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Abstract
Background—The role of malnutrition has not been well studied in patients undergoing surgery
for renal cell carcinoma (RCC).

Objective—Our aim was to evaluate whether nutritional deficiency (ND) is an important
determinant of survival following surgery for RCC.

Design, setting, and participants—A total of 369 consecutive patients underwent surgery for
locoregional RCC from 2003 to 2008. ND was defined as meeting one of the following criteria:
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body mass index <18.5 kg/m2, albumin <3.5 g/dl, or preoperative weight loss ≥5% of body
weight.

Intervention—All patients underwent radical or partial nephrectomy.

Measurements—Primary outcomes were overall and disease-specific mortality. Covariates
included age, Charlson comorbidity index (CCI), preoperative anemia, tumor stage, Fuhrman
grade, and lymph node status. Multivariate analysis was performed using a Cox proportional
hazards model. Mortality rates were estimated using the Kaplan-Meier product-limit method.

Results and limitations—Eighty-five patients (23%) were categorized as ND. Three-year
overall and disease-specific survival was 58.5% and 80.4% in the ND cohort compared with
85.4% and 94.7% in controls, respectively (p < 0.001). ND remained a significant predictor of
overall mortality (hazard ratio [HR]: 2.41, 95% confidence interval [CI], 1.40–4.18) and disease-
specific mortality (HR: 2.76; 95% CI, 1.17–6.50) after correcting for age, CCI, preoperative
anemia, stage, grade, and nodal status. This study is limited by its retrospective nature.

Conclusions—ND is associated with higher mortality in patients undergoing surgery for
locoregional RCC, independent of key clinical and pathologic factors. Given this mortality risk, it
may be important to address nutritional status preoperatively and counsel patients appropriately.
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1. Introduction
Renal cell carcinoma (RCC) is one of the most lethal urologic cancers, and the death rate has
been rising over time despite an increase in early detection and surgical intervention [1].
Although several studies have defined predictors of mortality after nephrectomy to assist
with decision making before surgery, the evaluated factors have generally been
nonmodifiable (eg, age, race, gender, stage, and tumor size) [2–4]. Despite evidence from
other malignancies that preoperative nutritional status may affect patient morbidity and
mortality, the impact of nutritional status on patient outcomes after surgical treatment of
RCC has not been specifically addressed.

Although the precise definition of malnutrition differs widely, multiple studies have
demonstrated a deleterious impact of poor nutritional status on survival after surgery for
gastrointestinal malignancies. Preoperative weight loss, low body mass index (BMI), and
hypoalbuminemia have all been associated with worse outcomes after cancer surgery [5–8],
and nutritional status also predicts higher mortality and length of stay in medical inpatients
[9]. The role of nutritional status in patients undergoing surgery for genitourinary
malignancies has not been well evaluated; however, we have recently shown that nutritional
status is closely associated with survival in patients undergoing radical cystectomy for
bladder cancer [10].

Given the prognostic importance of preoperative malnutrition in surgical patients with other
malignancies and its potentially modifiable nature, the significance of nutritional deficiency
(ND) in patients with RCC remains a key question. We hypothesized that nutritional status
would be associated with worse survival in RCC patients undergoing radical or partial
nephrectomy.
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2. Methods
We performed a retrospective cohort study of 369 consecutive patients who underwent
radical or partial nephrectomy for locoregional RCC from 2003 to 2008. Patients with
distant metastases were excluded; however, patients were not excluded for the presence of
direct adrenal invasion, regional lymph node metastases, or tumor thrombus. All surgeries
were performed at Vanderbilt University Medical Center (Nashville, TN<USA). The
treating physicians determined the follow-up regimen, which included chest/abdominal
imaging as well as laboratory testing at defined intervals. Cause of death was determined by
the treating physicians, death certificate, and/or chart review. Pathologic specimens were
evaluated by a surgical pathologist, with stage and grade determined according to the 2010
American Joint Committee on Cancer guidelines and Fuhrman grading system, respectively.
Clinical, pathologic, and outcome data were collected prospectively and supplemented by
medical record review. Institutional review board approval was obtained for the creation of a
prospective database and retrospective analysis of this patient population.

The primary outcomes were overall and disease-specific survival. Duration of follow-up was
the time from surgery to the date of death or last clinic visit. Patients alive at last follow-up
were censored for overall and disease-specific survival.

We recorded and analyzed clinicopathologic variables including age, gender, race (white vs
nonwhite), Charlson comorbidity index (CCI), preoperative anemia (hematocrit <41 for men
and <36 for women), Fuhrman grade (I–II vs III–IV), pathologic T stage, lymph node status,
tumor histology (clear cell vs non–clear cell), and procedure performed (radical vs partial
nephrectomy). Patients without radiographic or palpable evidence of lymphadenopathy
generally did not undergo lymphadenectomy (Nx) and were grouped with pathologic N0
patients for analysis. Nutritional status information was gathered through medical record
review. Patients were classified into two groups: nutritionally replete (NR) and ND.
Although there is no standard definition for ND, we have previously defined ND as the
presence of one or more of the following factors: preoperative albumin lower than the
institutional-specific normal values (3.5–5 g/dl), unintentional preoperative weight loss ≥5%
within 6 mo, or preoperative BMI <18.5 kg/m2 [10]. When change in weight could not be
verified by chart records, patient-reported weight change was used.

2.1. Statistical analysis
The relationship between nutritional status and clinicopathologic variables was assessed
using chi-square or Fisher exact tests for categorical variables and t test for continuous
variables. Univariate survival analyses were performed using the Kaplan-Meier and log-rank
methods. For the multivariate survival analyses, Cox proportional hazards models for overall
and disease-specific survival were constructed. Those variables found to have a significant
association with overall or disease-specific survival on univariate analysis were included in
the multivariate analysis: age, stage, grade, nodal status, preoperative anemia, and
nutritional status. CCI was also included to control for comorbid conditions. In addition to
assessing ND as a composite variable, a separate analysis of overall survival was performed
using each of the three ND variables. A total of 357 patients (97%) had complete
information for all variables, and these patients were included in the multivariate survival
analyses. All analyses were conducted with Stata v.11 data analysis software (StataCorp,
College Station, TX, USA).

3. Results
The median age of the cohort was 61 yr (interquartile range [IQR]: 52–69 yr), and median
follow-up was 22 mo (IQR: 14–37 mo). The median follow-up for surviving patients was 24
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mo (IQR: 16–38 mo). Table 1 shows the distribution of clinicopathologic variables. By
univariate analysis, anemia, stage, and grade were significantly associated with ND. Only 11
patients (3%) in the overall cohort had lymph node metastases; however, the association
between lymph node status and ND approached statistical significance. Additionally, tumor
diameter was greater in ND patients (6.17 vs 5.15 cm; t test p = 0.009).

Of the 369 patients in the cohort, 85 (23%) met the criteria for ND by having at least one of
the following: preoperative albumin <3.5 g/dl (5.1%), BMI <18.5 kg/m2 (1.5%), and weight
loss ≥5% (17.0%) (Table 2). Seven patients (2%) had two ND factors, and no patients had
three.

There were 61 (16.5%) all-cause mortalities (31 [36.5%] in ND vs 30 [10.5%] in controls)
and 26 (7.3%) disease-specific deaths (16 [19.8%] in ND vs 26 [7.3%] in controls). Three-
year overall survival was 58.5% (95% confidence interval [CI], 43.8–70.5%) for ND
patients and 85.5% (95% CI, 78.8–90.2%) for NR patients (Fig. 1; p < 0.001). Three-year
disease-specific survival was 80.4% (95% CI, 68.8–88.1%) for ND patients and 94.7% (95%
CI, 93.5–98.3%) for nutritionally replete patients (Fig. 2; p < 0.001). On univariate analysis,
predictors of overall mortality were age, stage (overall p < 0.001), grade, anemia, and ND
(Table 3). Predictors of disease-specific mortality by univariate analysis were anemia, stage
(overall p < 0.001), grade, nodal status, and ND (Table 4). On multivariate analysis, ND was
an independent predictor of overall mortality (hazard ratio [HR]: 2.41; 95% CI, 1.40–4.18)
and disease-specific mortality (HR: 2.76; 95% CI, 1.17–6.50) after correcting for age, CCI,
anemia, stage, grade, and nodal status.

We also assessed the three ND criteria without dichotomization. In addition to the
previously listed covariates, albumin and BMI were included as continuous variables, and
weight loss was categorized as none, >5%, or >10%. Weight loss (HR: 1.53; 95% CI, 1.09–
2.15) and albumin (HR: 2.56; 95% CI, 1.30–5.00) were each independent predictors of
overall survival. BMI as a continuous variable was not an independent predictor of overall
survival (HR: 0.97; 95% CI, 0.92–1.03; p = 0.33), although only six patients were
underweight.

4. Discussion
Although the association between nutritional status and mortality after surgery has been
evaluated in other malignancies, few data exist on the impact of nutritional status in patients
undergoing surgery for genitourinary cancers. We showed that ND is independently
associated with both overall and disease-specific survival in patients undergoing radical or
partial nephrectomy for RCC. The magnitude of the association was particularly notable,
with HRs of 2.41 and 2.76 for overall and disease-specific survival, respectively.

These findings are supported by evidence from patients undergoing procedures for
gastrointestinal malignancies, with a number of studies finding an association between
preoperative nutritional status and mortality. A randomized study of neoadjuvant
chemotherapy in patients undergoing surgery for esophageal cancer found weight loss >10%
to be a significant predictor of mortality [5]. In a prospective study of >1400 patients
undergoing colorectal surgery, most for cancer, patients with preoperative weight loss >10%
had a nearly four-fold increased risk of postoperative mortality [6].

Although a number of scoring systems have been proposed for standardized assessment of
nutritional status, we sought to use objective and easily measurable criteria: albumin, weight
loss, and BMI. Many scoring systems include one or more of these objective measures;
however, most include subjective measures as well. In addition, these scoring systems have
generally not yet been validated, and none have gained widespread consensus. The
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Nutritional Risk Screening (NRS) tool, for example, consists of assessments of weight loss,
BMI, food intake, and disease severity [11]. The NRS was prospectively studied in 456
patients admitted for treatment of a urologic malignancy, and 24% were classified at severe
risk of malnutrition based on NRS score, a number comparable with the 23% in our study
[12]. Another tool, the Nutritional Risk Index (NRI), is based on serum albumin and change
in weight [13]. Both NRS and NRI correlate with the rate and severity of perioperative
complications in patients undergoing gastrointestinal surgery [14].

Hypoalbuminemia is an imperfect marker of nutritional status given its long half-life and the
potential impact of systemic factors such as inflammation and stress on serum albumin;
however, it is an easily obtainable measure and correlates well with other markers of
nutritional status [15,16]. Additionally, multiple studies have demonstrated that serum
albumin is an important predictor of postoperative morbidity and mortality [13,17]. As a
marker of protein-energy malnutrition, albumin provides important information that
supplements both BMI and change in body weight. Protein malnutrition can result in edema,
impaired organ function, and immunosuppression, but BMI and weight change may remain
within normal limits and not accurately reflect nutritional status [18,19].

The potential association between nutritional status and survival in patients undergoing
surgery for RCC has not been specifically addressed in prior studies and is not currently
used in any RCC predictive models [20]. There is, however, prior evidence that some
aspects of nutritional status may be important predictors of outcomes in patients with RCC.
In a study aiming to characterize the impact of paraneoplastic effects of RCC, Kim et al [21]
assessed a large number of presenting signs and symptoms in patients undergoing
nephrectomy for localized or metastatic RCC. They found that hypoalbuminemia, weight
loss, anorexia, and malaise were independently associated with disease-specific survival.
Termed cachexia-related findings, these four variables were believed to be indicative of
paraneoplastic tumor activity. In an analysis of just those patients with localized T1 disease,
individuals with at least one of these findings had an increased likelihood of disease-specific
death [22].

In contrast to these studies, to our knowledge ours is the first designed to evaluate the impact
of nutritional status on survival in patients with RCC. In addition to serum albumin, we used
percentage weight loss and BMI to assess preoperative ND more directly. Furthermore,
these criteria carry the important advantage of being objective, easily measured values. We
found that 23% of patients undergoing surgery for locoregional RCC met at least one of
these criteria, with weight loss ≥5% the most frequent indicator of ND. Even after correcting
for other clinicopathologic factors, the magnitude of the association between ND and
survival was large, suggesting this potentially modifiable variable has a substantial impact
on patient outcome. Although both albumin and weight loss were independent predictors of
survival on their own, use of a combined definition of ND that includes all three variables is
a more practical and comprehensive approach to identifying patient risk based on nutritional
status. In addition, anemia was associated with nutritional status, and it was also an
independent predictor of mortality, further supporting the need for a complete clinical and
laboratory evaluation of these patients before surgery.

Although the relationship between nutritional status and mortality after cancer surgery has
been recognized in other malignancies, there are mixed data regarding whether a targeted
intervention such as preoperative nutritional supplementation can improve outcomes in these
patients. A set of European guidelines for surgical patients supports the use of preoperative
nutritional support in the severely malnourished even if it delays surgery [23]. However,
although a number of studies in general surgery patients have found nutritional
supplementation to decrease morbidity in malnourished patients, few have shown a survival
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benefit [24–26]. In patients requiring surgery for RCC who meet the criteria for ND,
consideration of nutritional intervention may be appropriate. Although our data suggest a
potential avenue for improving outcomes in patients with RCC, it remains possible that
nutritional status may be a marker of disease status and not be modifiable. Specifically,
nutritional status may be a systemic inflammatory response marker because a number of
studies have demonstrated a relationship between acute-phase reactants and survival in
patients with RCC. In a meta-analysis, increased C-reactive protein, platelet, and erythrocyte
sedimentation rate levels were all correlated with increased mortality in RCC patients [27].
Other inflammatory indicators associated with RCC outcomes include interleukin-6,
vascular endothelial growth factor, and serum amyloid [27,28]. Further research is needed to
determine the effect of these factors on nutrition and whether they may mitigate any benefit
of nutritional intervention. Only a controlled prospective trial will be able to assess these
questions adequately.

As a single-center retrospective evaluation, this study has important limitations. Median
follow-up was only 22 mo, and complete data were not available from all patients in the
initial cohort. However, we did have complete information on 97% of patients for all
variables, limiting the effect of any potential bias from excluded patients. Additionally,
although we controlled for all available clinically and statistically significant confounders in
our database, unmeasured confounders may have affected the results. In particular,
performance status and patient symptoms at diagnosis were not routinely recorded in this
cohort and therefore could not be included in the statistical model. Finally, there are no
established criteria to evaluate preoperative nutritional status before radical nephrectomy,
and we were limited to a specific set of nutritional parameters. Still, the parameters used
here are common ones in nutritional scoring systems, and they offer the benefit of being
objective and easily obtainable.

5. Conclusions
We found an independent association between preoperative nutritional status and survival
after partial or radical nephrectomy for locoregional RCC. These data suggest a need for
increased awareness of preoperative nutritional status and offer a readily assessable tool for
improving patient counseling before surgery. Prospective studies are needed to confirm and
further understand the impact of nutritional status and potential nutritional intervention in
patients with RCC.

Take-home message

We evaluated 369 patients who underwent surgery for renal cell carcinoma and found a
significant association between preoperative nutritional deficiency and overall and
disease-specific survival. Nutritional intervention may offer a potential avenue for
improving the outcomes of patients undergoing nephrectomy.
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Fig. 1.
Kaplan-Meier analysis of overall survival in nutritionally deficient and nutritionally replete
patients (log rank p < 0.001).
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Fig. 2.
Kaplan-Meier analysis of disease-specific survival in nutritionally deficient and nutritionally
replete patients (log rank p < 0.001).
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Table 2

Distribution of patients by nutritional status variables

Characteristic Strata No. (%)

Albumin <3.5 g/l 20 (5.1)

≥3.5 g/l 339 (87.1)

Body mass index <18.5 6 (1.5)

≥18.5 and <25 91 (23.4)

≥25 and <30 119 (30.6)

≥30 and <40 152 (39.1)

Weight loss >10% 40 (10.3)

5–10% 26 (6.7)

None; <5% 299 (76.9)

Nutritionally deficient – 85 (23.0)

Nutritionally replete – 284 (77.0)
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