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Abstract
Purpose: T The world is becoming longer-lived, and the number of elderly colorectal cancer patients is
increasing. It is very important to identify simple and inexpensive postoperative predictors in elderly
colorectal cancer patients. The geriatric nutritional risk index (GNRI) is a marker of systemic nutrition and
is associated with poor survival in various kinds of cancers. A few reports have investigated recurrence
factors using preoperative GNRI with CRC patients. This study aimed to investigate whether preoperative
GNRI is associated with recurrence-free survival (RFS) and overall survival (OS) in elderly patients with
CRC.

Methods: This study retrospectively enrolled 259 patients with StageⅠ-Ⅲ CRC who were more than 65
years old and underwent curative surgery at a single institution in 2012–2017. We classified them into
low GNRI (RFS: ≤90.5, OS ≤101.1) group and high GNRI (RFS:>90.5, OS >101.1) group.

Results: Multivariable analyses showed low GNRI group was an independent risk factor for 3-year RFS (P
= 0.006) and OS (P = 0.001) in the patients with CRC. Kaplan-Meier analysis showed 3-year RFS and 3-
year OS were significantly worse in the low GNRI group than in high GNRI group (p = 0.001, 0.0037).

Conclusion: A low-preoperative GNRI was significantly associated with a poor prognosis in elderly CRC
patients.

Introduction
Life expectancy in humans is increasing. Expansion of the worldwide population and elevation of life
expectancy have increased the number of elderly individuals [1].

When asked if an elderly CRC (colorectal cancer) patient wants treatment, most patients do. We know
that increasing age also increases the risk for complications during and after colorectal surgery. Aging
itself can reduce physiological recuperative power, aging is an independent risk factor for both in-hospital
morbidity and mortality after colorectal surgery [2][3]. Recently, it has been widely accepted that GNRI
(Geriatric Nutritional Risk Index) is strongly associated with mortality in elderly patients with various
cancers [4–6]. However, as far as we know, there are few reports on the prognostic significance of GNRI in
patients with colorectal cancer. This study investigated whether GNRI is a useful predictor of recurrence
and long-term survival in elderly patients with colorectal cancer who have undergone curative resection.

Patients And Methods

Patient selection
Stage I–III CRC (colorectal cancer) diagnosed based on the 8th edition of the United States Joint
Commission on Cancer (AJCC) [23] staging system and undergoing curative resection at Teikyo
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University Hospital from 2012 to 2017. We enrolled 259 patients with Stage Ⅰ-Ⅲ CRC aged ≥ 65years. This
study has been approved by Teikyo University Ethics (Registration Number; 19–153).

Nutritional assessment by GNRI (Geriatric Nutritional Risk
Index)
The GNRI was calculated that [(14.89 × albumin (mg / dl)] + [41.7 × (present / ideal body) weight (kg)].
The present / ideal body weight value was set to 1 when the patient ’s body weight exceeded the ideal
body weight [24]. The ideal body weight was defined as a body mass index of 22 kg / m2 [24].

Other nutritional markers (Prognostic Nutritional Index: PNI,
GPS, CONUT score)
PNI is a nutritional index proposed by Onodera et al [25]. And is calculated using serum albumin and total
lymphocyte count. PNI = 10 x Alb + 0.005 x total lymphocyte count.

Initially, it was reported as a risk predictor of perioperative complications, later it was reported that
evaluation of preoperative PNI was useful as a predictor of prognosis in cancer patients [26]. Glasgow
Prognostic Score (GPS) was published by McMillan et al. In 2003. This is a classification using the
nutritional index proposed for the first time in non-small cell lung cancer [27]. It was reported to be a
better prognostic marker than classification based on stage and performance status. The CONUT score is
used as a nutritional evaluation index calculated by scoring albumin level, total lymphocyte count, and
total cholesterol level [28]. We have previously reported that CONUT score is useful as a predictor of
prognosis after colorectal cancer surgery [23].

Survival follow-up
Surgical resection was defined as curative when there was no evidence of tumor recurrence and the
distant metastases were histologically and macroscopically complete. Patients were followed up every 3
months for the first 3 years, every 6 months for the next 2 years. At each follow-up, all patients underwent
physical examination and measurements of serum CEA (carcinoembryonic antigen) and CA19-9
(carbohydrate antigen 19 − 9). They also underwent colonoscopy 1–2 years after surgery (rectal cancer
was every year after surgery). Thoraco-abdominal computed tomography scans were usually taken every
6 months. Recurrence was defined as the appearance of a radiological, clinical, and / or pathological
diagnosis of cancer cells that were local or distant from their original location.

Determination of cut-off values
The cut-off value for the GNRI was defined according to the receiver-operating characteristic (ROC) curve
analysis with Youden’s index for the survival, and for BMI 22, for CEA (5 ng/ml) and CA19-9 (37 U/ml)
were the upper limit of the normal range in our institute.

Statistical analysis
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Differences in categorical variables were examined using a chi-square test or Fisher's exact test. RFS
(Relapse-free survival) was calculated from the date of the patient underwent surgery to that of
recurrence or death, overall survival (OS) was calculated from the date of the patient underwent surgery
to that of death, using the Kaplan-Meier method. Univariate and multivariate analyses were performed
using a Cox proportional hazards regression model for RFS and OS. Multivariate analyses were
performed using the factors that were significant in univariate analyses. Clinical variables that were
considered for univariate and multivariate analyses, in addition to the target GNRI, were previously
identified confounding factors with an impact on the prognosis with CRC: sex, age at the diagnosis,
histology, pathological T stage (T1/2 or T3/4), lymph-node metastasis (present or absent), BMI (≥ 22 or
< 22), CEA levels (< 5.0 vs.≥5.0ng/ mL), CA-19-9 levels (< 37 vs. ≥37 U/mL). Probability (p)-values ≤ 0.05
were considered significant. All statistical analyses were performed using JMP 15 software (SAS, Cary,
NC, USA).

Results

Patient characteristics
Our study included a total of 259 patients. The median age was 74.2 (range, 65–93) years; 144 (55.6%)
patients were male and 115 (44.4%) were female. T factor (the depth of tumor invasion) was 77 (29.7%)
for T1 or T2, and 182 (70.3%) for T3 or T4. There were 87 (33.6%) cases with lymph node metastasis (N
factor ་) and 172 (66.4%) cases without lymph node metastasis (N factor -). There were 89 (34.5%) cases
with high preoperative CEA levels and 41 (15.9%) cases with high preoperative CA19-9 levels. The low
GNRI group were 50 (19.5%) patients, high GNRI group were 209 (80.5%) (Table.1).

GNRI cut-off value

We performed ROC analyses to define the optimal cut-off value of the preoperative GNRI. ROC analyses
for the 3-year RFS showed that 90.5 was the cut-off value of the GNRI that could discriminate CRC
patients with recurrence from those without recurrence from those, with an area under the curve (AUC) of
0.62 (sensitivity: 0.36, specificity: 0.86 (Fig. 1A). ROC analyses for the 3-year OS showed that 101.1 was
the cut-off value of the GNRI that could discriminate CRC patients with a poor prognosis from those
without a poor prognosis from those with AUC of 0.68 (sensitivity: 0.83, specificity: 0.50 (Fig. 1B).

Associations of GNRI quality with clinicopathological
factors
Correlation between GNRI and various clinicopathological factors includes gender, age, BMI, pT stage, pN
stage, lymph / venous invasion, tumor location, pathological type, CEA levels and CA19-9 levels are
included. GNRI was significantly correlated with pT stage (p < 0.0001), BMI (p < 0.0001), tumor location (p 
= 0.017) and CA19-9 (p < 0.0001) (Table 2).

ALB and %IBW (ideal body weight) scattergraphs by GNRI
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For albumin, the preoperative blood albumin concentration is used. % IBW is calculated by current weight
/ ideal weight (22 x height (m) 2) x 100. The mean values of the low GNRI group were as follows. ALB:
4.0, %IBW: 106.2, and those of the high GNRI group were 3.1, 89.8 (Fig. 2). All items were significantly
different between the two groups.

Survival Analysis of GNRI in Elderly CRC Patients
The total of 259 patients with a median follow-up of 1,214 days (interquartile range, 7–2,490 days)
developed disease recurrence 43 (19.4%). Among the 43 patients with recurrence, liver metastases were
observed in 14 (32.6%), lung metastases in 12 (27.9%), peritoneal carcinomatosis in 6 (14.0%), local
recurrence in 4 (9.3%), para-aortic lymph nodes in 4 (9.3%), others in 6 (14.0%).

Univariate and multivariate analysis of predictive factors for
3-year RFS
All patients were categorized into the low GNRI group (< 90.54; n = 51, 19.8%) or high GNRI group ((≥ 
90.54; n = 208, 80.2%). We examined GNRI and clinicopathological factors in 3-year RFS. The GNRI,
histological grade, lymph invasion, vascular invasion, pT category, pN category, preoperative CEA level,
and CA19-9 level were significantly associated with poor RFS in the univariate survival analyses
(Table 3). Other factors including age, gender, tumor location, BMI were not significantly associated with
3-year RFS. The multivariate analysis identified GNRI, pT category, pN category, preoperative CEA level as
independent prognostic factors associated with 3-year RFS (Table 3).

Univariate and multivariate analysis of predictive factors for 3-year OS

We set 101.1 and cut off values using the ROC curve and youden index. The control group was divided
into two groups using the cut off value. All patients were categorized into the low GNRI group (≤ 101.1; n 
= 138, 53.2%) or high GNRI group (> 101.1; n = 121, 46.8%). The results of the univariate and multivariate
analyses for 3-year OS are summarized in Table 4. In the univariate analyses, histological grade, lymph
invasion, pT category, pN category, preoperative CEA level, and GNRI were significantly associated with 3-
year OS (p = 0.004, 0.0007, 0.020, 0.0007, 0.013, 0.005). In multivariate analyses for 3-year OS,
histological grade, lymph invasion, preoperative CEA level and GNRI were independent predictive factors
(p = 0.006, 0.025, 0.009, 0.012).

TNM Stage in low GNRI group and High GNRI group
There were 66 patients (25.4%) with stage I, 109 (42.1%) with stage II, and 84 (32.4%) with stage III
cancer. As the stage progressed, the number of patients with low GNRI tended to be statistically
significantly higher (RFS: p = 0.0003, OS: p = 0.0004) (Table 5).

Kaplan–Meier Curve of GNRI in Elderly
Survival analyses were performed between low GNRI group and high GNRI group according to cutoff
value of GNRI. Statistically significant differences between the two groups were revealed by Kaplan-Meier
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curves on both 3-year RFS (P < 0.0001) and 3-year OS (P < 0.004), indicating a potential prognostic value
of GNRI. The 3-year RFS were 62.1% for the low GNRI group, 82.1% for the high GNRI group, respectively
(Fig. 3A). Furthermore, according to the TNM staging stratification analysis, the patients with a low GNRI
group were closely associated with poor prognosis stages I + II and III (P = 0.0003, p = 0.046; Fig. 3B, 3C).
The TNM staging analysis was performed by adding Stage I and Stage II due to the small number of
Stage I. The 3-year OS were 85.4% for the low GNRI group, 95.3% for the high GNRI group, respectively
(Fig. 4A). In OS, the patients with a low GNRI group were closely associated with poor prognosis stages I་
stage II and III (P = 0.040, p = 0.017; Fig. 4B, 4C).

Comparison with other nutritional indicators using ROC
curve
ROC analysis was performed using PNI, GPS, and CONIT scores, which are nutritional markers that have
been reported to be associated with cancer recurrence, and AUC was calculated. As a result, AUC (area
under the curve) had the highest GNRI with GNRI of 0.661, PNI of 0.621, GPS of 0.595, and CONUT of
0.643 (Fig. 5).

Discussion
Many studies have reported that nutrition-related factors and host immunity have a strong impact on the
prognosis of cancer patients [7][8]. The GNRI was firstly reported that simple and accurate tool for
predicting the risk of morbidity and mortality in hospitalized elderly patients [9]. The GNRI was strongly
associated with mortality in elderly hospitalized patients and in patients with various cancers [10–13]. In
our study, a survival analysis of stageⅠ-Ⅲ CRC patients who underwent curative surgery revealed that
patients with low GNRI had significantly worse 3-year RFS than those with high GNRI. Similarly, in the 3-
year OS, the prognosis was poor in the low GNRI group. The GNRI was also an independent risk factor for
3-year RFS and 3-year OS in multivariate analysis.

The underlying mechanism by which the low GNRI group results in poor prognosis among colorectal
cancer patients undergoing curative surgery is unknown. Two factors can be inferred for the poor
prognosis of the low GNRI group. The GNRI is composed of serum albumin levels and body weight
(actual body weight [ABW] / IBW) and represents malnutrition.

First, cancer patients are prone to malnutrition, showing a reduced anabolic response to nutritional
support. Anabolic resistance refers to the resistance to assimilation in which protein synthesis in muscle
tissue does not occur normally after ingesting nutrients such as amino acids due to surgery, trauma,
chronic debilitating diseases, aging, etc [14]. This also occurred in CRC patients, and it has been reported
that a blunted reaction of muscle protein synthesis was observed in CRC patients after injection of the
amino acid mixture [15]. Second, albumin synthesis may be suppressed in patients with CRC. There are
GPS (Glasgow Prognostic Score) and PNI (prognostic nutritional index) in the score of nutritional
evaluation using albumin. The GPS is a score using serum albumin level and CRP (C-reactive protein). It
has been reported that when the serum albumin level is low, GPS becomes high and the prognosis was
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poor in postoperative patients with CRC [16]. The PNI is a score calculated using lymphocyte count and
serum albumin level. Tominaga et al reported a poor prognosis for patients with postoperative CRC with
low preoperative PNI [17]. Thus, low serum albumin levels have been reported to have a poor prognosis.

The TNM stage has been widely used as the most applicable postoperative staging evaluation system for
various cancers worldwide, and it plays an important guiding role in postoperative follow-up and
treatment for CRC patients [18][19]. However, it is often reported that there is significant survival
heterogeneity among CRC patients with the same TNM stage, and that the TNM stage is inadequate in
individual prognosis prediction [20][21]. This may be because the TNM stage only classifies patients
according to postoperative pathological results but does not include the patient’s own nutritional status.
In recent years, we have focused on the tumor environment from the tumor itself, especially the nutritional
and inflammatory status of the patient [7, 21, 22]. By classifying colorectal cancer patients by stage and
using GNRI, the ability to discriminate prognosis was improved. Therefore, we believe that GNRI can
effectively complement the TNM stage and play an important role in assessing the individual prognosis
of CRC patients.

This study has some limitations. First, this study was retrospective in design and included patients from
a single institution. Overcoming potential biases in observational studies requires controlled randomized
controlled trials comparing each GNRI risk group. Second, this study has undergone surgery for a variety
of colorectal cancers and does not take into account differences between surgical procedures. Third,
there is no consensus regarding the GNRI cut-off value, and this makes it difficult to use the GNRI in
clinical settings. We selected the GNRI herein by using a ROC analysis. The GNRI is a non-specific marker
of nutrition, which implies that another systemic disease can affect the GNRI. Our study findings need
further review and validation in more CRC patients.

Conclusions
Our study provided novel evidence for the clinical relevance and potential feasibility of GNRI as a
prognostic biomarker in CRC. Assessment of our developed GNRI could identify patients with elderly CRC
who have a poor prognosis.
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Figure 1

ROC for GNRI as a predictive factor for postoperative survival was plotted to verify the optimum cutoff
value of GNRI. (A) relapse-free survival, (B) overall survival.
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Figure 2

ALB and %IBW scatter graphs by GNRI.

Figure 3

Kaplan-Meier analysis for the RFS of colorectal cancer patients in all stages according to GNRI (A) and
stratification analysis based on TNM stage: stage I, stage II (B) and stage III (C).
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Figure 4

Kaplan-Meier analysis for the OS of colorectal cancer patients in all stages according to GNRI (A) and
stratification analysis based on TNM stage: stage I, stage II (B) and stage III (C).
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Figure 5

Comparison of ROC curves using nutritional markers
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