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Abstract. Although obesity defined by a high body mass
index (BMI) is generally associated with increased risk of
renal cell carcinoma (RCC), low BMI has paradoxically
been associated with increased tumor aggressiveness and
poor prognosis. As anorexia‑cachexia syndrome (ACS) is
associated with decreased BMI and is frequently observed in
patients with advanced RCC, the present study investigated
the association of BMI with tumor aggressiveness and prognosis in RCC in relation to ACS. The association of BMI with
clinicopathological parameters was analyzed in 503 consecutive patients who underwent surgery for RCC. Kaplan‑Meier
curves and rates of overall survival (OS) stratified by BMI
were also compared in relation to the presence or absence of
ACS, defined as the presence of anorexia or malaise, and/or
weight loss and/or hypoalbuminemia. Low BMI was significantly associated with high‑grade tumors (P= 0.0027) and the
presence of distant metastasis (P= 0.0025), and patients with
a lower BMI had significantly shorter OS than those with a
higher BMI (P= 0.0441). Patients with ACS had a significantly
lower BMI (mean, 21.5 kg/m 2) than those without ACS (mean,
23.5 kg/m 2; P<0.0001) and had significantly shorter OS than
those without ACS (P<0.0001). On multivariate analysis,
ACS was an independent predictor of short OS [P= 0.0089;
hazard ratio (HR), 2.21; 95% confidence interval (CI),
1.22‑3.92] and short cancer‑specific survival (P= 0.0308; HR,
2.03; 95% CI, 1.07‑3.78); however, BMI was not (P= 0.5440
and P= 0.6804, respectively). In the 413 patients without ACS
at initial presentation, BMI was not associated with any
clinicopathological parameters or OS (log‑rank, P= 0.4591).
BMI itself was not a predictor of survival in patients without
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ACS, and the association between low BMI and increased
tumor aggressiveness and poor prognosis could be due to
ACS.
Introduction
The prevalence of obesity and being overweight, defined by a
high body mass index (BMI), have been increasing regardless
of sex, age and whether people live in developed or developing
countries (1). Health problems related to being obese have
become an issue worldwide. The complications of obesity,
such as cardiovascular disorder, diabetes and other metabolic
diseases, frequently arise at a lower BMI in Asian nations than
they do in Europe and North America (2); therefore, more
attention is required for this in Asia. Obesity has been recognized as a notable risk factor for various malignant tumors,
among which colon and rectal cancer, endometrial cancer and
postmenopausal breast cancer are well known (3). Obesity is
also a well‑known risk factor for the development of renal cell
carcinoma (RCC) (3‑5).
The majority of studies investigating the association
between obesity and survival in prostate cancer and colorectal
cancer have suggested poorer rather than better survival for
obese patients (6,7). Regarding RCC, however, an inverse
relationship between BMI and prognosis has been reported,
not only in the United States and European countries (8‑10),
but also in Asia (11,12). These studies demonstrated that
overweight and obese patients were less likely to present with
aggressive forms of tumors or have poor survival (9,13).
RCC may present with a wide variety of paraneoplastic
symptoms, and anorexia‑cachexia syndrome (ACS) is one
of the most common (14,15). ACS is a complex metabolic
disorder, involving loss of adipose tissue due to lipolysis, loss of
skeletal muscle mass, elevation of resting energy expenditure,
anorexia and reduction in food intake (16). As a result, patients
with ACS lose weight and tend to have a low BMI. As patients
with ACS have markedly shorter survival in RCC (14,15), we
postulated that the association of low BMI with tumor aggressiveness and poor prognosis may be due to ACS. The purpose
of the present study was to evaluate the association of BMI
with tumor aggressiveness and prognosis in RCC while taking
ACS into account.
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Patients and methods

Table I. Patient characteristics.

Ethics statement. All procedures performed in studies involving
human participants were in accordance with the ethical standards of the Ethics Committee of National Defense Medical
College (Tokorozawa, Japan) and with the 1964 Helsinki
declaration and its later amendments. Informed consent was
obtained from all individual participants included in the study.

Characteristic

Patients. A total of 503 consecutive patients (374 males and
129 females; mean age at surgery, 62.5 years) who underwent
radical or partial nephrectomy for RCC at the National Defense
Medical College Hospital between November 1983 and January
2014 were retrospectively reviewed. All tumor tissues were
evaluated for pathological staging and histological grading
according to the TNM classification (17), and the cases before
2010 were re‑described according to the TNM classification by
the Pathology Department of our institution. Age, sex, Eastern
Cooperative Oncology Group Performance Status (ECOG‑PS)
scale (18), the presence or absence of ACS at initial presentation, BMI, regional lymph node (LN) involvement, presence
of distant metastasis and various pathological parameters
were assessed. ACS at the initial presentation was defined as
the presence of anorexia or malaise, and/or weight loss and/or
hypoalbuminemia (14,15). Weight loss was defined as unintentional weight decrease within several months, regardless of the
amount. Anorexia was defined as abnormal loss of the appetite
for food, and malaise was defined as fatigue or general body
discomfort. Hypoalbuminemia was defined as a preoperative
serum albumin level <3.8 mg/dl. BMI was estimated at the time
of surgery by dividing the patient's weight in kg by the square of
the patient's height in m. Patients were grouped into the following
four categories based on the World Health Organization
(WHO) classification for Asian populations: Underweight
(BMI<18.5 kg/m2); normal weight (BMI=18.5‑23 kg/m2); overweight (23≤BMI<25 kg/m2), obese (BMI≥25 kg/m2) (19).
Statistical analysis. Data were presented as the mean ± standard
deviation. The Mann‑Whitney U test was used for comparisons
of continuous variables among clinical and pathological para
meter groups. The Kaplan‑Meier method with the log‑rank test
was used to compare overall survival (OS) rates between RCC
patient groups. Univariate and multivariate Cox proportional
hazard models were used to identify which clinical and pathological parameters, including BMI and ACS, independently
predicted OS and cancer‑specific survival (CSS). All statistical
analyses were performed using JMP® 10 (SAS Institute, Inc.,
Cary, NC, USA). P<0.05 was considered to indicate a statistically significant difference.
Results
Patient characteristics. The patient characteristics and pathological parameters are listed in Table I. The present cohort
comprised 374 males (74.4%) and 129 females (25.6%), and
the mean age at surgery was 62.5 years (range, 29‑89 years).
Mean follow‑up duration from the date of surgery to the last
recorded follow‑up was 59.3 months (range, 0.1‑248.4 months),
there were 65 mortalities as a result of cancer, and there
were 11 mortalities due to other causes. Anorexia or malaise

Total
Sex
Male
Female
Eastern Cooperative Oncology Group PS
PS0‑1
PS2‑4
Anorexia or malaise
Negative
Positive
Weight loss
Negative
Positive
Hypoalbuminemia
Negative
Positive
Anorexia‑cachexia syndrome
Negative
Positive
BMI, kg/m2
Underweight (<18.5)
Normal (18.5≤BMI<23)
Overweight (23≤BMI<25)
Obese (BMI≥25)
Histological type
Clear cell
Other
Grade
Low (G1‑2)
High (G3)
Pathological T stage
pT1‑2
pT3‑4
Venous invasion
Negative
Positive
Growth pattern
Expansive
Infiltrative
Regional lymph node involvement
Negative
Positive
Distant metastasis
Negative
Positive

n (%)
503
374 (74.4)
129 (25.6)
482 (95.8)
21 (4.2)
466 (92.6)
37 (7.4)
472 (93.8)
31 (6.2)
432 (85.9)
71 (14.1)
413 (82.1)
90 (17.9)
36 (7.2)
218 (43.3)
130 (25.8)
119 (23.7)
424 (84.3)
79 (15.7)
328 (65.2)
175 (34.8)
398 (79.1)
105 (20.9)
288 (57.3)
215 (42.7)
334 (66.4)
169 (33.6)
488 (97.0)
15 (3.0)
446 (88.7)
57 (11.3)

BMI, body mass index; PS, performance status.

(37 patients, 7.4%), weight loss (31 patients, 6.2%) and hypoalbuminemia (71 patients, 14.1%) were observed at initial
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Table II. Association between BMI and clinicopathological parameters in all patients and in patients without ACS.
All patients
Patients without ACS
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Parameter
n
BMI, kg/m2
P‑value
n
BMI, kg/m2
P‑value
Grade			
0.0027			
G1‑2
328
23.4±3.57		
301
23.6±3.58
G3
175
22.5±3.39		
112
23±3.45
Pathological T stage			
0.0789			
pT1‑2
398
23.3±3.64		
352
23.5±3.65
pT3‑4
105
22.4±3.02		
61
23.0±2.86
Regional lymph node involvement			
0.2167			
Negative
488
23.1±3.52		
405
23.5±3.56
Positive
15
21.6±3.90		
8
23.4±3.35
Distant metastasis			
0.0025			
Negative
446
23.3±3.59		
386
23.5±3.59
Positive
57
21.9±2.78		
27
22.4±2.81
Venous invasion			
0.7709			
Negative
288
23.2±3.85		
261
23.5±3.88
Positive
215
22.9±3.06		
152
23.5±2.92
Growth pattern			
0.0453			
Expansive
334
23.4±3.61		
299
23.5±3.62
Infiltrative
169
22.6±3.34		
114
23.5±3.37
ACS			
<0.0001			
Negative
413
23.5±3.55		
‑
‑
Positive
90
21.5±2.98		
‑
‑

0.0616
0.5415
0.7041
0.0807
0.2139
0.6627
‑

Data are presented as the mean ± standard deviation. ACS, anorexia‑cachexia syndrome; BMI, body mass index.

Figure 1. Kaplan‑Meier curves for overall survival of patients with renal cell carcinoma. (A) Overall survival in all patients stratified by BMI categories.
(B) Overall survival in all patients with or without ACS. (C) Overall survival in patients without ACS stratified by BMI categories. BMI, body mass index;
ACS, anorexia‑cachexia syndrome.

presentation, and 90 patients (17.9%) were considered to have
ACS according to our definition. Of the 503 patients in this
cohort, 424 (84.3%) had clear cell type tumors, 175 (34.8%) had
high‑grade tumors, 398 (79.1%) had pathological T stage 1‑2
tumors, 15 (3.0%) had LN metastasis and 57 (11.3%) had
distant metastasis.
Association of BMI with pathological parameters and clinical
outcome. Lower BMI has been reported to be associated with
aggressive forms of RCC and with shorter survival (9‑13). The

association between BMI and clinicopathological parameters
in our cohort is presented in Table II. In accordance with
the results of previous studies, BMI was significantly lower
in patients with high‑grade tumors (P= 0.0027), patients with
distant metastasis at the time of surgery (P= 0.0025) and
patients having tumors with an infiltrative pattern (P=0.0453).
Kaplan‑Meier curves for OS stratified according to WHO BMI
categories for Asian populations are demonstrated in Fig. 1A.
Patients with a lower BMI had significantly shorter OS than
those with a higher BMI (log‑rank, P=0.0441).

0.0927
0.0002
<0.0001
0.0044
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
0.1248

‑
1.03
1.70
0.98
2.21
2.65
2.78
7.47
1.49
1.02
0.96
‑

‑
1.00‑1.05
0.80‑3.46
0.90‑1.05
1.22‑3.92
1.45‑5.00
1.26‑5.66
4.25‑13.2
0.85‑2.66
0.58‑1.80
0.46‑1.99
‑

OS, overall survival; CSS, cancer‑specific survival; CI, confidence interval; PS, performance status; HR, hazard ratio.

Sex (females/males)
Age (continuous variables)
Eastern Cooperative Oncology Group PS (PS2‑4/PS0‑1)
Body mass index (continuous variables)
Anorexia‑cachexia syndrome (yes/no)
Pathological T stage (pT3‑4/pT1‑2)
Regional lymph node involvement (yes/no)
Distant metastasis (yes/no)
Grade (G3/G1‑2)
Growth pattern (infiltrative/expansive)
Venous invasion (yes/no)
Histological type (clear cell/other)

‑
0.0193
0.1611
0.5440
0.0089
0.0013
0.0129
<0.0001
0.1657
0.9557
0.9084
‑

0.139
0.0053
<0.0001
0.0081
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
0.122

‑
1.02
2.03
0.98
2.03
2.85
3.17
7.46
1.44
1.09
1.78
‑

‑
0.99‑1.04
0.92‑4.35
0.90‑1.07
1.07‑3.78
1.50‑5.63
1.42‑6.58
4.09‑13.8
0.78‑2.72
0.49‑1.69
0.75‑4.48
‑

‑
0.1958
0.0766
0.6804
0.0308
0.0011
0.0062
<0.0001
0.2493
0.7781
0.1949
‑

OS
CSS
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑--‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Multivariate
Multivariate
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Factor
Univariate P‑value
HR
95% CI
P‑value
Univariate P‑value
HR
95% CI
P‑value

Table III. Factors associated with shorter OS and CSS in univariate and multivariate analysis.
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Table IV. Constituent factors of anorexia‑cachexia syndrome associated with shorter OS and CSS in univariate and multivariate
analysis.
OS
CSS
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Univariate
Multivariate
Univariate
Multivariate
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Factor
HR (95% CI) P‑value HR (95% CI) P‑value HR (95% CI) P‑value HR (95% CI) P‑value
Weight loss
11.8 (6.99‑19.5) <0.0001 8.34 (2.38‑28.9) 0.0004 12.5 (7.13‑21.2) <0.0001 8.26 (2.21‑30.5) 0.0009
Hypoalbuminemia 3.86 (2.29‑6.31) <0.0001 1.53 (0.78‑2.90) 0.2111 4.11 (2.36‑6.92) <0.0001 1.60 (0.79‑3.16) 0.1876
Anorexia or malaise 8.37 (4.97‑13.7) <0.0001 1.12 (0.30‑4.04) 0.8721 8.92 (5.12‑15.0) <0.0001 1.16 (0.29‑4.50) 0.8366
OS, overall survival; CSS, cancer‑specific survival; CI, confidence interval; HR, hazard ratio.

Prognostic factors of RCC patients without ACS. It is well
known that patients with RCC and accompanying ACS have
a poor prognosis (14,15). In the present study, the mean BMI
of patients with ACS (21.5 kg/m 2) was significantly lower
than that of patients without ACS (23.5 kg/m 2; P<0.0001;
Table II). OS was significantly shorter in patients with ACS
than it was in those without ACS (log‑rank, P<0.0001;
Fig. 1B). On univariate Cox proportional analysis, both low
BMI and presence of ACS were associated with shorter OS
(P=0.0044 and P<0.0001, respectively; Table III) and shorter
CSS (P= 0.0081 and P<0.0001, respectively; Table III). Also
significantly associated with shorter OS and shorter CSS
on univariate analysis were age (P= 0.0002 and P= 0.0053,
respectively), ECOG‑PS (both P<0.0001), pathological T stage
(both P<0.0001), regional LN involvement (both P<0.0001),
distant metastasis (both P<0.0001), higher tumor grade (both
P<0.0001), infiltration pattern (both P<0.0001) and venous
invasion (both P<0.0001; Table III). On multivariate analysis,
age (P=0.0193), the presence of ACS (P=0.0089), pathological
T stage (P=0.0013), regional LN involvement (P=0.0129) and
distant metastasis (P<0.0001) were independent predictors
of shorter OS; however, BMI was not (P= 0.5440). On multivariate analysis, the presence of ACS (P=0.0308), pathological
T stage (P=0.0011), regional LN involvement (P=0.0062) and
distant metastasis (P<0.0001) were independent predictors of
shorter CSS; however, BMI was not (P= 0.6804). Furthermore,
the impact of BMI on clinicopathological parameters in
patients without ACS was also analyzed. Although in overall
patients BMI was significantly lower in patients with aggressive forms of tumors (high grade, P=0.0027; distant metastasis,
P= 0.0025; infiltrative growth pattern, P= 0.0453; Table II),
in patients without ACS there was no significant association
between BMI and any pathological parameters (Table II).
Additionally, BMI was not associated with OS in patients
without ACS (log‑rank, P=0.4591; Fig. 1C).
Most important constituent factor of ACS associated with
poor prognosis. We analyzed which constituent factor of ACS
was more important for the prediction of poor OS and CSS. On
univariate Cox proportional analysis, all factors were significantly associated with shorter OS (all P<0.0001; Table IV)
and shorter CSS (all P<0.0001; Table Ⅳ). On multivariate
analysis, the presence of weight loss was the only significant
predictor of shorter OS [P= 0.0004; hazard ratio (HR), 8.34;

95% confidence interval (CI), 2.38‑28.9] and shorter CSS
(P=0.0009; HR, 8.26; 95% CI, 2.21‑30.5).
Discussion
BMI has routinely been used as a convenient index of obesity
in several studies, and it has been suggested that increased
BMI is associated not only with increased risk of various
malignant neoplasms, but also with poor survival (2,3,6,7).
Although obesity has been reported to increase the risk of
RCC, a higher BMI is paradoxically associated with improved
survival following nephrectomy (10‑13). Some studies in
the United States have demonstrated that patients who are
overweight (25≤BMI<30 kg/m 2) or obese (BMI≥30 kg/m 2)
are less likely to present features of aggressive tumors (9,13).
In addition, a study by Haferkamp et al (10) indicated that,
in Europe, being underweight (BMI<18.5 kg/m2) at the time
of nephrectomy worsened the prognosis of patients with
RCC more than four‑fold. This tendency is not limited to the
Western world, but is also seen in Asian populations (11,12).
In accordance with previous studies, the present study
demonstrated that a low BMI was significantly associated
with increased tumor aggressiveness and poor survival. The
relationship between low BMI and increased tumor aggressiveness and poor survival, however, was inconsistent with the
relationship between obesity and increased risk of RCC, and
the underlying mechanism remains unknown.
Low BMI in cancer patients could be explained by several
mechanisms. One is decreased weight due to cancer‑related
ACS. Several studies have indicated ACS to be a strong
predictor of poor prognosis in RCC (14,15). ACS is one of
the paraneoplastic symptoms frequently observed in patients
with RCC and is caused by increased secretion of various
cytokines and growth factors from cancer cells, among
which are interleukin‑6, vascular endothelial growth factor
and platelet‑derived growth factor (20‑22). The present study
demonstrated that there was also a significant association
between low BMI and the presence of ACS, and that ACS was
an independent predictor of poor OS and poor CSS; however, it
also demonstrated that BMI was not an independent predictor
of survival. In addition, in patients without ACS, no significant
association was indicated between BMI and pathological
parameters and clinical outcome. These results suggested
that the impact of low BMI on aggressive clinicopathological
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parameters and poor clinical outcome in patients with RCC
could be due to ACS. Haferkamp et al (10) conjectured that
their finding of being underweight to be a poor predictor of
RCC was partially due to cachexia. Their findings are consistent with the present results.
The field of obesity has moved beyond simple measurement of BMI, and the association of nutrition and body
composition with prognosis in RCC is an area of contemporary
interest (23). Although BMI is a simple and useful parameter
of obesity, it does not necessarily reflect excessive adiposity
because it is influenced by the amounts of both muscle and
fat (23). The body fat distribution determined by measuring
the visceral fat area (VFA) and the subcutaneous fat area by
computed tomography (CT) has been used to assess adiposity
not only in screening for cardiovascular events and metabolic
syndrome, but also in monitoring clinical outcome in various
types of cancer (24,25). Visceral and subcutaneous fat have
quite different properties in terms of metabolic activity, sensitivity to lipolysis and insulin‑resistance (26). In particular,
increased visceral fat deposition is strongly associated not
only with increased risk of hyperglycemia, hyperinsulinemia
and cardiovascular events, but also with increased risk of
breast and colorectal cancer (26‑28). The relationship between
VFA and clinicopathological parameters and clinical outcome
in RCC patients has also been investigated; however, the
clinical significance of CT‑estimated VFA in predicting clinicopathological parameters remains controversial (23). The
mechanism of cancer‑related ACS in patients with aggressive
cancer is closely related both to body composition and nutrition. Research has demonstrated that ACS is characterized
by preferential loss of adipose tissue and that in progressive
ACS, body fat is lost more rapidly than lean tissue (29,30).
The clinical value of fat distribution pattern in predicting RCC
progression may be improved by combining the pattern with
the result of ACS assessment, which should be elucidated in
future research.
The present study had some limitations that must be
acknowledged. Firstly, the definition of ACS may include
the impact of factors such as poor psychological health, low
physical activity and low socioeconomic status (31). The
present study used hypoalbuminemia as an index of the
malnutrition in ACS; however, in the evaluation of malnutrition there are individual differences depending on age, sex and
previous medical history. Secondly, the Asian body composition profile differs from that of other races (19), and the
present study used a population comprised only of Japanese
patients. Therefore, the BMI of patients in the present study
may have been different from that of patients in most Western
countries, and we would suggest that this underlying influence,
that is cancer‑related ACS, applies only to Asian populations.
Thirdly, the patient selection was biased as the present study
was a retrospective and single‑hospital study.
Despite these limitations, in conclusion, the results of the
present study demonstrated that BMI is not associated with
tumor aggressiveness and prognosis of RCC when patients
with ACS are excluded, and that the previously reported
association between low BMI and poor prognosis of RCC
could be due to ACS. These results should be validated in
a prospective multi‑institutional study conducted in Asian
nations.
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