyses were staged as pN0(i+).

Data collection and definitions
Survival and disease recurrence data were obtained by
phone interview with the responsible oncologist and/or
general practitioner. Adjuvant chemotherapy was given ac-
cording to interdisciplinary tumor board decisions. This de-
cision was made individually for each patient and was
based on the presence of high risk factors (T4, lymphovas-
cular invasion, poor differentiation, etc.) and the patient’s
general condition. ITC were not considered as an indication
for adjuvant chemotherapy.

Statistical analyses
Statistical analyses were performed using the R statistical
software (www.r-project.org). A two-sided p-value < 0.05
was considered statistically significant. Continuous data
are expressed as means ± standard deviations. For
comparing proportions, Chi-Square statistics and for
comparing continuous variable t-tests were used.
Disease-free survival was defined as the primary out-
come variable.
First, the risk for ITC was assessed regarding age, gen-

der, tumor localization, tumor staging, grading, lympho-
vascular invasion, preoperative CEA levels, number of
extracted lymph nodes, number of sentinel lymph nodes,
and adjuvant therapy. The same set of covariates includ-
ing ITC were then assessed as putative prognostic fac-
tors for disease-free and overall survival in unadjusted
and risk-adjusted Cox regressions including a backward
variable selection procedure from the full Cox regression
model based on the Akaike’s information criterion.
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The relative survival – as a validated mean to re-
flect the cancer-specific survival – was estimated
[25]. Relative survival was calculated as the ratio of
the observed overall survival rate and the expected
population-based survival rate (“background mortal-
ity”) [26]. The population tables regarding back-
ground mortality for the relative survival analyses
were obtained from the Swiss National Statistical Of-
fice [27]. The relative survival analyses were con-
ducted using the R package “relsurv” using the
Pohar-Perme-estimator [28]. Population mortality
rates were included as time-dependent covariates in
multiplicative Cox regression model [29].

Results
Patient characteristics and propensity for detection of ITC
A total of 74 patients with a median follow-up time of
4.6 years (range:1 month to 8.0 years) were eligible for
the present analysis. On average, 28.5 ± 11.7 LN were
resected with an average of 5.8 ± 3.4 SLN. In 23 of the
74 stage I & II patients (31.1 %) ITC were detected.
Table 1 summarizes the patient characteristics and the
outcomes. Differences between patients with and without
ITC did not reach the significance level except the use of
adjuvant therapy (Table 1). In univariate and multivariable
logistic regression, adjuvant therapy again was the only
variable independently associated with the detection of

Table 1 Patient characteristics and outcome for stage I & II colon cancer patients

Patient characteristics Total N = 74 ITC N = 23 No ITC N = 51 p

Age (Years) 70.6 ± 11.4 69.3 ± 10.2 71.2 ± 11.9 0.494 A)

Gender Male 39 (52.7 %) 13 (56.5 %) 26 (51.0 %) 0.659 B)

Female 35 (47.3 %) 10 (43.5 %) 25 (49.0 %)

Tumor localisation Colon caecum 12 (16.2 %) 1 (4.3 %) 11 (21.6 %) 0.084 B)

Ascending colon 16 (21.6 %) 5 (21.7 %) 11 (21.6 %)

Transverse colon 13 (17.6 %) 4 (17.4 %) 9 (17.6 %)

Descending colon 7 (9.5 %) 5 (21.7 %) 2 (3.9 %)

Rectosigmoid colon 26 (35.1 %) 8 (34.8 %) 18 (35.3 %)

T-stage I 7 (9.5 %) 0 (0.0 %) 7 (13.7 %) 0.264 B)

II 21 (28.4 %) 7 (30.4 %) 14 (27.5 %)

III 42 (56.8 %) 14 (60.9 %) 28 (54.9 %)

IV 4 (5.4 %) 2 (8.7 %) 2 (3.9 %)

Grading I 1 (1.4 %) 0 (0.0 %) 1 (2.0 %) 0.792 B)

II 47 (63.5 %) 15 (65.2 %) 32 (62.7 %)

III 26 (35.1 %) 8 (34.8 %) 18 (35.3 %)

Lymphovascular No 63 (85.1 %) 17 (73.9 %) 46 (90.2 %) 0.091 C)

invasion Yes 11 (14.9 %) 6 (26.1 %) 5 ( 9.8 %)

Preoperative CEA <5 μg/l 59 (79.7 %) 16 (69.6 %) 43 (84.3 %) 0.167 C)

levels ≥5 μg/l 15 (20.3 %) 7 (30.4 %) 8 (15.7 %)

TotalLNn (n) 28.6 ± 11.7 27.7 ± 11.5 29.0 ± 11.9 0.668 A)

SLNn (n) 5.8 ± 3.4 6.0 ± 3.5 5.6 ± 3.4 0.685 A)

NSLNn (n) 22.9 ± 11.6 21.7 ± 10.6 23.4 ± 12.1 0.565 A)

Adjuvant therapy No 65 (87.8 %) 17 (73.9 %) 48 (94.1 %) 0.025 C)

Yes 9 (12.2 %) 6 (26.1 %) 3 (5.9 %)

Recurrence No 71 ( 95.9 %) 21 (91.3 %) 50 ( 98.0 %) 0.254 C)

Yes 3 (4.1 %) 2 (8.7 %) 1 (2.0 %)

Yes: liver 1 (1.4 %) 0 (0.0 %) 1 (2.0 %)

Yes: lung 2 (2.7 %) 2 (8.7 %) 0 (0.0 %)

Death No 58 (78.4 %) 16 (69.6 %) 42 (82.4 %) 0.239 C)

Yes 16 (21.6 %) 7 (30.4 %) 9 (17.6 %)

n (%); mean ± standard deviation
A) t-Test, B) Chi-squared test, C) Mid-p test
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ITC (odds ratio = 5.65, 95 % CI = 1.34 to 29.2). The nine
patients who received adjuvant therapy did have stage II
colon cancer and all of them featured at least one high risk
factor. These nine patients were younger (62.8 ± 13.8 years
vs. 71.7 ± 10.7 years, p = 0.093), had more advanced tumor
stages (AJCC stage II in 9 out of 9 patients vs. 37 of 65
patients, p = 0.010), had more often a lymphovascular
invasion (4 of 9 patients vs. 7 of 65 patients, p = 0.026),
and had more frequently elevated preoperative CEA levels
(4 of 9 patients vs. 11 of 65 patients, p = 0.090).

ITC as a prognostic factor for disease-free survival
An unadjusted Cox proportional hazards regression
analysis revealed ITC as a prognostic factor for disease-
free survival with an approximately 182 % increased risk
for recrurrence (hazard ratio (HR) of death = 2.82, 95 %
CI = 1.06 to 7.49, p = 0.043) (Table 2). The five-year
disease-free survival for patients with ITC was 63.4 %
(95 % CI = 43.0 % to 93.4 %) compared to 89.6 % (95 %
CI = 81.3 % to 98.7 %) in patients without ITC (Fig. 1).
After adjusting for potential confounders in multivariable
Cox regression analyses, ITC remained associated with a

worse disease-free survival (HR = 3.69, 95 % CI = 1.18 to
10.9, p = 0.024). Moreover, a backward variable selection
procedure revealed ITC as an independent factor for
higher risk of recurrence (HR = 4.73, 95 % CI = 1.67 to
13.4, p = 0.005).

ITC as a prognostic factor for overall survival
Unadjusted Cox proportional hazards regression analysis
did not reveal ITC as a statistically significant prognostic
factor for overall survival (HR of death = 2.27, 95 % CI =
0.83 to 6.17, p = 0.119). ITC were an independent signifi-
cant prognostic factor for overall survival after risk-
adjusting in multivariable Cox regression analysis (HR of
death = 3.50, 95 % CI = 1.03 to 11.8, p = 0.043) and in
backward variable selection (hazard ratio of death = 4.48,
95 % CI = 1.50 to 13.4, p = 0.010) (Fig. 2).

ITC as a prognostic factor for relative survival
A Cox proportional hazards regression analysis with
adjustment for the population-based background mor-
tality revealed ITC as a significant poor prognostic fac-
tor for relative survival (hazard ratio of death = 3.31,

Table 2 Prognostic factors for disease-free survival after colon cancer resection

Prognostic factors Cox Regression

Unadjusted A) Full model B) Variable selection C)

HR (95 % CI) p D) HR (95 % CI) p D) HR (95 % CI) p D)

ITC No Reference 0.043 Reference 0.024 Reference 0.005

Yes 2.82 (1.06–7.49) 3.59 (1.18–10.9) 4.73 (1.67–13.4)

Age (years) 1.10 (1.03–1.17) 0.001 1.12 (1.03–1.22) <0.001 1.13 (1.05–1.21) <0.001

Gender male Reference 0.260 Reference 0.220 - -

female 0.57 (0.21–1.55) 0.51 (0.17–1.53) - -

Tumor localisation colonic Reference 0.428 Reference 0.886 - -

rectosigmoidal 0.64 (0.21–2.00) 0.91 (0.24–3.47) - -

AJCC stage I Reference 0.569 Reference 0.581 - -

II 1.35 (0.47–3.84) 1.39 (0.43–4.52) - -

Grading GI/GII Reference 0.356 Reference 0.952 - -

GIII 1.62 (0.57–4.62) 1.04 (0.28–3.84) - -

Lymphovascular No Reference 0.182 Reference 0.368 - -

invasion Yes 2.30 (0.74–7.12) 2.04 (0.45–9.31) - -

Preoperative CEA <5 μg/l Reference 0.304 Reference 0.302 - -

levels ≥5 μg/l 0.49 (0.11–2.15) 0.42 (0.07–2.44) - -

TotalLNn (n) 0.98 (0.94–1.02) 0.323 1.00 (0.95–1.05) 0.898 - -

SLNn (n) 1.00 (0.86–1.15) 0.954 1.02 (0.85–1.22) 0.850 - -

Adjuvant No Reference 0.976 Reference 0.705 - -

Chemotherapy Yes 0.98 (0.22–4.33) 1.47 (0.21–10.4) - -

HR - Hazard ratios with 95 % confidence intervals (Wald type)
Prognostic factors for overall survival in
A) one Cox proportional hazards regression analyses for each factor
B) Cox proportional hazards regression analyses for all factors
C) Cox proportional hazards regression analyses after backwards variable selection
D) p values for likelihood ratio test
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95 % CI = 1.22 to 9.03, p = 0.025). When further adjust-
ing for other confounders in multivariable analysis,
ITC remained a significant poor prognostic factor for rela-
tive survival (hazard ratio of death = 3.83, 95 % CI = 1.12
to 13.1, p = 0.032). For patients without ITC, the relative

survival did not significantly exceed the survival one
would expect for the Swiss population matched for age,
gender and year of operation (p = 0.950). However, for pa-
tients with ITC, the survival was significantly worse when
comparing with the Swiss population matched for age,
gender and year of operation (p = 0.001). For patients
without ITC, nine deaths were recorded (9/51, 17.6 %),
three occurred due to tumor recurrence (3/51, 5.9 %).
For patients with ITC, seven deaths were recorded (7/
23, 30.4 %), two occurred because of tumor recurrence
(2/23, 8.7 %).

Discussion
The present study provides compelling evidence that ITC
have a significant negative impact on both disease-free
and overall survival in stage I&II colon cancer patients.
LN involvement represents the most important prog-

nostic factor in colon cancer patients [24, 30, 31]. Despite
complete surgical resection and the call for a minimum of
12 analyzed LN for adequate staging, an unsettling high
recurrence rate in stage I & II colon cancer patients re-
mains. Based on the present study it appears that this dis-
turbing phenomenon can at least partially be explained by
small lymph node tumor infiltrates that are missed during
standard histopathological analyses.
In accordance with our data there is an increasing body

of evidence that immunohistochemical and molecular
tumor cell detection identifies patients with poorer prog-
nosis [8, 10–12]. It appears that the conventional patho-
logic LN assessment with H&E staining, as proposed by
the College of American Pathologists, is not sufficient
[32]. It is a logical consequence that a more in depth ana-
lysis of LN with the highest probability of harbouring ITC
(the sentinel lymph nodes) would reflect more accurately
the real tumor burden. Based on these considerations the
SLN mapping procedure in colon cancer has been advo-
cated by different research groups in Europe as well as
North America [16, 18–20, 33]. In the present study all
prospectively included patients were analyzed according
to a standardized SLN protocol using immunohistochem-
istry to identify ITC. The present investigation clearly
demonstrates a negative prognostic impact of ITC in SLN
on disease-free survival. Furthermore, ITC was a poor
prognostic factor for overall survival in risk adjusted Cox
regression analyses.
Comparing data from different studies requires a uni-

form system of classifying small nodal tumor infiltrates.
However, the use of an inconsistent nomenclature in
many studies renders a comparison among published
studies difficult [8, 10, 22]. The TNM staging system de-
fines single tumor cells or tumor cell clusters ≤ 0.2 mm
as ITC which are pathologically classified as pN0(i+)
[24]. In our series, the prevalance of pN0(i+) patients
was 31 % and confirms the average detection rate of

Fig. 1 Kaplan–Meier curve for disease-free survival in unadjusted analysis.
The number of colon cancer patients at risk are given below each plot

Fig. 2 Kaplan–Meier curve for overall survival in unadjusted analysis
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most other studies using immunohistochemistry [8, 11,
12, 14, 18, 20].
As an indicator for surgical quality and pathological

thoroughness a minimum of 12 resected LN are re-
quired for adequate colon cancer staging. An average
of 28.5 ± 11.7 resected LN and 5.8 ± 3.4 collected SLN
reflect an excellent quality of oncological resection and
pathological dissection. This may also reflect the rela-
tively low recurrence rate of 4.1 % of our patients after
a median follow up of 4.6 years.
In this study we report on a collective of 74 stage I &

II colon cancer patients. Most previously published
studies did not differentiate between colon and rectal
cancer [10, 16, 21]. However, staging, therapeutic regi-
mens, prognosis and even recurrence patterns differ
between colon and rectal cancer. We thus advocate
that the two tumor types should be considered as dif-
ferent diseases and analysed separately.
We would like to acknowledge the limitations of the

present investigation. First, this analysis is a cohort study
and not a randomized controlled trial. However, for the re-
search question at hand, it is simply not possible to perform
a randomized trial. Second, potential bias due to unknown
confounding cannot be completely excluded. And finally,
the patient number was rather low, probably explaining the
lack of a significant result for the association between ITC
and overall survival in unadjusted risk analysis. However,
the disadvantageous effect of ITC persisted after risk-
adjustment both for overall and disease-free survival. More-
over, this study is among the largest to investigate the prog-
nostic impact of ITC on disease-free and overall survival.
The current ASCO, NCCN and ESMO guidelines rec-

ommend adjuvant chemotherapy for stage II patients
featuring high risk factors for tumor recurrence [3–5].
The patients in the presented trial did not receive adju-
vant chemotherapy unless the above-mentioned criteria
were present. The question if adjuvant treatment should
be offered to the subgroup of ITC positive patients was
beyond the scope of our study, however, it is likely that
such patients do benefit from adjuvant chemotherapy.

Conclusions
This study provides compelling evidence that ITC are an
independent poor prognostic factor for disease-free and
overall survival and pN0(i+) colon cancer should therefore
be considered as a high risk factor. Hence, the identification
of true node negative patients, which are cured by surgical
resection alone, should be considered in future studies and
guidelines.

Abbreviations
LN: lymph node; SLN: sentinel lymph node; ITC: isolated tumor cells;
H&E: hematoxylin-eosin; CK19: cytokeratin 19; ASCO: American society of
clinical oncology; NCCN: National comprehensive cancer network;
ESMO: European society for medical oncology.

Competing interests
The authors have declared no conflicts of interest.

Authors’ contributions
BW and AZ: Acquisition of data, analysis and interpretation of data, drafting
article, revising article, final approval. RW: Analysis and interpretation of data,
drafting article, final approval. UvH: Analysis and interpretation of data,
revising article, final approval. BS: Revising article, final approval. MZ and UG:
Conception and design, analysis and interpretation of data, revising article,
final approval. All authors read and approved the final manuscript.

Acknowledgements
The authors thank the patients and and all involved investigators, including the
physicians and nurses of the hospital as well as the laboratory technicians.

Author details
1Department of Surgery, Kantonsspital Olten, Baslerstrasse 150, CH - 4600
Olten, Switzerland. 2Department of Surgery, Kantonsspital St. Gallen, St.
Gallen, Switzerland. 3Department of Oncology/Hematology, Kantonsspital St.
Gallen, St. Gallen, Switzerland. 4University Clinic for Visceral Surgery and
Medicine, Inselspital Berne, University of Berne, Berne, Switzerland. 5Viollier
AG, Histopathology/Cytology, Basel, Switzerland. 6Department of Surgery,
University Hospital Basel, Basel, Switzerland. 7Institute of Medical Biometry
and Informatics, University of Heidelberg, Heidelberg, Germany.

Received: 24 December 2014 Accepted: 4 February 2016

References
1. Baxter NN, Virnig DJ, Rothenberger DA, et al. Lymph node evaluation in

colorectal cancer patients: a population-based study. J Natl Cancer Inst.
2005;97:219–25.

2. Weitz J, Koch M, Debus J, et al. Colorectal cancer. Lancet. 2005;365:153–65.
3. ASCO Recommendations on Adjuvant Chemotherapy for Stage II Colon

Cancer. Acessed August 3 2014. http://www.asco.org/qualitiy-guidelines/
asco-reommendations-adjuvant-chemotherapy-stage-ii-colon-cancer

4. NCCN Guidelines Version 3.2013 Colon Cancer. http://www.nccn.org/
professionals/physician_gls/pdf/colon.pdf. Acessed August 28 2013.

5. Early Colon Cancer: ESMO Clinical Practice Guidelines. Acessed August 3
2014. http://www.esmo.org/Guidelines-Practice/Clinical-Practice-Guidelines/
Gastrointestinal-Cancers/Early-Colon-Cancer

6. Labianca R, Nordlinger B, Beretta GD, et al. Primary colon cancer: ESMO
Clinical Practice Guidelines for diagnosis, adjuvant treatment and follow-up.
Ann Oncol. 2010;21 Suppl 5:v70–7.

7. Figueredo A, Coombes ME, Mukherjee S. Adjuvant therapy for completely
resected stage II colon cancer. Cochrane Database Syst Rev Cochrane
Database Syst Rev. 2008;(3):CD005390.

8. Faerden AE, Sjo OH, Bukholm IR, et al. Lymph node micrometastases and
isolated tumor cells influence survival in stage I and II colon cancer. Dis
Colon Rectum. 2011;54:200–6.

9. Iddings D, Ahmad A, Elashoff D, et al. The prognostic effect of
micrometastases in previously staged lymph node negative (N0) colorectal
carcinoma: a meta-analysis. Ann Surg Oncol. 2006;13:1386–92.

10. Mescoli C, Albertoni L, Pucciarelli S, et al. Isolated tumor cells in regional
lymph nodes as relapse predictors in stage I and II colorectal cancer. J Clin
Oncol. 2012;30:965–71.

11. Nicastri DG, Doucette JT, Godfrey TE, et al. Is occult lymph node disease in
colorectal cancer patients clinically significant? A review of the relevant
literature. J Mol Diagn. 2007;9:563–71.

12. Rahbari NN, Bork U, Motschall E, et al. Molecular detection of tumor cells in
regional lymph nodes is associated with disease recurrence and poor
survival in node-negative colorectal cancer: a systematic review and meta-
analysis. J Clin Oncol. 2012;30:60–70.

13. Nissan A, Protic M, Bilchik AJ, et al. United States Military Cancer Institute
Clinical Trials Group (USMCI GI-01) Randomized Controlled Trial Comparing
Targeted Nodal Assessment and Ultrastaging With Standard Pathological
Evaluation for Colon Cancer. Ann Surg. 2012;256:412–27.

14. Sirop S, Kanaan M, Korant A, et al. Detection and prognostic impact of
micrometastasis in colorectal cancer. J Surg Oncol. 2011;103:534–7.

Weixler et al. BMC Cancer  (2016) 16:106 Page 6 of 7

http://www.asco.org/qualitiy-guidelines/asco-reommendations-adjuvant-chemotherapy-stage-ii-colon-cancer
http://www.asco.org/qualitiy-guidelines/asco-reommendations-adjuvant-chemotherapy-stage-ii-colon-cancer
http://www.nccn.org/professionals/physician_gls/pdf/colon.pdf
http://www.nccn.org/professionals/physician_gls/pdf/colon.pdf
http://www.esmo.org/Guidelines-Practice/Clinical-Practice-Guidelines/Gastrointestinal-Cancers/Early-Colon-Cancer
http://www.esmo.org/Guidelines-Practice/Clinical-Practice-Guidelines/Gastrointestinal-Cancers/Early-Colon-Cancer


15. Hermanek P, Hutter RV, Sobin LH, et al. International Union Against Cancer.
Classification of isolated tumor cells and micrometastasis. Cancer. 1999;86:
2668–73.

16. Saha S, Sehgal R, Patel M, et al. A multicenter trial of sentinel lymph node
mapping in colorectal cancer: prognostic implications for nodal staging and
recurrence. Am J Surg. 2006;191:305–10.

17. Guller U, Zettl A, Worni M, et al. Molecular investigation of lymph nodes in
colon cancer patients using one-step nucleic acid amplification (OSNA):
a new road to better staging? Cancer. 2012;118:6039–45.

18. Saha S, Bilchik A, Wiese D, et al. Ultrastaging of colorectal cancer by sentinel
lymph node mapping technique–a multicenter trial. Ann Surg Oncol. 2001;
8:94S–8S.

19. Viehl CT, Guller U, Cecini R, et al. Sentinel lymph node procedure leads to
upstaging of patients with resectable colon cancer: results of the Swiss
prospective, multicenter study sentinel lymph node procedure in colon
cancer. Ann Surg Oncol. 2012;19:1959–65.

20. van der Pas MH, Meijer S, Hoekstra OS, et al. Sentinel-lymph-node
procedure in colon and rectal cancer: a systematic review and meta-
analysis. Lancet Oncol. 2011;12:540–50.

21. Liefers GJ, Cleton-Jansen AM, Van d V, et al. Micrometastases and survival in
stage II colorectal cancer. N Engl J Med. 1998;339:223–8.

22. Bosch Roig CE, Rosello-Sastre E, Alonso HS, et al. Prognostic value of the
detection of lymph node micrometastases in colon cancer. Clin Transl
Oncol. 2008;10:572–8.

23. Sobin LH, Gospodarowicz MK, Wittekind C. TNM Classification of Malignant
Tumours. 7th ed. 2009.

24. Edge SB, Byrd DR, Compton CC, Fritz AG, Greene FL, Trotti AE. American
Joint Committee on Cancer-cancer staging handbook, TNM classification of
malignant tumors. 7th ed. New York: Springer; 2010.

25. Tarantino I, Achermann P, Guller U, et al. Relative survival is an adequate
estimate of cancer-specific survival: baseline mortality-adjusted 10-year
survival of 771 rectal cancer patients. Ann Surg Oncol. 2013;20:3877–84.

26. Sarfati D, Blakely T, Pearce N. Measuring cancer survival in populations:
relative survival vs cancer-specific survival. Int J Epidemiol. 2010;39:598–610.

27. Schweizerische Eidgenossenschaft BfS. Jährliche Sterbetafeln. Acessed July
12 2013. http://www.bfs.admin.ch/bfs/portal/de/index/themen/01/06/blank/
dos/la_mortalite_en_suisse/tabl02.html

28. Pohar M, Stare J. Making relative survival analysis relatively easy. Comput
Biol Med. 2007;37:1741–9.

29. Andersen PK, Borch-Johnsen K, Deckert T, et al. A Cox regression model for
the relative mortality and its application to diabetes mellitus survival data.
Biometrics. 1985;41:921–32.

30. Chen SL, Bilchik AJ. More extensive nodal dissection improves survival for stages I
to III of colon cancer: a population-based study. Ann Surg. 2006;244:602–10.

31. Le Voyer TE, Sigurdson ER, Hanlon AL, et al. Colon cancer survival is
associated with increasing number of lymph nodes analyzed: a secondary
survey of intergroup trial INT-0089. J Clin Oncol. 2003;21:2912–9.

32. College of American Pathologists. Availabel at: http://www.cap.org/apps/
cap.portal. Acessed August 28 2013.

33. Leong SP, Zuber M, Ferris RL, et al. Impact of nodal status and tumor
burden in sentinel lymph nodes on the clinical outcomes of cancer
patients. J Surg Oncol. 2011;103:518–30.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Weixler et al. BMC Cancer  (2016) 16:106 Page 7 of 7

http://www.bfs.admin.ch/bfs/portal/de/index/themen/01/06/blank/dos/la_mortalite_en_suisse/tabl02.html
http://www.bfs.admin.ch/bfs/portal/de/index/themen/01/06/blank/dos/la_mortalite_en_suisse/tabl02.html
http://www.cap.org/apps/cap.portal
http://www.cap.org/apps/cap.portal

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Histopathologic examination
	Staging
	Data collection and definitions
	Statistical analyses

	Results
	Patient characteristics and propensity for detection of ITC
	ITC as a prognostic factor for disease-free survival
	ITC as a prognostic factor for overall survival
	ITC as a prognostic factor for relative survival

	Discussion
	Conclusions
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References



