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1 Introduction
Colorectal cancer is one common cancer worldwide 

(Yiu  &  Yiu, 2016).There was increasing trend with living 
standard improvement and lifestyle changes (Zhou et al., 2017). 
The prognosis of colorectal cancer is dependent on various 
factors. The Established prognostic factors include tumor 
grad, venous or lymphatic invasion (Zlobec & Lugli, 2008; 
Allegra et al., 2009). These prognosis tools are very useful in 
clinical management.

Malnutrition is a significant public health problem worldwide. 
Studies showed that up to 50% of adults admitted to hospital 
suffered from malnutrition. Malnutrition is associated with 
decreased immune system function, impaired respiratory 
function and poor wound healing (Cheng  et  al.,  2017). 
Malnutrition also affects prognosis in many groups of patients 
(Lukaski et al., 2017).

The prognostic nutritional index (PNI) is calculated from the 
serum albumin concentration and total lymphocyte count, which is 
a simple and objective indicator malnutrition (Cheng et al., 2017). 
The PNI was firstly employed to evaluate the nutritional status 
of surgical patients (Onodera et al., 1984). Subsequent studies 
suggest that PNI is also a potential prognostic factor for some 
cancers (Sun et al., 2014; Chan et al., 2015; Kanda et al., 2011; 
Fu et al., 2016; Jeon et al., 2016; Migita et al., 2013). However, 

it is still not clear whether the PNI is related to the prognosis 
of colorectal cancer.

In the present study, we controlled other confounders and 
assess the possibility of PNI at baseline as prognostic value of 
colorectal cancer deaths.

2 Materials and methods

2.1 Participants

In this study, we non-selectively and consecutively collected 
412 patients with stage II-III colorectal cancer from the authors’ 
affiliation from January 2013 to April 2018. The study was 
approved by the Ethics Committee of the authors’ affiliation. 
The diagonosis and staging criteria are based on the American 
Cancer Society’s seventh edition of the colorectal cancer TNM 
staging system.

Inclusion criteria included radical resection of colorectal cancer 
(R0 resection), postoperative adjuvant therapy an staged stage 
II-III colorectal cancer according to postoperative pathological 
diagnosis report. Exclusion criteria included preoperative 
neoadjuvant radiotherapy and chemotherapy, combination 
with other malignant tumors, severe complications and deaths 
during perioperative period.
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2.2 The collection of clinical informations

The clinical informations were reviewed, including surgery 
or radiotherapy and chemotherapy, chest and abdomen CT, 
colorectaloscopy from the hospital’s electronic medical record 
system. The survival data were from patient medical follow-up 
records and telephone follow-up. The follow up was carried out 
every three months. No follow-up records and follow-up time 
less than 6  months were also excluded. Chest and abdomen 
CT, colorectaloscopy, tumor markers, blood routine, blood 
biochemistry and patient symptoms and signs were recorded 
in follow up.

2.3 Analysis of PNI and other covariates

We collected parameters for calculating PNI at baseline. Based 
on the results, the formula (Nozoe et al., 2012) was calculated as 
PNI=serum albumin value (g/L)+5×total number of peripheral 
blood lymphocytes (x109/L).

Other covariates related to death of PNI and colorectal cancer 
patients were also analyzed, including age, platelet count, tumor 
markers (CEA, CA199, CA724, CA242).Categorical variables: 

gender, survival status, tumor location, histological type, degree 
of differentiation, TNM staging, and postoperative treatment 
(Chang  et  al.,  2013; Yang  et  al.,  2016; Akgül  et  al.,  2017; 
Zhao et al., 2018; Peng et al., 2017; Mohri et al., 2013).

2.4 Statistical analyses

Differences in the distribution of baseline characteristics 
between different PNI groups (TERTILE) were examined using 
χ2(categorical variables), one-way ANOVA (normal distribution) 
or Kruskal-Wallis H (skew distribution).The categorical variables 
are expressed in terms of frequency or percentage, and the 
continuous variables are expressed as mean±standard deviation 
(normal distribution) or median (skewed distribution).We used 
univariate and multivariate Cox regression models to analyze 
the relationship between exposure factors and outcomes in 
colorectal cancer patients. Based on the recommendations of 
the STROBE statement (Vandenbroucke et al., 2014), we built 
three models: no covariates were adjusted, micro-adjusted 
models (adjusted age, gender only) and all covariates presented 
in Table 1. To address nonlinearity, The cubic spline function is 
applied to the model (R rms package) for curve fitting. The cubic 

Table 1. The correlation between PNI status and various of clinicopathological factors.

Low-PNI group Middle-PNI group High-PNI group P*-value P*-value
N 132 134 134
Age (years) 56.94 (12.60) 55.22 (11.89) 51.53 (13.38) 0.002 0.005
PLT 249.02 (108.87) 233.20 (85.68) 240.43 (85.81) 0.390 0.609
CA199 10.96 (0.01- 700.00) 10.54 (0.32-9028.00) 11.72 (0.00- 700.00) 0.572 0.611
CA72-4 2.10 (0.47- 52.76) 2.19 (0.53-300.00) 2.17 (0.44-300.00) 0.536 0.902
CA242 4.94 (0.58-310.51) 4.86 (0.01-129.73) 5.15 (0.10-300.00) 0.095 0.860
CEA 1.75 (0.01-101.52) 1.98 (0.00- 83.93) 1.83 (0.01-100.00) 0.507 0.915
Follow-up time 881.00(91.00-2252.00) 852.00(121.00-2557.00) 988.50(152.00-2221.00) 0.184 0.191
Sex 0.918 -
Male 82 (62.12%) 80 (59.70%) 81 (60.45%)
Female 50 (37.88%) 54 (40.30%) 53 (39.55%)
Living state 0.037 -
Survive 112 (86.61%) 128 (95.38%) 124 (92.42%)
Death 18 (13.39%) 7 (4.62%) 11 (7.58%)
Tumor location 0.166 -
Rectum 73 (55.30%) 84 (62.69%) 89 (66.42%)
Colon 59 (44.70%) 50 (37.31%) 45 (33.58%)
Histological type 0.271 0.140
Adenocarcinoma 119 (90.15%) 128 (95.52%) 120 (90.23%)
Mucinous adenocarcinoma 13 (9.09%) 6 (3.73%) 14 (9.77%)
TNM stage 0.001 -
II 53 (40.15%) 79 (58.96%) 52 (38.81%)
III 79 (59.85%) 55 (41.04%) 82 (61.19%)
Postoperative treatment 0.295 -
Radical resection only 12 (8.73%) 18 (11.28%) 11 (7.69%)
Postoperative concurrent chemoradiotherapy 
and adjuvant chemotherapy 117 (64.29%) 120(70.68%) 122(73.85%)

Differentiation 0.974 -
Well/moderate 114 (88.89%) 118 (87.97%) 117 (88.46%)
Poor 16 (11.11%) 18 (12.03%) 17(11.54%)
P* indicated Nonparametric test. Based on the purpose of sensitivity analysis, we present the results of both parametric and nonparametric tests for continuous variables.The results 
are all robustness.
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spline function can study the nonlinear effects of continuous 
covariates and flexibly evaluate the interactions between covariates 
(Heinzl & Kaider, 1997). In the case of non-linear correlation, 
we first calculated inflection using recursive algorithm, and 
then performed a two-part Cox regression model to establish 
regression equations at both ends of the inflection point to 
calculate the saturation-threshold effect of PNI on survival. 
We choose the  best-fit model (two-piecewise cox model vs 
standard cox model) according to P for log likelihood ratio test 
(Liu et al., 2013). We also did the following to see if the result 
is robustness. We handle PNI as categorical variables (tertile, 
low, middle, high) and calculate P for trend to see if the result is 
consistent with the PNI as a continuous variable. Statistical software 
package R (http://www.R-project.org, The R Foundation) and 
EmpowerStats (http://www.empowerstats.com, X&Y Solutions, 
Inc, Boston, MA) were employed to analyze the results.

3 Results

3.1 Patients’ characteristics

412 patients with stage II-III colorectal cancer were enrolled 
to this study. 2 patients received preoperative neoadjuvant 
chemoradiation and were excluded from the study. 10 patients 
were excluded due to no follow-up or less than 6 month follow 
up. The data from 400 patients were further analyzed (Figure 1).

3.2 Association between PNI and survival

The median follow-up time was 30 months, the shortest 
follow-up time was 6 months, and the longest follow-up time 
was 82  months. The median survival time was 32  months. 
Survival  curves were constructed by Kaplan-Meier method. 
There was no significant difference in the cumulative overall 
survival rate between the PNI high-value group and the median 
group. However, both were significantly higher than the PNI 
low-value group (P=0.028) (Figure 2).

3.3 Comparison of other covariates for different PNI level in 
colorectal cancer patients

For the 400 patients, 154 cases received colon cancer radical 
resection and 246 cases received rectal cancer radical resection. 
Postoperative pathology showed that 184 cases were at stage II and 
216 cases were at stage III. After converting exposure variables (PNI 
values for 400 patients) from continuous variables to categorical 
variables, the samples were divided into three groups according to 
PNI value: low value group, median group and high value group. 
There were 132 patients in the PNI low-value group, 134 patients in 
the PNI median group and 134 patients in the PNI high-value group. 
The preoperative PNI was 49.05 ± 5.51 (a minimum of 26.95 and 
a maximum of 68.2). Other covariates, such as age, platelet count, 
CA199, CA724, CA242, CEA, follow-up time, gender, survival 
status, tumor location, histological type, differentiation degree, TNM 
staging, postoperative treatment and differentiation degree Features 
were also grouped and compared for differences in PNI values 
(Table 1). The results showed that platelet count, tumor markers 
CA199,CA724,CA242,CEA,follow-up time, gender, tumor location, 
histological type, degree of differentiation and postoperative treatment 
were not different among the different PNI values. Age, tumor stage 
and patient survival were different among the different PNI groups. 
The age (P=0.002, P=0.005) was decreased with the increase of the 
age. The survival status (P=0.037) and TNM stage II (P = 0.001) 
was the highest in the median PNI group.

3.4 Univariate analysis of the related factors associated with 
overall survival time in colorectal cancer

The Cox regression univariate analysis model was used to 
analyzed the tumor prognosis marker. CA242 (HR, 1.01; 95% 
CI 1.00-1.01; P=0.0030), CEA (HR, 1.02; 95% CI 1.01-1.03; 
P=0.0042), stage III (HR, 4.73; 95% CI 1.83-12.27; P=0.0014) 
were risk factors for death in colorectal cancer patients. Gender, 
age, platelet count, CA199, CA72-4, PNI value, tumor location, 
histological type, postoperative treatment, and degree of 
differentiation were not significantly associated with overall 
survival in patients with colorectal cancer (Table 2).

Figure 1. Study enrollment flow chart.
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3.5 The results of unadjusted and adjusted models

Cox regression models were used to analyze whether different 
PNI values were associated with prognosis. The unadjusted and 
adjusted models were shown in Table 3. PNI values were found 

in the unadjusted model (HR=0.94, 95% confidence interval(CI): 
0.89-1.00, p=0.061). There was no significant change in HR 
trends (HR=0.95, 95%CI:0.89-1.01, p=0.078) in the minimally-
adjusted model compared to the unadjusted model. In a fully 

Figure 2. Total survival time curve of patients with colorectal cancer.

Table 2. Univariate analysis of the overall survival time of patients with colorectal cancer.

Ststistics HR 95% CI (lower, upper) p values
Sex
Male 243 (60.66%) 1.0
Female 157 (39.34%) 1.31 (0.66, 2.60) 0.4415
Age (years) 54.58+12.86 1.01 (0.98, 1.04) 0.5424
PLT 240.34+93.85 1.00 (1.00, 1.00) 0.9607
CA199 49.53+462.26 1.00 (1.00, 1.00) 0.9119
CA72-4 9.02+34.15 1.01 (1.00, 1.01) 0.0993
CA242 15.37+39.81 1.01 (1.00, 1.01) 0.0030
CEA 6.19+14.62 1.02 (1.01, 1.03) 0.0042
PNI value 49.05+5.51 0.94 (0.89, 1.00) 0.0607
Tumor location
Rectum 246 (62.03%) 1.0
Colon 154 (37.97%) 0.67 (0.31, 1.45) 0.3098
Histological type
Adenocarcinoma 367 (92.11%) 1.0
Mucinous adenocarcinoma 33 (7.38%) 1.53 (0.54, 4.34) 0.4290
TNM stage
II 184(46.45%) 1.0
III 216 (53.55%) 4.73 (1.83, 12.27) 0.0014
Postoperative treatment
Radical resection only 41 (9.14%) 1.0
Postoperative concurrent chemoradiotherapy and adjuvant chemotherapy 359 (69.45%) 1.54 (0.32, 7.44) 0.5880
Differentiation
Well/moderate 349 (88.25%) 1.0
Poor 51 (11.75%) 1.10 (0.38, 3.16) 0.8633
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adjusted model (HR=0.88, 95%CI: 0.78-1.00, p=0.051), we 
adjusted histological type, gender, age, platelet count, TNM 
stage, postoperative treatment, degree of differentiation, tumor 
Markers and tumor sites. We found that the risk of death in 
colorectal cancer patients was reduced by 12% when the PNI value 
was increased 1 unit, however, the P value was not significant. 
So, we failed to observe a correlation between PNI and death 
in colorectal cancer patients (independent protective factors) 
through the cox model. In addition, for sensitivity analysis, a 
similar trend was observed using the PNI value as a categorical 
variable PNI (TERTILE).

3.6 The analyses for non-linear relationship and the 
saturation or threshold effects

Since PNI is a continuous variable, the possibility of a 
nonlinear relationship between PNI and outcome variables 
cannot be ruled out. To address nonlinearity of PNI and death, 
we used the cubic spline function applied to the model, and 
found that PNI and colorectal cancer patients were non-linear 
(adjusted histological type, gender, age, platelet count, tumor 
marker (Figure 3): CA199,CA724,CA242,CEA, TNM staging, 

postoperative treatment, differentiation, chemotherapy cycle, 
tumor site). The inflection point was detected by the recursive 
algorithm, which is 41.35.Through the two-piecewise cox 
model, we found that HR of PNI and death had different 
trends on both sides of the inflection point. On the left side of 
the inflection point, the effect size, 95%CI, and p values were 
0.32, 0.13-0.79, and 0.013, respectively. On the right side of the 
inflection point, the effect size, 95%CI, and p values were 0.84, 
0.62-1.13, and 0.246, respectively. The straight line fitting and 
curve fitting equations were found to vary greatly according to 
the log-likelihood ratio test. Therefore, the correlation between 
PNI and death cannot be fitted by straight lines. When the PNI 
is less than 41.35, the risk of death is reduced by 68% for each 
additional unit of PNI. However, when it exceeds 41.35, even 
if the PNI increases again, the patient mortality rate cannot 
be further reduced. The protective effect of PNI on colorectal 
cancer patients has a saturating effect (Table 4).

4 Discussion
Studies showed that PNI is an important prognostic indicator 

for various malignant tumors (Sun et al., 2014; Chan et al., 2015; 
Kanda et al., 2011; Fu et al., 2016; Jeon et al., 2016; Migita et al., 2013) 
Malnutrition is also very common in patients with colorectal 
cancer, and its incidence is as high as 31.0% (Gur et al., 2009). 
The malnutrition is mainly due to preoperative long-term 
inadequate intake, tumor consumption, tumor complications 
(such as obstruction, bleeding or perforation), abnormal 
body metabolism (Jiang  &  Zhang, 2016).Therefore, accurate 
preoperative nutritional status assessment plays an important 
role in selecting appropriate surgical timing and postoperative 
adjuvant treatment (Chang et al., 2013).

Preoperative PNI was originally used as a predictor of 
complications after gastrointestinal surgery and can reflect the 
nutritional status and immune function of patients (Mohri et al., 2013; 
Vandenbroucke et al., 2014). The decrease in lymphocyte count 
during malnutrition suggests abnormal immune mechanisms 
and decreased anti-tumor immunity (Chang  et  al.,  2013). 
Plasma albumin concentration can be affected by dietary protein 
intake, and can be used as an evaluation index of individual 
nutritional status to a certain extent. Hypoalbuminemia also 
has a significant correlation with poor prognosis in patients 
with colorectal cancer. So, PNI value may also be one potential 
prognosis maker for colorectal cancer.

Table 4. The results of two-piecewise linear regression model.

Survive 
(HR) 95% CI p-value

Model I
Linear regression coefficient 0.75 (0.57, 0.98) 0.033
Model II
Inflection point (K) 41.35
< K-segment regression coefficient 1 0.32 (0.13, 0.79) 0.013
> K-segment regression coefficient 2 0.84 (0.62, 1.13) 0.246
Log likelihood ratio test <0.001
We adjusted: histological type, gender, age, platelet count, tumor markers: CA199, CA724, 
CA242, CEA, TNM staging, postoperative treatment, degree of differentiation, tumor site.

Table 3. The results of multivariate analysis using non-adjusted and 
adjusted cox regression models.

Exposure
Non-adjusted 
model (HR, 

95% CI)

Minimally-
adjusted model 
(HR, 95% CI)

Full adjusted 
model (HR, 

95% CI)
PNI 0.94 (0.89, 1.00) 0.95 (0.89, 1.01) 0.88 (0.78, 1.00)
PNI (TERTILE)
Low 1.0 1.0 1.0
Middle 0.33 (0.13, 0.84) 0.34 (0.13, 0.85) 0.33 (0.08, 1.46)
High 0.49 (0.22, 1.07) 0.51 (0.23, 1.13) 0.30 (0.07, 1.33)
p for trend 0.0592 0.0764 0.1139
Non-adjusted model: None. Minimally-adjusted model: gender; age. Full-adjusted model: 
histological type, gender, age, platelet count, tumor markers: CA199, CA724, CA242, CEA, 
TNM staging, postoperative treatment, degree of differentiation, and tumor location.

Figure 3. Nonlinear relationship between PNI and survival.
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There is no uniform standard for the boundary value that defines 
the PNI value in the literature. Some studies (Mohri et al., 2013) 
used empirical settings of 45 or 46 as the cut-off value, while 
most studies used the median as the cut-off value, ranging from 
45-49.The ROC curve method (Chang et  al.,  2013) was also 
used to calculate the PNI value with the best combination of 
sensitivity and specificity. Yujie Zhao et al (Zhao et al., 2018) 
empirically set the PNI cutoff value to 48.5, and found that PNI 
> 48.5 was associated with significantly better survival outcomes 
for independent factors of OS in colorectal cancer patients. 
Chen Jian-hui (Jian-Hui et al., 2016) used the ROC curve to 
calculate the PNI cutoff value of 45. For locally advanced colorectal 
cancer, the OS of the high PNI group was significantly higher 
than the low PNI group. In fact, in the correlation analysis, the 
ROC curve has certain defects in methodology to determine 
the optimal boundary value. ROC is mainly used to diagnose the 
type of predictive model, which responds to the descrimination 
of the diagnostic predictive model. In the correlation analysis, 
the inflection point of the nonlinear relationship is intended to 
maximize the difference in effect values between models with 
different piecewise linear fits (Angerås et al., 2013).

In this study, we found a non-linear relationship between 
PNI and survival in patients with locally advanced colorectal 
cancer. and calculated an inflection point of 41.35.On the left 
side of the inflection point, the risk of death is reduced by 68% 
for each unit increase of PNI. On the right side of the inflection 
point, the patient mortality rate cannot be reduced even if the 
PNI increases again,

Compared with previous studies, there are some strengthens 
in the present study. 1) We clarified that PNI had a nonlinear 
relationship with the prognosis of locally advanced colorectal 
cancer; 2) We conducted a sensitivity analysis. We converted 
exposure variables from continuous variables to categorical 
variables and conducted trend tests to ensure the robustness of 
the results; 3) The regression equation was strictly used to adjust 
the possible confounding factors; 4) The inflection point was 
detected using a recursive algorithm, and it was 41.35;5)Our 
findings was summaried from practical rather than a clinical 
trial population. Therefore, the results can not be influenced by 
many artificial factors . Of course, there are some limitations 
for our study. 1) The samples are geographically restrictive; 2) 
Only patients with stage II and III were enrolled;3)Some patients 
were not excluded from the study based on the NAP criteria, 
but were missing during the follow-up.

In summary, we found that there is not linear relationship 
between PNI and deaths. In a specific range, PNI can be used 
to predict the death risk of colorectal cancer.
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