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Abstract

Background: There have been no established criteria to distinguish patients at high
and low risk of recurrence in stage Il colorectal cancer. Several risk factors have been
identified but recurrence could not be fully predicted by each factor alone. This
retrospective study sought to develop a nomogram for accurate prediction of
recurrence in stage Il colorectal cancer.

Material and Methods: We reviewed the data for 4167 patients with stage Il
colorectal cancer who underwent surgery between January 1997 and December 2006.
The risk factors for recurrence were identified, and a nomogram for recurrence was
created using the factors. The performance of the nomogram was assessed with a
bootstrapped-concordance index and calibration plots.

Results: Sex, carcinoembryonic antigen, tumor location, tumor depth, lymphatic
invasion, venous invasion and number of lymph nodes studied were significantly
associated with recurrence. A nomogram for 5-year freedom from recurrence was
created with these factors. The bootstrapped-concordance index of the nomogram was
0.64, and it was well calibrated.

Conclusions: Our nomogram can be a useful tool for accurate prediction of recurrence

in stage Il colorectal cancer.

Key words: nomogram; colorectal neoplasms; stage Il; recurrence



Introduction

Colorectal cancer is a common neoplasm worldwide, and both its incidence and
mortality rate are increasing in many countries [1]. In Japan, more than 47000 people
per year died of colorectal cancer, and it was the third leading cause of cancer death in
men and the leading cause in women according to national surveillance data from 2013
[2]. Prognostication and therapeutic strategies are mainly based on TNM staging [3]
and use of adjuvant chemotherapy is recommended in stage 1l disease. On the other
hand, the prognosis of stage Il colorectal cancer varies, and current clinical guidelines
recommend adjuvant chemotherapy only for patients with risk factors, but it remains
debatable how to identify those who are at high risk of recurrence [4].

The nomogram is a graphical prediction model that combines several prognostic
factors, and it has been created for many types of cancer including colorectal cancer
[5-12]. Some nomograms have been considered to be more useful than the traditional
staging system in prognostic prediction [13]. We considered that we could make use of
a nomogram for identifying high-risk stage Il colorectal cancer patients, who are not
fully covered by TNM staging [3]. There has been no nomogram for the prediction of
recurrence in stage Il colorectal cancer [14]. Therefore, the aim of this study was to
create a nomogram, which could accurately predict the probability of recurrence in

stage Il colorectal cancer, using common clinicopathological factors.

Material and Methods

Patients

The Japanese Study Group for Postoperative Follow-up of Colorectal Cancer
(JFUP-CRC) retrospectively collected data for 18993 colorectal cancer patients

without distant metastases who underwent surgery with curative intent at 22 hospitals



from January 1997 to December 2006 in Japan. From this database, we extracted the
patients with stage Il colorectal cancer who underwent sufficient (D2 or D3) lymph
nodes dissection (i.e., the removal of pericolic, intermediate, and/or main lymph nodes
around the root of the regional artery). Classification of lymph node dissection was
based on the General Rule of the Japanese Society for Cancer of the Colon and Rectum
(JSCCR) [15]. Eligible age was restricted to ages between 40 and 80 years to minimize
patient heterogeneity because young patients might have genetic differences and older
patients have many prognostic factors other than colorectal cancer. We excluded
patients with cancer in other organs regardless of the severity of carcinoma. Also, we
excluded those receiving preoperative chemotherapy/radiotherapy which was

performed based on the therapeutic strategy of each hospital.

Statistical analysis

Survival or recurrence rate was estimated with Kaplan—Meier methods. Overall
survival (OS) was defined as the time between date of surgery and date of death, and
relapse-free survival (RFS) was defined as the time between date of surgery and date
of recurrence or death, whichever came first. Cox proportional hazard model was used
to detect independent risk factors for time to recurrence (TTR) in univariate and
multivariate analyses. TTR was defined as the time between date of surgery and date of
recurrence. A nomogram was developed using multivariate Cox proportional hazard
model for TTR. All risk factors were dealt as continuous variables in the analyses for
linear prediction in nomograms. All p values were two-sided, and p values less than
0.05 were considered significant. The performance of the nomogram was assessed
using a concordance index and calibration plots with bootstrap samples. A concordance

index is a numeric measure of discrimination ability, and calibration plots are graphical



assessment of predictive ability, which compares the nomogram-predicted probabilities
with observed probabilities. All statistical analyses were performed using R [16] and

the nomogram was made using ‘rms’ package [17].

Results

Patient background characteristics

A total of 4167 patients in the JFUP-CRC database were included in the analyses
(Figure 1). Clinicopathological characteristics of all patients are shown in Table 1. We
identified 538 patients (13.2%) with cancer recurrence and 3534 patients (86.8%) with
no recurrence. Median follow-up period of surviving patients was 83 months
(interquartile range: 61 to 105). Five-year OS, RFS and recurrence rate were 91.1%,

83.0% and 13.5%, respectively.

Nomogram for 5-year freedom from recurrence

We evaluated the association between clinicopathological factors and recurrence in
univariate and multivariate analyses. Sex, preoperative carcinoembryonic antigen
(CEA), tumor location, tumor depth, lymphatic invasion, venous invasion and number
of lymph nodes studied (NLNS) were significantly associated with recurrence, while
age and differentiation were not. Moreover, adjuvant chemotherapy did not influence
the prognosis of patients (Table 2). We created a nomogram for 5-year freedom from
recurrence using these factors (Figure 2). CEA was used with restricted cubic spline to
fit clinical experience. The nomogram had a bootstrapped-concordance index of 0.64

and was well calibrated (Figure 3).

Discussion



The main purpose of using a nomogram is to predict the prognosis of the patients with
a high accuracy. It is beneficial to know the risk of recurrence in terms of postoperative
surveillance and indication for adjuvant chemotherapy. In the recommendations of
American Society of Clinical Oncology (ASCO) [18] or European Society for Medical
Oncology (ESMO) [19], several risk factors for recurrence in stage Il colon cancer
have been suggested, including a small number of lymph nodes examined, T4 lesion,
intestinal occlusion or perforation, poorly differentiated pathology, vascular, lymphatic
or perineural invasion and CEA >5 ng/dl. The current guidelines consider patients who
have at least one of these factors at high risk of recurrence. Recently, Bdckelman et al
[20] reported that the prognostic impact of tumor depth, differentiation, NLNS,
mismatch repair status and emergency surgery were confirmed. In our study,
preoperative CEA elevation, tumor depth, lymphatic invasion, venous invasion and
small NLNS were identified as risk factors. In terms of prediction performance, when
we used each factor individually for the prediction of recurrence, the boot-strapped
concordance indices were 0.55, 0.54, 0.54, 0.54 and 0.53, respectively, which were
consistent with those in a previous report [14]. On the other hand, prediction by the
nomogram developed is more precise (concordance index = 0.64).

One of the main purposes of precise prediction of recurrence is to determine the
indication for adjuvant chemotherapy. The efficacy of adjuvant chemotherapy in stage
Il patients has been discussed for a long time. Many randomized controlled trials and
meta-analyses have been performed [21-24] but a conclusion has not been reached.
The best explanation for this discrepancy is the prognostic diversity of stage Il patients
[23]. In stage Il disease, patients at low risk of recurrence might gain little survival
benefit from adjuvant chemotherapy, while patients at high risk could benefit.

Moreover, Pahlman et al [25] reported that fewer patients might need adjuvant



chemotherapy according to the recent improvement of diagnostic and therapeutic
modalities. Excessive use of adjuvant chemotherapy would make a harmful impact on
patients. Therefore, it is important to detect high-risk patients with accuracy. The
nomogram developed in this study would be useful for the appropriate selection of
candidates for adjuvant chemotherapy.

The strength of our study was the use of data from a large sample and common
clinicopathological factors only, which permits high generalizability. Although the
usefulness of the genetic signature of cancer has been reported recently, such as
ColoPrint or Oncotype DX, the high cost of genetic testing is an important problem [26,
27]. Also, we assessed only stage Il colorectal cancer patients so the heterogeneity of
the cancer stage is not an issue, especially the influence of nodal status. However, this
study has some limitations. No information about patient performance status and
comorbidity was available. These factors might affect prognosis, but we made an effort
to minimize the effects by excluding the patients with insufficient lymph node
dissection, which was often performed in patients with poor performance status or
severe comorbidities. Also, we could not obtain data about emergency surgery,
mismatch repair status and intestinal occlusion or perforation, which are potential
factors that influence the prognosis of the patients [20]. In addition, this study used
not-so-new data (1997-2006), and the diagnostic/therapeutic modalities today might be
different from present ones [25]. Despite these limitations, we believe that our
nomogram can help with the detection of patients at high risk of recurrence and in

determining the need for adjuvant therapy in stage Il colorectal cancer.
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Figure legends
Figure 1 Consort diagram of patient selection.
JFUP-CRC: the Japanese Study Group for Postoperative Follow-up of Colorectal

Cancer; LND: lymph node dissection.

Figure 2 Nomogram for 5-year freedom from recurrence.

To estimate the probability of 5-year freedom of recurrence, locate patient values at
each axis, draw a straight line upward to the point axis, and sum the points of all
variables. Then, locate the sum on the total point axis, and trace a straight line
downward to the probability axis.

CEA: carcinoembryonic antigen; NLNS: number of lymph nodes studied

Figure 3 Calibration of the nomogram for 5-year freedom from recurrence.
The x-axis shows the predicted probability of 5-year freedom of recurrence, and the
y-axis shows the observed probability of 5-year freedom of recurrence and 95%

confidence intervals.
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Table 1 Patient background characteristics

Factor Category n %
Age (years) 40-49 267 6.4
50-59 1019 245
60-69 1520 36.5
70-80 1361 327
Sex Male 2494 59.9
Female 1672 40.1
CEA (ng/mL) <5.0 2593 67.2
5.0-9.9 652 16.9
10.0-14.9 203 53
15.0-19.9 103 2.7
20.0-24.9 69 1.8
25.0-29.9 39 1.0
30.0-34.9 29 0.8
35.0-39.9 31 0.8
40.0-44.9 19 0.5
45.0-49.9 9 0.2
250.0 110 29
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CEA: carcinoembryonic antigen



Table 2 Analyses of time to recurrence

Univariate analysis

Multivariate analysis

Factor HR 95% CI p value HR 95% CI p value
Age (by 10 years) 099 090 - 1.09 0.843

Sex (female/male) 0.74 062 - 088 <0.001 0.77 0.64 0.93 0.006
CEA (by 5 ng/mL) 1.08 1.05 - 1.12 <0.001 1.07 1.04 1.11  <0.001
Tumor location (rectum/left colon/right colon) 156 139 - 1.76 <0.001 1.56 1.38 1.78 <0.001
Lymph node dissection (D3/D2) 111 090 - 137 0319

Differentiation (low/well, moderate) 091 062 - 134 0629

Tumor depth (T4/T3) 1.71 141 - 206 <0.001 1.63 1.33 1.99 <0.001
Lymphatic invasion (+/0) 1.39 117 - 1.66 <0.001 1.22 1.01 1.48 0.035
Venous invasion (+/0) 1.47 122 - 1.77 <0.001 1.30 1.07 1.58  0.009
Number of lymph nodes studied (by 12) 092 086 - 100 0.037 0.89 0.82 0.96 0.002
Adjuvant chemotherapy (+/-) 146 120 - 177 <0.001

CEA: carcinoembryonic antigen, CI: confidence interval, HR: hazard ratio



Figure 1
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Figure 2
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Figure 3
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