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Abstract
The postoperative survival of patients with stage III colorectal cancer (CRC) various obviously. We sought to develop novel
nomograms for predicting the survival of these patients after radical surgery and postoperative chemotherapy.
A total of 620 consecutive patients with stage III CRC who underwent curative resection and postoperative chemotherapy

between January 2009 and December 2015 were retrospectively collected and randomly allocated to the training (n=372) or
validation cohort (n=248). Clinicopathological factors were collected and analyzed. On the basis of data from 372 patients in the
training set, predictive factors for overall survival (OS) and disease-free survival (DFS) were identified usingmultivariate Cox regression
and used to construct nomograms. The predictive performance of the nomograms was assessed by concordance index (C-index)
and calibration plots. An external cohort of 248 patients was used to validate the nomograms. Furthermore, nomogram performance
was compared with the performance of T and N stage stratification.
Tumor differentiation grade, lymph nodemetastasis ratio, intravascular emboli (IVE), preoperative serum carcinoembryonic antigen

(CEA) level, albumin to globulin ratio (AGR), T stage and N stage were significant prognostic factors for OS on multivariate analysis;
whereas, Tumor differentiation grade, lymph node metastasis ratio, IVE, AGR and N stage were significant for DFS. Nomograms to
predict 3- and 5-year OS andDFSwere established that performedwell (C-indexes of 0.734 [95%CI, 0.691–0.779] for OS and 0.699
[95% CI, 0.657–0.740] for DFS prediction), and nomogram accuracy was confirmed in the validation cohort. Furthermore, model
comparison proved that the nomograms were superior to risk stratification by T and N stage for stage III CRC.
We propose 2 practical nomograms for stage III CRC patients that provide more accurate prognostic predictions and should be

helpful for guiding individualized treatment and postoperative surveillance.

Abbreviations: AGR = albumin to globulin ratio, CEA = carcinoembryonic antigen, CI = confidence interval, CRC = colorectal
cancer, DFS = disease-free survival, HR = hazard ratio, IVE = intravascular emboli, LMR = lymphocyte to monocyte ratio, LNR =
metastatic lymph node ratio, NLR = neutrophil to lymphocyte ratio, OS = overall survival, PLR = platelet to lymphocyte ratio.
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1. Introduction

Colorectal cancer (CRC) is the third most common cancer and the
fourth leading cause of cancer-related mortality worldwide.[1] In
China, there were an estimated 376,300 newly diagnosed cases and
191,000 deaths in 2015.[2] Stage III CRC patients make up a
considerable proportion of cases, accounting for one-third of all
CRC patients.[3] Even with curative surgery and adjuvant chemo-
therapy, the overall prognosis for Stage III CRC remains unsatisfac-
tory, with a 5-year survival rate of only approximately 60%.[4]

Currently, pathological stage based on the Union for
International Cancer Control TNM system is used for prognostic
prediction, but survival outcomes differ widely within the same
stage, especially in stage II and III CRC cases.[5] Unlike for stage
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II, there are few acknowledged risk factors for stage III CRC. The
latest National Comprehensive Cancer Network (NCCN)
guidelines recommended stratifying recurrence risk in stage III
disease according to the T and N stages, and patients with stage
T4 or N2 are considered to be at high risk.[6] However, other
factors such as tumor location, differentiation grade (G),
intravascular emboli (IVE), and serum carcinoembryonic antigen
(CEA) level, were also reported to be related to CRC patient
outcome.[7–10] Moreover, the role of the systemic inflammatory
response in cancer progression has been increasingly recognized,
and host inflammatory indices such as neutrophil to lymphocyte
ratio (NLR), lymphocyte to monocyte ratio (LMR), platelet to
lymphocyte ratio (PLR) and albumin to globulin ratio (AGR)
have been reported to be associated with cancer prognosis.[11–13]

However, the prognostic significance of many above factors in
CRC remains controversial,[14–16] and few studies have compre-
hensively evaluated their prognostic value in stage III CRC.
A nomogram is a statistic model that combines and quantifies all

provenprognostic factorsusingasimplegraphical representation.[17]

Several nomograms for CRC prognosis have been established in
recent years, but none specifically for stage III disease. Therefore, we
established novel nomograms integrating tumor and host factors to
predict the risk of recurrence andmortality of stage III CRCpatients
who received radical resection and postoperative chemotherapy.

2. Materials and methods

2.1. General patient information

This retrospective study enrolled 620 pathologically confirmed
stage IIICRCpatientswho received radical surgery and subsequent
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Table 1

Patients’ clinicopathological data for categorical variables.

Training cohort (n=372) Validation cohort (n=248)

Variable n % n % P

Gender .387
Male 212 57.0 150 60.5
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adjuvant chemotherapy between January 2009 and December
2015 in Xiangya Hospital, Central South University, China. The
chemotherapy regimens included FOLFOX4, CapeOX, FOLFIRI,
and mFOLFOX6. Ethical approval was obtained from the Ethical
Committee and Institutional Review Board of Xiangya Hospital.
The exclusion criteria were as follows:
Female 160 43.0 98 39.5
Primary location .132
(1)
(2)
preoperative anticancer therapy;
history of malignancy;
Right 124 33.3 66 26.6
(3)
 synchronous multiple primary tumors;

Left 112 30.0 74 29.8
(4)
 absence of postoperative adjuvant chemotherapy;

Rectum 136 36.6 108 43.5
(5)
 surgery not reaching R0 excision or with yields of less than 12
Grading .495

I + II 308 82.8 200 80.6
lymph nodes;
patients with chronic inflammatory diseases, serious liver
III 64 17.2 48 19.4

(6)
Intestinal obstruction .352

diseases, and/or acute infections;
incomplete follow-up data or unknown outcome.
Yes 50 13.4 40 16.0
No 322 86.6 208 84.0
(7)
IVE .621
Yes 160 43.0 112 45.2
No 212 57.0 136 54.8

CEA (ng/mL) .353
≥5.0 107 28.8 80 32.3
<5.0 265 71.2 168 67.7

CA 19–9 (KU/L) .512
≥35.0 61 16.4 45 18.1
<35.0 311 83.6 203 81.9

T stage .860
T1+T2 33 8.9 19 7.7
T3 195 52.4 133 53.6
T4 144 38.7 96 38.7

N stage .275
N1 216 58.1 133 53.6
N2 156 41.9 115 46.4

Right= from cecum to splenic flexure, Left= from splenic flexure to rectal,.
G=differentiate grade, I=Well differentiated, II=moderately differentiated, III=poorly differentiated,
IVE= intravascular emboli, CEA= carcinoembryonic antigen.

Table 2

Patients’ clinicopathological data for continuous variables.

Training cohort Validation cohort

Variable Mean 95% CI Mean 95% CI P

Age (years) 56.45 55.21–57.69 55.02 53.48–56.56 .511
LNR 0.32 0.30–0.35 0.31 0.28–0.35 .174
Diameter (cm) 4.36 4.20–4.51 4.45 4.27–4.64 .978
NLR 3.90 2.89–4.91 3.86 2.94–4.78 .575
LMR 3.83 3.59–4.08 3.81 3.51–4.11 .280
PLR 183.20 163.34–203.06 182.11 164.92–199.30 .089
AGR 1.53 1.50–1.56 1.55 1.52–1.59 .188

AGR=albumin to globulin ratio, LMR= lymphocyte to monocyte ratio, LNR=metastatic lymph node
ratio, NLR=neutrophil to lymphocyte ratio, PLR=platelet to lymphocyte ratio.
The variables collected and evaluated were as follows: gender,
age, tumor location, maximal tumor diameter, G, T stage, N
stage, metastatic lymph node ratio (LNR), NLR, LMR, PLR,
AGR, preoperative serum CEA, and CA 19–9 levels, and the
presence of intestinal obstruction and IVE. Furthermore, we
restaged all patients according to the 8th edition TNM staging
system. Patients were followed up regularly according to NCCN
guidelines: every 3 months within 2 years after surgery, every 6
months in years 3 to 5, and annually thereafter. The median
follow-up time was 40 months. The end points included overall
survival (OS) and disease-free survival (DFS). OS was defined as
the time from surgery to death, regardless of the cause; whereas,
DFS was the time from surgery to the first recurrence or death.

2.2. Survival analysis and nomograms

Statistical analysis was implemented with GraphPad Prism 6.0
(GraphPad Software, La Jolla, CA) and R 3.1.2 software (Institute
for Statistics and Mathematics, Vienna, Austria). Using the
“survival” package in R, univariate Cox regression analyses were
conducted to screen for variables significantly related to prognosis;
these prognostic variables for OS and DFS were then enrolled in
multivariate analyses using the Cox proportional hazards model.
Forest diagrams based on regression models were plotted by using
the “forest model” in R. Survival curves based on T and N staging
were calculated using the Kaplan–Meier method and the log-rank
test. P<.05 was set as the level of statistical significance. All
confidence intervals (CIs) are stated at the 95% confidence level.
Nomograms integrating independent prognostic factors for OS

(G, LNR, IVE, CEA, AGR, and T) and DFS (LNR, IVE, AGR,
and G) were created by using nomogram function of “rms”
package in R software, and the prediction performance was
assessed using Harrell’s concordance index (c-index), a main
measure of discrimination.[18] The forest diagrams of the c-
indexes of different variables or nomogram models were plotted
by using the forest plot package in R. The maximum value of c-
index is 1.0, which indicates perfect discrimination; whereas, 0.5
indicates only random chance in distinguishing the outcome.
Besides the c-index evaluation, each model was also evaluated
with calibration plots in which the predicted outcomes versus the
actual observed outcomes are graphically depicted.

3. Results

3.1. Baseline patient characteristics

The 620 patients who met the inclusion criteria were randomly
allocated to either the training cohort (n=372) or the validation
2

cohort (n=248). The demographics and clinical characteristics of
both cohorts are reported in Tables 1 and 2.

3.2. Nomogram development

We performed univariate and multivariate analyses to screen for
independent prognostic factors to use to build the nomograms. In
univariate analyses, 10 variables were found to be related to OS
(P<.05 for all; Table 3), and 6 variables were related to DFS
(P<.05 for all; Table 3). Then, the variables identified as
significant were used to perform multivariate analysis. Six
variables were significantly related toOS, includingG, LNR, IVE,



Table 3

Univariate survival analyses of OS and DFS in the training set.

OS DFS

Variable HR 95% CI P value HR 95% CI P value

Gender 0.865 0.617–1.212 .399 0.970 0.710–1.324 .847
Age 1.012 0.999–1.027 .104 1.005 0.992–1.019 .443
Location1 1.112 0.906–1.364 .310 1.192 0.985–1.443 .070
G2 1.652 1.108–2.464 .014 1.592 1.099–2.308 .014
LNR 6.143 3.481–10.839 <.001 4.272 2.456–7.432 <.001
Diameter 1.062 0.976–1.156 .164 1.029 0.943–1.121 .522
T stage3 2.261 1.682–3.040 <.001 1.683 1.294–2.191 <.001
N stage4 2.936 2.084–4.136 <.001 2.181 1.599–2.976 <.001
Obstruction5 1.547 1.003–2.385 .048 1.318 0.860–2.020 .205
IVE6 2.904 2.072–4.072 <.001 2.704 1.980–3.695 <.001
CEA 1.502 1.061–2.127 .022 1.258 0.903–1.752 .176
CA 19–9 1.545 1.026–2.328 .037 1.383 0.930–2.056 .110
NLR 1.001 1.000–1.002 .036 1.001 1.000–1.002 .051
LMR 0.949 0.870–1.035 .239 0.996 0.892–1.046 .395
PLR 1.050 0.946–1.166 .357 1.190 0.930–1.530 .160
AGR 0.486 0.268–0.880 .017 0.487 0.281–0.845 .010

Note: “1” presents left colon cancer versus right colon and rectal cancer; “2” presents G1+G2 versus G3+G4; “3” presents T1+T2+T3 versus T4; “4” presents N1 versus N2; “5” and “6” presents Yes versus
No.
I=well differentiated, II=moderately differentiated, III=poorly differentiated, AGR= albumin to globulin ratio, CEA= carcinoembryonic antigen, G=differentiate grade, IVE= intravascular emboli, LMR=
lymphocyte to monocyte ratio, LNR=metastatic lymph node ratio, NLR=neutrophil to lymphocyte ratio, PLR=platelet to lymphocyte ratio.
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CEA, AGR, and T stage (P<.05 for all; Fig. 1); and 4 variables
were associated with both 3- and 5- year DFS, including G, LNR,
IVE, AGR (P<.05 for all; Fig. 1).
Nomograms incorporating the respective independent prog-

nostic factors of OS and DFS were established (Fig. 2). In the
training set, nomograms displayed good accuracy in predicting
OS and DFS, with C-indexes of 0.734 (95%CI 0.691–0.779) and
0.699 (95% CI 0.657–0.740), respectively. The calibration
curves showed good coherence between the observed and
nomogram-predicted OS and DFS at different time points in
the training cohort (Fig. 3).

3.3. Nomogram validation

To further test predictive performance, nomograms were applied
to an independent validation set. The C-indexes of the nomo-
grams reached 0.714 (95% CI 0.664–0.764) and 0.709 (95% CI
0.662–0.756) in predicting OS and DFS, respectively. Moreover,
Figure 1. Multivariate analysis of the training set. Forest plots show multivariate su
survival.

3

the calibration plots showed good agreement between the
observed and nomogram-predicted OS and DFS at different
time points in the validation cohort (Fig. 4).
The latest NCCN guideline for CRC recommended that T and

N staging be used for risk stratification for Stage III CRC. Our
study reproduced the stratification ability of T and N staging in
OS (T1+T2 vs T3 vs T4, mean [95%CI], 88.31 [86.73–89.88] vs
72.25 [69.31–75.19] vs 59.19 [54.05–64.34], P <.001; N1 vs
N2, mean [95% CI], 77.70 [75.55–79.85] vs 56.82 [51.27–
62.37], P <.001; Figure 5A and 5B) and DFS (T1+T2 vs T3 vs
T4, mean [95% CI], 82.65 [79.08–86.22] vs 67.74 [64.91–
70.58] vs 54.97 [50.42–59.53], P <.001; N1 vs N2, mean [95%
CI], 72.84 [70.39–75.28] vs 52.07 [47.54–56.60], P <.001;
Fig. 5C and 5D). Then, we compared the predictive performance
of the nomograms with that of using T and N staging. To our
surprise, the nomograms exhibited higher accuracy in predicting
OS (0.734; 95% CI, 0.691–0.779) and DFS (0.699; 95% CI,
0.657–0.740) than T and N stages (P<.01; Fig. 5).
rvival analyses of OS (A) and DFS (B). DFS=disease-free survival, OS=overall

http://www.md-journal.com


[19]

Figure 2. Stage III and IV colorectal cancer survival nomogram. Nomograms for predicting OS (A) and DFS (B) based on the training set. Each variable corresponds
to a point on’ the scale. According to the sum of these points projected on the bottom scales, the nomogram can provide the probabilities of 3- and 5-year OS and
DFS for an individual patient. DFS=disease-free survival, OS=overall survival.
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4. Discussion
Despite routine treatment with radical surgery and adjuvant
chemotherapy, survival outcome remains heterogenous and
unsatisfactory in Stage III CRC. It is reported that more than
one-third of patients with this stage will develop recurrence or
Figure 3. The internal calibration curve for predicting patient survival. Internal calibr
D). The 45-degree line represents an ideal match between the actual survival (Y-axis
confidence intervals. DFS=disease-free survival, OS=overall survival.

4

metastasis within 5 years of systematic therapy. Therefore,
an accurate risk evaluation is imperative to guide postoperative
treatment and recurrence surveillance. Here, we report the
development of 2 predictive nomograms of recurrence and
survival for Stage III CRC that demonstrated predictive
ation nomogram for 3-year and 5-year OS (A, B) and 3-year and 5-year DFS (C,
) and nomogram-predicted survival (X-axis). The perpendicular line means 95%



Figure 5. Kaplan–Meier curve analysis of prognostic stratification and predictive capability comparison. Prognostic classification of OS and DFS using the T staging
(P<.001) (A and B); Prognostic stratification of OS and DFS using the N staging (P<.001) (C and D); Comparing the performance of model with T or N staging in
predicting OS (E); Comparing the performance of model with T or N staging in predicting DFS (F). DFS=disease-free survival, OS=overall survival.

Figure 4. The external calibration curve for predicting patient survival. External calibration nomogram for 3-year and 5-year OS (A, B) and 3-year and 5-year DFS (C,
D). The 45-degree line represents an ideal match between the actual survival (Y-axis) and nomogram-predicted survival (X-axis). The perpendicular line means 95%
confidence intervals. DFS=disease-free survival, OS=overall survival.
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accuracy and reliability in both the training and validation
cohorts.
For the consideration of accuracy and practicability, wemainly

considered variables that were objective and easily obtained in
clinical practice for analysis. Six factors were finally integrated
into the predictive nomograms for OS including the tumor
differentiation grade, LNR, IVE, AGR, T stage, and preoperative
serum CEA level; the former 4 factors were also enrolled into the
nomogram for DFS. Poor differentiation, IVE, and T4 have
acknowledged risk factors of recurrence in stage II CRC for many
years[20] and were reproduced in the present study. Of special
interest is that IVE, which was defined as a mass of tumor cells in
blood vessels, was proven to be an adverse prognostic factor in
our previous research.[9] Local tumor invasion can be dissected
by radical surgery, but the circulating tumor cells are difficult to
eliminate fully. This may explain the actuality that although
postoperative local recurrence is significantly reduced, distant
metastasis remains common and is the main cause of mortality in
CRC. Besides, circulating tumor cells harbor a distinct stem cell
phenotype and chemotherapy resistance patterns, with strong
proliferative and metastatic potentials.[21] Thus, it is reasonable
that IVE exhibited a high hazard ratio (HR) in OS and DFS, even
exceeding the T stage. Lymph node involvement is the main
feature of stage III CRC, and the N stage, as well as LNR, have
been found to be reliable indicators of CRC patient prognosis.[22–
24] We enrolled LNR into subsequent multivariable analysis and
the nomograms because it achieved a higher HR in univariate
analysis than did N stage; moreover, as a continuous variable,
LNR use helps prevent the additional loss of information and
improves predictive accuracy to some extent. [25] Because an
insufficient lymph node harvest may exaggerate the LNR and,
consequently, influence the predictive accuracy, we excluded
cases with yields of less than 12 lymph nodes in the present study.
Recent reports have revealed that cancer progression and

prognosis is determined not only by tumor factors but also by the
host inflammatory response.[26,27] We analyzed the relationship
between preoperative serum inflammatory indexes and the
prognosis of stage III CRC. Our study demonstrates that only
AGR is an independent prognostic factor of stage III CRC, with
low AGR being associated with shorter OS and DFS. The exact
mechanism for this has not been fully elucidated. Although serum
albumin level reflects the nutritional status, it also decreases with
systematic inflammation.[28] Meanwhile, albumin is crucial for
drugdelivery in chemotherapyand influences the therapy effect.[29]

Serum globulin includes acute-phase proteins, such as C-reactive
protein, serum amyloid A, complement C3, fibrinogen, and
ceruloplasmin, which reflect the status of continuous systemic
inflammation.[30] Chronic inflammation plays an important role in
tumor growth, progression, metastasis, and immunosuppres-
sion.[31] To control for the effects of body dehydration and fluid
retention, we calculated the ratio of albumin to globulin and
demonstrated that AGR is a significant prognostic factor,
consistent with prior reports.[30,32,33] However, NLR, LMR,
and PLR did not show significance in multivariable analysis. The
exact reasons for this are unclear, but it may be that, although
reported to be predictive of prognosis in some studies,[12,13,34]

other studies do not support their use as independent predictive
factors.[15,16] Furthermore, we concentrated on stage III CRC.
Moreover, as nonspecific indexes, NLR, LMR, and PLR may be
easily affected by other factors such as infections, inflammation,
and medications.[35] Although enrolled patients were strictly
screened, it is difficult to exclude all the atypical and mild cases of
such conditions in a retrospective study.
6

Although many nomograms have been constructed to predict
prognosis for patients with CRC, their predictive performance
was different. Kim et al[36] developed a nomogram to predict
postoperative recurrence with Stage I CRC that had a c-index of
0.71; Nobuaki et al[37] constructed a nomogram for predicting
recurrence with stage II CRC with a C-index of 0.64. In the
present study, we developed 2 nomograms for patients with stage
III CRC that exhibited moderate performance with a C-index of
0.734 for OS and 0.699 for DFS. Moreover, the accuracy of
nomogram was demonstrated through external validation.
The latest NCCN guideline for CRC recommends stratification

of Stage III CRC into high- and low-risk groups according to T
and N stages, and that the adjuvant chemotherapy course be
shortened from 6 to 3months for low-risk patients.[38] Hence, we
compared the performance of nomogram stratification with
TNM system stratification. Although stratification using T andN
staging performed well in the study, nomogram stratification
displayed higher accuracy, with a C-index for OS prediction of
0.734 (95% CI, 0.691–0.779) and for DFS of 0.699 (95% CI,
0.657–0.740). These results are somewhat surprising but
reasonable because the nomograms enrolled more robust
variables, and many of them have been previously demonstrated
to be independent prognostic factors in CRC patients.
Althoughwe successfully developed and validated nomograms to

predict theOSandDFSof stage IIICRCpatientsafter radical surgery
and postoperative chemotherapy, our study does have several
limitations. First, it is retrospective in design and includes a limited
cohort size from a single institution, so selection bias may be
underestimated. Besides, we did not use completely outside data sets
from other hospitals but used our data for an external validation.
However,wehave620stage IIICRCcases andweconducted strictly
randomized grouping to allocate it into 2 sets. Sowe believe it can be
regarded as an external validation to some extent [39]. Second, to
ensure the completenessof thedata,wecollected cases in recent years
with a relatively short follow-up duration. Moreover, many other
important prognostic predictors, such as C-reactive protein,[40] cell-
freeDNA,[41] circulating tumor cells,[42]microsatellite status,[43] and
RAS/RAF mutations[44] were not routinely tested in past years,
which may discount nomogram accuracy.

5. Conclusion

We developed simple and accurate nomograms for predicting
prognosis of stage III CRC after curative resection. These
nomograms will help physicians perform risk stratification and
perform individualized treatment and postoperative surveillance
in patients with stage III CRC.
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