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Abstract

Background: The objective of this study was to assess the
prognostic value of the Geriatric Nutrition Risk Index (GNRI),
a simplified, objective screening parameter of nutrition-re-
lated risk for various pathological conditions, on patients
with non-metastatic renal cell carcinoma (RCC) who under-
went surgical resection. Patients and Methods: This study
included 432 consecutive patients with non-metastatic RCC
who received complete surgical resection. The prognostic
outcomes of these patients were evaluated focusing on the
significance of GNRI, calculated from serum albumin and the
body mass index. Results: Of the 432 patients, 107 (24.8%)
and 325 (75.2%) were classified into low (GNRI < 98) and
high (GNRI > 98) nutritional groups, respectively. Both re-
currence-free survival and cancer-specific survival in the low
nutritional group were significantly poorer compared with
those in the high nutritional group. Despite the lack of inde-
pendent significance as a predictor of recurrence-free sur-

vival, GNRI, in addition to microvascular invasion, appeared
to be independently associated with cancer-specific survival
on multivariate analysis. Conclusion: A low nutritional sta-
tus evaluated by GNRI may have an unfavorable impact on
postoperative cancer control, particularly cancer-specific
survival, in non-metastatic RCC patients who received sur-
gical resection. Copyright © 2016 S. Karger AG, Basel

Introduction

Renal cell carcinoma (RCC) accounts for 2-3% of all
adult malignancies and annual estimates of newly diag-
nosed cases have been steadily increasing over the last
decade [1]. RCC is characterized by unique biological
features [2], of which the close association with the met-
abolic status has been shown in both experimental and
clinical studies [3-6]. Several genes known to cause
RCC share common characteristics involved in metabo-
lism, such as energy, oxygen, iron, and nutrient sensing
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Table 1. Patient characteristics according to the Geriatric Nutrition Risk
Index (GNRI)

Variables GNRI p
<98 (n=107) >98 (n=325)

Age (%) 0.93
<70 years 41 (38.3) 123 (37.8)
> 70 years 66 (61.7) 202 (62.2)

Gender (%) 0.71
Male 67 (62.6) 210 (64.6)
Female 40 (37.4) 115 (35.4)

Karnofsky PS (%) < 0.001
< 80% 40 (37.4) 67 (20.6)
>80% 67 (62.6) 258 (79.4)

Body mass index (%) < 0.001
<22 kg/m? 87 (81.3) 103 (31.7)
> 22 kg/m? 20 (18.7) 222 (68.3)

Neutrophils (%) 0.15
> ULN 96 (89.7) 305 (93.8)
<ULN 11 (10.3) 20 (6.2)

Hemoglobin (%) < 0.001
<LLN 43 (40.2) 248 (76.3)
>LLN 64 (59.8) 77 (23.7)

Platelets (%) < 0.001
> ULN 85 (79.4) 310 (95.4)
<ULN 22 (20.6) 15 (4.6)

Lactate dehydrogenase (%) 0.72
> ULN x1.5 99 (92.5) 304 (93.5)
<ULN x1.5 8(7.5) 21 (6.5)

Albumin (%) <0.001
<LLN 63 (58.9) 12 (3.7)
>LLN 44 (41.1) 313 (96.3)

Corrected calcium (%) < 0.001
<10 mg/dL 59 (55.1) 308 (94.8)
> 10 mg/dL 48 (44.9) 17 (5.2)

C-reactive protein (%) <0.001
<ULN 53 (49.5) 251 (77.2)
> ULN 54 (50.5) 74 (22.8)

Pathological T stage (%) <0.001
Tl 52 (48.6) 233 (71.7)
T2 or T3 55(51.4) 92 (28.3)

Microvascular invasion (%) <0.001
Negative 65 (60.7) 233 (71.7)
Positive 42 (39.3) 92 (28.3)

Sarcomatoid component (%) 0.11
Negative 101 (94.4) 317 (97.5)
Positive 6 (5.6) 8(2.5)

PS = Performance status; ULN = upper limit of normal; LLN
= lower limit of normal.

pathways [3], while obesity is a widely accepted risk fac-
tor for the development of RCC [4]. Collectively, these
findings suggest that RCC has a metabolic association.
Nutritional status has been shown to be an important
risk factor associated with the prevalence of postoper-
ative morbidity and mortality in patients with a wide
variety of malignant tumors [7-9]. However, it remains
controversial whether nutritional status has an impact
on the prognosis in patients undergoing surgical treat-
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ment for RCC [10-15]. For example, Parker et al. [10]
reported that despite the association of an increased body
mass index (BMI) with a less aggressive disease profile.
BMI offers little additional prognostic information over
conventional prognostic parameters, while Schips et al.
[12] revealed that RCC patients with BMI > 25 kg/m?
showed favorable postoperative survival compared to
those with a normal weight in univariate analysis, but not
in multivariate analysis. Considering these findings, we
retrospectively assessed the prognostic significance of
the Geriatric Nutrition Risk Index (GNRI) [16], a new
simplified screening tool to assess the nutrition-related
risk that has been shown to be associated with mortality
in elderly patients as well as those with various diseases
[17-21], in a total of 432 consecutive patients with non
-metastatic RCC who received complete surgical resec-
tion.

Patients and Methods

This study retrospectively included 432 consecutive patients
who were diagnosed with non-metastatic RCC and subsequently
underwent complete surgical resection by either radical or par-
tial nephrectomy between January 2005 and December 2011. In-
formed consent for this study was obtained from each patient, and
the study design was approved by the Research Ethics Committee
of our institution.

The 432 patients preoperatively underwent routine blood tests,
brain, chest, and abdominal computed tomography, and abdom-
inal magnetic resonance imaging and/or bone scintigraphy. All
pathological examinations were performed by a single patholo-
gist according to the 2010 American Joint Committee on Cancer
guidelines and the Fuhrman grading system. Information on the
clinicopathological characteristics of the included patients was
retrieved from their medical records. All patients were generally
followed by laboratory as well as radiological examinations at
least every 6 months to monitor recurrence and metastasis. In the
absence of a relapse of RCC 5 years after surgery, the interval
between re-examinations was increased.

GNRI was calculated as follows: GNRI = 1.489 x serum al-
bumin (g/l) + 41.7 % present body weight/ideal body weight [16].
The ideal body weight in the present study was defined as the
value calculated from the height and BMI of 22 [21], and body
weight/ideal body weight was set to 1, when the patient’s body
weight exceeded the ideal body weight.

All statistical analyses were performed using Statview 5.0
software (Abacus Concepts, Inc., Berkeley, CA, USA), and p
values < 0.05 were considered significant. The chi-squared test
was used to analyze the association between several clinicopatho-
logical factors and GNRI. The recurrence-free survival (RFS)
and cancer-specific survival (CSS) rates of the patients were cal-
culated by the Kaplan-Meier method, and the differences were
determined by the log-rank test. The prognostic significance of
certain factors was assessed using the Cox proportional hazards
regression model.
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Fig. 1. (A) Recurrence-free survival of patients with non-metastatic renal cell carcinoma who underwent surgical resection according
to the Geriatric Nutrition Risk Index. (B) Cancer-specific survival of patients with non-metastatic renal cell carcinoma who underwent

surgical resection according to the Geriatric Nutrition Risk Index.

Results

According to the previously proposed criterion [17],
325 patients (75.2%) with GNRI > 98 were regarded as
having a normal nutritional risk, whereas the remaining
107 (24.8%) were judged as having an abnormal nutri-
tional risk. Table 1 presents the characteristics of the pa-
tients according to the nutritional risk status. The Karn-
ofsky performance status in the abnormal risk group was
significantly lower than that in the normal risk group,
while the abnormal risk group had significantly lower
levels of hemoglobin, platelets, and albumin as well as
higher levels of corrected calcium and C-reactive protein
(CRP) than the normal risk group. Furthermore, the pro-
portion of patients with an advanced pathological T stage
or who were positive for microvascular invasion in the
abnormal risk group was significantly greater than that in
the normal risk group.

During the observation period of this study, disease re-
currence occurred in 48 (14.8%) and 28 (26.2%) patients
in the normal and abnormal risk groups, respectively,
while 9 (2.8%) and 15 (14.0%) patients in the normal
and abnormal risk groups, respectively, died of the pro-
gression of RCC. The 5-year RFS rates in the normal and
abnormal risk groups were 81.6 and 72.2%, respectively,
and the 5-year CSS rates in the normal and abnormal risk
groups were 94.4 and 81.1%, respectively. As shown in
fig. 1, there were significant differences in both RFS and
CSS between the normal and abnormal risk groups.
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We analyzed the value of GNRI in addition to the con-
ventional prognostic parameters for predicting RFS and
CSS in the 432 patients in this study. As presented in ta-
ble 2, univariate analysis identified gender, hemoglobin,
platelets, lactate dehydrogenase, albumin, pathological
T stage, microvascular invasion, the sarcomatoid com-
ponent, and GNRI as significant predictors of RFS, of
which only gender, pathological T stage, microvascular
invasion, and the sarcomatoid component were shown
to be independently associated with RFS on multivari-
ate analysis. In addition, univariate analysis indicated
that CSS was significantly correlated with albumin, CRP,
pathological T stage, microvascular invasion, the sarco-
matoid component, and GNRI. Of these significant fac-
tors, only microvascular invasion and GNRI appeared to
have independent impacts on CSS on multivariate anal-
ysis (table 3).

Discussion

Altered metabolism plays an important role in the
pathogenesis of several types of malignant tumors. In
particular, significant progress has been made in the un-
derstanding of the metabolic derangements observed in
RCC [3-6]. In fact, loss of the VHL gene, which is the
most frequently detected genetic disorder in RCC, and
the subsequent increase in expression of the hypoxia-in-
ducible factor have been shown to affect several meta-
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Table 2. Uni- and multivariate analyses of several parameters as predictors of recurrence-free survival

Variables Univariate analysis Multivariate analysis

Hazard ratio p Hazard ratio p
Age (> 70 years vs. < 70 years) 0.83 0.443 - -
Gender (male vs. female) 2.56 0.0012 2.79 <0.001
Karnofsky PS (> 80% vs. < 80%) 0.90 0.71 - -
Body mass index (< 22 kg/m? vs. > 22 kg/m?) 1.06 0.82 - -
Neutrophils (> ULN vs. < ULN) 0.91 0.84 - -
Hemoglobin (< LLN vs. > LLN) 1.88 0.0061 0.96 0.87
Platelets (> ULN vs. < ULN) 248 0.0033 1.13 0.73
Lactate dehydrogenase (> ULN vs. < ULN) 0.75 0.033 0.76 0.61
Corrected calcium (> 10 mg/dL vs. < 10 mg/dL) 1.07 0.65 - -
Albumin (< LLN vs. > LLN) 2.52 <0.001 2.00 0.083
C-reactive protein (> ULN vs. < ULN) 1.14 0.22 - -
Pathological T stage (pT1 vs. pT2 or pT3) 6.21 <0.001 2.89 <0.001
Microvascular invasion (positive vs. negative) 5.20 <0.001 3.26 <0.001
Sarcomatoid component (positive vs. negative) 4.12 <0.001 5.68 <0.001
Geriatric Nutrition Risk Index (<98 vs. > 98) 1.82 0.012 0.82 0.60

Table 3. Uni- and multivariate analyses of several parameters as predictors of cancer-specific survival

Variables Univariate analysis Multivariate analysis
Hazard ratio p Hazard ratio p
Age (> 70 years vs. < 70 years) 2.04 0.082 - -
Gender (male vs. female) 1.97 0.15 - -
Karnofsky PS (> 80% vs. < 80%) 1.82 0.15 - -
Body mass index (< 22 kg/m? vs. > 22 kg/m?) 1.99 0.10 - -
Neutrophils (> ULN vs. < ULN) 0.52 0.52 - -
Hemoglobin (< LLN vs. > LLN) 1.88 0.13 - -
Platelets (> ULN vs. < ULN) 1.92 0.29 - -
Lactate dehydrogenase (> ULN vs. < ULN) 0.21 0.12 - -
Corrected calcium (> 10 mg/dL vs. < 10 mg/dL) 2.24 0.077 - -
Albumin (< LLN vs. > LLN) 3.16 0.0061 0.80 0.69
C-reactive protein (> ULN vs. < ULN) 3.99 <0.001 1.91 0.15
Pathological T stage (pT1 vs. pT2 or pT3) 6.71 <0.001 2.53 0.12
Microvascular invasion (positive vs. negative) 7.71 <0.001 3.55 0.027
Sarcomatoid component (positive vs. negative) 9.77 <0.001 247 0.19
Geriatric Nutrition Risk Index (<98 vs. > 98) 4.49 <0.001 3.22 0.036

bolic pathways, including glycolysis and oxidative phos-
phorylation, resulting in enhanced growth and survival
of RCC [3]. Moreover, obesity is a widely accepted risk
factor for the development of RCC [4, 5]. However, there
have been limited studies with respect to the impact of
the baseline nutritional status on the prognosis in RCC
patients undergoing surgery, and the findings on this is-
sue remain controversial [ 10—15]. In this study, therefore,
we retrospectively analyzed the prognostic significance
of the nutritional status evaluated using GNRI in a total
of 432 consecutive patients undergoing curative surgery
for non-metastatic RCC.

Geriatric Nutrition Risk Index in Renal
Cell Carcinoma

A number of studies have shown the unfavorable im-
pact of a poor nutritional status on both morbidity and
mortality in patients with malignant tumors undergoing
surgery [7-9]. However, various criteria have been used
for the assessment of nutritional deficiency [7-15, 22],
and there is still no consensus concerning criteria suitable
for predicting the nutrition-related risk in these patients.
In fact, when BMI is simply used, conflicting findings on
the effect of BMI on the postoperative prognosis of RCC
patients have been reported [10-12]. In addition, despite
combining several parameters, previously developed
criteria, such as the nutritional risk index, nutritional
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risk score, and subjective global assessment, are mainly
based on a patient’s memory and thus are regarded as
subjective tools [22]. Considering these findings, GNRI
was used to evaluate the nutrition-related risk, since this
criterion is simple and objective, and has been shown to
be associated with mortality not only in elderly patients
in various health care settings, but also in patients with a
wide variety of pathological conditions [16-21].

In this series, 325 (75.2%) and 107 (24.8%) patients
with non-metastatic RCC were judged to have normal
and abnormal nutritional risks, respectively, based on the
findings of GNRI [17]. According to this classification,
patients with an abnormal nutritional risk were shown to
be significantly more likely to have several conventional
risk factors associated with a poor prognosis, such as an
unfavorable performance status, low levels of hemoglo-
bin, platelets and albumin, high levels of corrected cal-
cium and CRP, an advanced pathological T stage, and
microvascular invasion, compared to those with a nor-
mal nutritional risk. Several studies have reported find-
ings of the association between the nutritional status and
prognostic parameters similar to those in this study [10,
13-15]. For example, Morgan et al. [13] evaluated the
nutritional status in RCC patients undergoing surgery
using BMI, albumin, and preoperative weight loss, and
found a significant impact of nutritional deficiency on
age, hemoglobin, pathological T stage, and tumor grade.
Although the mechanism by which the nutritional sta-
tus affects the characteristics of RCC patients associated
with postoperative survival has not been fully clarified,
one possible explanation is the involvement of tumor-de-
rived inflammatory factors regulated by the nutritional
status, such as tumor necrosis factor- [23], which could
be supported by the close correlation between GNRI and
CRP observed in this study.

We assessed the postoperative prognostic significance
of GNRI in patients with non-metastatic RCC, and GNRI
was identified as a significant predictor of both RFS and
CSS, whereas GNRI appeared to be independently asso-
ciated with only CSS. To our knowledge, this is the first
study showing the significant value of GNRI on the prog-
nosis of patients undergoing cancer surgery. Furthermore,
previous studies measuring the nutritional status in RCC
patients using objective parameters had findings support-
ing the present outcomes [13—15]. For example, Ko et al.
[14] reported that the nutritional status in RCC patients
based on preoperative levels of albumin, cholesterol, and
BMI was independently related to progression-free sur-
vival and CSS. Collectively, these findings suggest the
important role of modification of the nutritional status
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prior to surgery for patients with non-metastatic RCC,
particularly those with biologically aggressive diseases,
which may improve their postoperative survival.

There were several limitations of this study. First, al-
though GNRI was assessed in consecutive patients, this
was a retrospective study with a comparatively short ob-
servation period, and therefore, it was difficult to draw
definitive conclusions on the prognostic issues. Second,
this study included only Japanese patients and they have
been shown to have a nutritional status different from
those in Western populations [24]. Therefore, it might be
difficult to apply the current outcomes to the overall co-
hort of RCC patients undergoing surgery. Third, recent
advances in the field of molecular-targeted therapy for
metastatic RCC could significantly affect CSS, and thus
it is necessary to consider this point in the interpretation
of the outcomes in this study. Finally, it is essential to
conduct prospective studies to confirm the present data
and determine the appropriate thresholds of GNRI as a
postoperative prognostic indicator for patients with non
-metastatic RCC.

In conclusion, nutrition-related risk defined by GNRI
could be an important parameter that predicts postopera-
tive cancer-specific mortality in patients with non-meta-
static RCC who have undergone curative surgery.
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