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Abstract

Background
Though the prognosis of stage l colorectal cancer (CRC) is suitable, some patients still recurrence and have a poor prognosis. Few prognostic risk models
have been proposed. Therefore, we aimed to identify factors affecting the recurrence in patients with stage I CRC and develop a predictive nomogram.

Methods
The nomogram was based on a retrospective study on patients who underwent radical surgery for stage I CRC at Zhongshan Hospital (Shanghai, China)
between August 2008 and December 2016. Predictive factors for recurrence were determined and a nomogram predicting recurrence-free survival was
constructed based on Cox regression. This model was internally validated, and performance was evaluated through calibration plots.

Results
A total of 1,359 patients who underwent curative surgery for stage I CRC were enrolled. With the 62.0 months median follow-up time,71 (5.2%) experienced
recurrence. The median time to recurrence was 24 months, 70% was diagnosed within three years after curative resection and 80% within 5 years. The 5-year
cumulative recurrence rate was 5.0%, and the 10-year recurrence rate was 6.6%. In multivariate Cox analysis, age, preoperative serum CEA concentration,
preoperative serum CA19-9 concentration, preoperative neutrophil-to-lymphocyte ratio, primary tumor location and lymphovascular invasion were the
independent predictors of recurrence. A nomogram based on eight factors for recurrence-free survival was developed and internally validated. The
concordance index of the nomogram was 0.716.

Conclusions
For stage I CRC, more than one in every twenty people may experience recurrence within 10 years after radical surgery. The nomogram we developed and
internally validated might be helpfulhelpful in postoperative stage I CRC surveillance.

Introduction
Colorectal cancer(CRC) is the third most prevalent malignancy and a leading cause of cancer-related death worldwide[1]. The 5-years overall survival (OS) rate
of patients with CRC has increased markedly. These improvements are not only due to advances in treatment

strategies but to early detection but owing to cancer screening programs [2]and the popularization of digestive endoscopy [3, 4]. As screening colonoscopy
rates have increased, so has the proportion of patients diagnosed with stage I CRC.[5]. It has been thought that stage I CRC(pT1-2N0M0) has an excellent
prognosis after radical resection with a 5-year OS rate of more than 90% [6], and some even are cured. The standard surveillance schedule after curative
resection for colorectal cancer in Japan comprises serum tumor marker measurements every 3 months for the �rst 3 years and every 6 months for the next 2
years, computed tomography (CT) for chest and abdomen every 6 months for the �rst 3 years and every 12 months for the next 2 years, and colonoscopy
every 1–2 years. This schedule seems to be rather intensive for stage I CRC. There only have about 4.1 to 9.8% stage I CRC recurrence[7–9].]. Due to its
relatively low recurrence rate, few nomograms have been established. Therefore, our study aimed to identify clinicopathologic factors related to recurrence and
to develop a predictive nomogram, which could accurately predict the probability of recurrence in stage I colorectal cancer.probability of recurrence in stage I
colorectal cancer.

Materials And Methods
Patients and enrollment

This study was a retrospective design based on a prospectively collected institutional database at the General Surgery Department, Zhongshan Hospital,
Fudan University, Shanghai, China. Between August 2008 and December 2016, patients with stage I CRC(the description was based on the 8th edition of the
American Joint Committee on Cancer grading system) who underwent curative surgical resection were included. Patients with multiple primary CRC or with a
history of other malignancies were excluded. Patients who had chemoradiotherapy before surgery or patients with follow-up less than one year after surgery
were also excluded. This study was approved by the institutional review board of Zhongshan Hospital, Fudan University (Shanghai, China), and was carried
out following the Declaration of Helsinki. All patients provided written informed consent.

Clinicopathologic evaluation

Clinicopathologic variables that potentially predict tumor recurrence were collected, including age, sex, preoperative serological indicators, tumor location,
tumor differentiation, tumor size, lymphovascular invasion, number of retrieved lymph nodes, depth of tumor penetration into the colon wall (T stage) and
surgical approach. According to the distance from the anal verge(AV) to the lower border of the tumor (per rigid scope: 0 to 5 cm and 5 cm to 15 cm) [10], we
divided the rectal tumors into two groups for statistical analysis: Middle-high rectal cancer(HR) and lower rectal cancer(LR). Besides, right-sided colon cancer
(RC) is the tumor in the cecum, ascending colon, hepatic �exure, or the proximal two-thirds of transverse colon, left-sided colon cancer (LC) is the tumor arising
in the splenic �exure, descending colon, sigmoid colon, or rectosigmoid colon. We took blood before surgery and obtained the neutrophil-to-lymphocyte ratio
(NLR) by dividing neutrophil count by lymphocyte count.
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Follow-up evaluation and de�nition of recurrence

The follow-up schedule was based on the Chinese guidelines for colorectal cancer[11]. Patients were routinely followed every 3 months after surgery for the
�rst 2 years, every 6 months for another 3 years and annually thereafter. The evaluation included a clinical examination, measurement of the levels of tumour
markers including carcinoembryonic antigen (CEA) and CA19-9 and CT scans of the chest, abdomen and pelvis. Colonoscopy was performed every 6 months.
If the patient was suspected of recurrence, he/she would do a further examination, including biopsy, colonoscopy and tumor-related imaging examination. The
diagnosis of lung metastasis is made by pathological diagnosis. If the pathological diagnosis cannot be achieved, enhanced CT and PET-CT were be used[12].
Liver metastasis is diagnosed based on Chinese guidelines for colorectal liver metastases[13]. Local recurrence (LR) is the tumor recurrence con�ned to the
primary tumor’s regional area, including recurrence of pericolic fat, mesentery, lymph nodes, or intraluminal recurrence.

Statistical analysis
Recurrence-free survival(RFS) was calculated in months from the date of radical surgery to the time of detection of tumor recurrence, death, last date of
follow-up. Clinicopathologic variables such as sex, high-level preoperative serum CEA or CA19-9 concentration, the incidence of decreased level of prealbumin
or albumin, surgical approach, tumor location, LVI and T category were compared using Fisher’s exact test or the Pearson Chi-square between recurrent and
non-recurrent. Age retrieved lymph nodes and tumor size were compared by using an independent samples t-test. We calculated and compared the survival
rate by using the Kaplan–Meier method, the log-rank test. The Cox regression model was used to assess the independent factors of tumor recurrence. A
nomogram for predicting stage I CRC was created with the statistically signi�cant variables and evaluated using the concordance index (c index) and
calibration plots. The speci�c scores of each factor in the nomogram are calculated using the coe�cients from cox regression. A point system of nomogram
is used to assign each predictor, with point ranges from 0 to 100 in a graphic interface. Based on the estimated regression coe�cients, we rank the estimated
effects, disregarding statistical signi�cance and direction (absolute beta values). We determined which predictor has the most signi�cant impact in the model,
then sequentially assigned other predictors based on their proportions to the point assigned to the most prominent impact predictor. The presence of other
predictors in�uences each predictor. Finally, we used estimated beta coe�cients from a primary effect cox model. All tests were two-tailed and statistical
signi�cance was P < 0.05. All data were analyzed using SPSS 22.0 (SPSS Inc., Chicago, IL, USA) and R 3.1.1 (R Foundation for Statistical Computing, Vienna,
Austria; http://www.r-project.org/).

Results
Between August 2008 and December 2016, 1533 patients were diagnosed with stage I CRC at the General Surgery Department, Zhongshan Hospital, Fudan
University, Shanghai, China. After removing patients with hereditary CRC(n = 38), patients with a history of other malignancies (n = 59), patients who had
undergone chemoradiotherapy before surgery(n = 35), and patients with follow-up less than one year after surgery(n = 42), 1359(88.6%) patients were chosen
for analysis. (Fig. 1) The median follow-up time was 62.0 months for those patients, and 554 (40.8%) had colon cancer; 805(59.2%) had rectal cancer. Most of
them were diagnosed tumors classi�ed as T2(N = 815; 60.1%). Recurrence was signi�cantly related to old age(p = 0.004), higher preoperative serum CEA
concentration (p = 0.014), higher preoperative serum CA19-9concentration(p = 0.003), higher NLR(0.008), tumor location(p = 0.014), differentiation(0.028),LVI
(p = 0.008) and T category(p = 0.004)(Table 1 ).
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Table 1
Demographic and pathologic characteristics according to cancer recurrence

Variables Values as mean ± SD or no. of patients (%) P value

  Total (n = 1359) Non-Recurrence (n = 1288) Non-recurrence (n =71 )  

Age, years 62.8(51.6–64.0) 62.6(51.4–73.7) 66.5(55.4–77.5) 0.004

Sex

Male

Female

761(56.0)

598(44.0)

718(55.7)

570(44.3)

43(60.6)

28(39.4)

0.426

NLR

>=2.5

2.5

Unknown

282(20.8)

985(72.5)

92(6.8)

257(20.0)

942(73.1)

89(6.9)

25(35.2)

43(60.6)

3(4.2)

0.008

Prealbumin,g/L

< 0.25

>=0.25

Unknown

584(43.0)

673(49.5)

94(6.9)

545(42.3)

645(50.1)

89(6.9)

39(54.9)

27(38.0)

5(7.0)

0.097

Albumin,g/L

< 35

>=35

Unknown

86(6.3)

1212(89.2)

61(4.5)

78(6.1)

1152(89.4)

58(4.5)

8(11.3)

60(84.5)

3(4.2)

0.214

CEA, ng/mL

>=5

< 5

Unknown

188(13.8)

1102(81.1)

69(5.1)

170(13.2)

1053(81.8)

65(5.0)

18(25.4)

49(69.0)

4(5.6)

0.014

CA19-9,u ml

>=37

< 37

Unknown

34(2.5)

1239(91.2)

86(6.3)

28(2.2)

1180(91.6)

80(6.2)

6(8.5)

59(83.1)

6(8.5)

0.003

Tumor location

Right colon

Left colon

Middle-High rectal

Lower rectal

192(14.1)

274(20.2)

587(43.2)

306(22.5)

186(14.4)

256(19.9)

565(43.9)

281 (21.8)

6(8.5)

18(25.4)

22(31.0)

25(35.2)

0.014

Tumor size, cm 3.0(1.6–4.5) 3.0(1.6–4.5) 3.1(1.9–4.3) 0.626

Differentiation

WD/MD

PD/MUC

978(72.0)

381(28.0)

935(72.6)

353(27.4)

43(60.6)

28(39.4)

0.028

LVI

Positive

Negative

101(7.4)

1258(92.6)

90(7.0)

1198(93.0)

11(15.5)

60(84.5)

0.008

T stage

T1

T2

544(40.0)

815(60.0)

527(40.9)

761(59.1)

17(23.9)

54(76.1)

0.004

Retrieved LN 13.4(6.3–20.4) 13.4(6.5–20.3) 12.4(3.4–21.3) 0.215
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Variables Values as mean ± SD or no. of patients (%) P value

Surgical approach

Laparoscope

Open

690(50.8)

669(49.2)

658(51.1)

630(48.9)

32(45.1)

39(54.9)

0.324

Recurrence pattern

In 1359 patients,71 (5.2%) experienced recurrence, the median recurrence time was 24 months (IQR 14–43 months), 69%(69(n = 50) was diagnosed within
three years after CRC diagnosis, 899%(n = 63) within 5 years. The 5-year cumulative recurrence rate was 5.0%, and the 10-year recurrence rate was 6.6%.

For the recurrence patients, 63 (88.7%) with single metastases and 8 (11.3%) with multiple metastases. Lung is the most common site of metastasis (N = 32;
45.1%), followed by liver (N = 23; 32.4%), than local recurrence(N = 14; 19.7%). For the lung recurrence, the median recurrence time was 27 months (IQR 14–35
months), the 5-year cumulative recurrence rate was 1.6%, and the 10-year recurrence rate was 2.3%. For the liver recurrence, the median recurrence time was 23
months (IQR 7–37 months), the 5-year cumulative recurrence rate was 1.3%, and the 10-year recurrence rate was 1.8%; For the local recurrence, the median
recurrence time was 22 months (IQR 18–43 months), the 5-year cumulative recurrence rate was 1.0%, and the 10-year recurrence rate was 1.0%.

Using a log-rank testtest for RFS, we found that: compared to other primary sites, LR was more likely to have lung metastases; compared to RC and HR, LC and
LR were more likely to have liver metastases; rectal cancers were more likely to have a local recurrence than colon cancer (Fig. 2 ).

Factors Associated With RFS

Univariate analyses

From the univariate analysis, we found that old age, higher preoperative serum CEA concentration, higher preoperative serum CA19-9 concentration, higher
Preoperative NLR, tumor location, differentiation, T category and LVI were associated with low RFS rates(P < 0.05)(Table 2).
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Table 2
Cox regression analysis of recurrence-free survival in all study patients

Variables Univariate analysis Multivariate analysis

  P value P value HR(CI)

Age 0.005 0.011 1.029(1.007–1.052)

Sex

Male

Female

0.399    

NLR

>=2.5

2.5

0.004 0.004 2.087(1.263–3.448)

1

Prealbumin

< 0.25

>=0.25

0.099 0.142  

Albumin

< 35

>=35

0.176    

CEA

>=5

< 5

0.002 0.042 1.802(1.021–3.185)

1

CA19-9

>=37

< 37

0.001 0.003 3.717(1.560–8.850)

1

Tumor location

Right colon

Left colon

Middle-High rectal

Lower rectal

0.009 0.011 1

2.583(1.012–6.591)

1.147(0.457–2.876)

2.499(1.011–6.179)

Tumor size 0.558    

Differentiation

WD/MD

PD/MUC

0.009 0.103  

LVI

Positive

Negative

0.002 0.001 3.020(1.551–5.877)

1

T stage

T1

T2

0.006 0.150  

Retrieved LN 0.541    

Surgical approach

Laparoscope

Open

0.909    

Multivariate analyses

We used a cox regression model to assess the independent factors affecting RFS. Old age, higher preoperative serum CEA concentration, higher preoperative
serum CA19-9 concentration, high preoperative NLR, tumor location and LVI were the independent factors of tumor recurrence in the proportional hazards
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model analysis(P < 0.05). However, there was no statistically signi�cant difference relating to differentiation and T category (P > 0.05)(Table 2).

Nomogram Construction and Internal Validation

Based on stage I CRC patients’ risk factors, we developed a nomogram to predict 1-, 3-,5-, and 10-year recurrence(Fig. 3A). We added the eight risk factors item
by item to obtained total points on the nomogram. Then we got the ratio of 1-,3-, 5-, or 10-year RFS by drawing a vertical line from the “total points” axis to the
“recurrence-free probability” axis. In this nomogram, the increase of total points means the increase of recurrence. With a concordance index of 0.716, the
nomogram can accurately predict individual RFS.

Moreover, the calibration plot of the validation group showed good calibration(Fig. 3B). Furthermore, we strati�ed patients into 3 subgroups according to the
nomogram-predicted score and compared the RFS curves within each subgroup. As shown in Figs. 4 the prognoses were almost identical between the cohort
in each subgroup.

Discussion
Because of the national screening strategy and the popularity of endoscopy, more and more colorectal cancers are diagnosed early [4]. Due to its relatively low
recurrence rate, few studies try to characterize stage I CRC’s recurrence pattern after surgery. On the other hand, many nomograms designed to predict
colorectal cancer prognosis have been developed at an accelerated pace[14–17], possibly owing to their high utility in daily clinical practice. Inin this
retrospective study, we developed a nomogram for accurate prediction of recurrence in stage I colorectal cancer. With this nomogram, the postoperative
recurrence rate can be calculated quantitatively based on the patient’s clinicopathologic factors at the time of surgery. Thus, it isthus possible to identify
patients with a high risk of recurrence after surgery and conduct a more active surveillance program to detect the recurrence as early as possible.

Our study median time of recurrence was 26 months, which is longer than in previous studies[8, 18–23]. More rectal cancer may lead to more lung metastasis.
In general, the LR veins and lymphatics are drained to the common iliac vein and lymphatics, then to the systemic circulation, while the veins and lymphatics
of the colon and HR are drained to the mesenteric system and then to the portal system[24, 25]. Mesenteric lymphatic vessels and blood vessels are removed
during radical surgery but not in the iliac system[26]. Therefore, occult spreading to the iliac region may lead to the recurrence of LR cancer.

Furthermore, compared to upper rectal and colon cancer patients, we observed a higher lung metastases rate among lower rectal cancer patients [27, 28]. A
previous study exploring CRC patients who experienced curative resection illustrated that lung metastasis tends to have a more prolonged RFS than liver
metastasis (46 months vs 28months) [29]. This information should be considered in determining an optimal follow-up scheme.

In this study, six variables were found to be pivotal factors determining recurrence. In our study, older patients had shorter survival times than their younger
counterparts. The prognostic impact of age remains controversial; some studies found that younger age was a poor prognostic factor[30]. That’s may because
younger patients had more locally advanced and less favourable differentiation than older patients when cancer was diagnosed[31, 32]. When controlling for
other clinicopathologic characteristics, young patients had a superior prognosis[33].

Preoperative serum CEA and CA19-9 were found to correlate with recurrence after radical surgery of stage I colorectal cancer. CEA is a complex glycoprotein
used as an inter-cellular adhesion molecule[34]. Functioned as an adhesion molecule, CA19-9 is anticipated in tumor progression[35]. Our study �rstly reports
the predictive value of CA19-9 in stage I CRC. CA 19–9 has been widely used in diagnosing and prognosis of pancreatic cancer, gastric cancer, and other
gastrointestinal tumors [36–38]. However,, the function of CA 19–9 in CRC remains controversial due to its relatively low sensitivity [39]. The presence of CA
19–9 correlates with tumor cell-induced platelet aggregation, which is involved in the distant metastasis of CRC[40].

In stage I tumors undergoing curative operations, NLR as a predictor of recurrence, thus may be a novel biomarker for tailored therapy. One meta-analysis of
66 articles recently indicated that high preoperative NLR values negatively impact cancer patients’ RFS [41]. Some studies focused on the relationship between
early-stage colon cancers and NLR prognosis, but none of these studies included patients with stage I patients alone[42–44].

The primary tumor site is also an independent risk factor for recurrence of stage I colorectal cancer after surgery. The poorer prognosis observed in LR patients
may be determined by physiological anatomy. Generally speaking, the LR veins and lymphatics are drained to the common iliac vein and lymphatics, then to
the systemic circulation, while the veins and lymphatics of the colon and HR are drained to the mesenteric system and then to the portal system[24, 25].
Mesenteric lymphatic vessels and blood vessels are removed during radical surgery but not in the iliac system[26]. Therefore, occult spreading to the iliac
region may lead to the recurrence of LR cancer. Furthermore, compared to upper rectal and colon cancer patients, we observed a higher lung metastases rate
among lower rectal cancer patients [27, 28]. This information should be considered in determining an optimal follow-up scheme.

Our results indicate that lymphovascular permeation has been linked with poor prognosis. Lymphovascular invasion can occur intramurally within the
colorectal wall itself or in the surrounding tissue. Iinuma et al.[45] found venous invasions signi�cantly correlated with the presence of isolated tumor cells in
blood samples. Furthermore, another study reported that detecting circulating tumor cells in the peripheral blood helped determine the patients at high risk for
recurrence[46].

In this study, we developed a nomogram based on clinical-pathological factors and serological indicators. By using it, we calculated the postoperative
recurrence rate based on clinicopathologic factors. This nomogram also could identify patients at high risk of recurrence after surgery and conduct a
supervision program to detect the recurrence early. Removing metastases and good treating could free prolonged disease survival for patients whose
recurrence was found early.
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There are several limitations of this study. Firstly, it’s a retrospective study without external validation. Secondly, a few patients were excluded due to
incomplete data. Thirdly, results of PNI, IHC staining of p53 and MMR gene status were not evaluated for the entire study period because they were not
regularly determined before 2012, so we can’t directly compare our �ndings with molecular research.

In conclusion, more than one in every twenty people may experience recurrence within ten years after radical surgery. We developed a simple and accurate
nomogram that predicts the recurrence of stage I CRC. This nomogram may help physicians identify high-risk patients who need more active surveillance and
ensure e�cient disease management.
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Figures

Figure 1

Flow chart of all patients included in the study
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Figure 2

Recurrence-free survival (RFS) of patients with stage I CRC as a function of a tumor location, b lung metastases,c liver metastases.RC right colon cancer,LC
left colon cancer,HR middle-high rectal cancer,LR lower rectal cancer

Figure 3
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Predictive Nomogram for Recurrence in Stage I Colorectal Cancer. A Nomogram for Prediction of Recurrence. B Calibration Plot for Nomogram Prediction:
Ideal Nomogram (Dashed Line) and Current Nomogram (Solid Line). Vertical Bars Indicate 95% Con�dence Intervals Based on Bootstrap Analysis

Figure 4

RFS curves strati�ed by the score calculated by the nomogram and was strati�ed according to the risk score as follows: <90, low risk; 100–130, intermediate
risk; and >130, high risk.


