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Preoperative serum docosahexaenoic acid level
predicts prognosis of renal cell carcinoma
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Abstract. The recent discovery and clinical development of
targeted agents have expanded treatment options in meta-
static renal cell carcinoma (RCC). However, metastatic RCC
remains a lethal disease. Complete response is rare and treat-
ment with targeted agents eventually fails in the majority of
the patients. Therefore, there is a need for developing a prog-
nostic tool and a novel therapeutic agent for RCC to improve
the follow-up strategy after surgical treatment. Clinical data,
including patient characteristics, serum fatty acid profile,
clinicopathological parameters and clinical outcome, were
obtained from 112 patients with RCC prior to surgical treat-
ment. Preoperative fatty acid levels were grouped according
to patient characteristics, such as performance status, body
mass index or pathological parameters, and were analyzed
using the Mann-Whitney U test. Cancer-specific survival
in the high and low docosahexaenoic acid (DHA) level
groups were compared using the Kaplan-Meier method. Cox
proportional hazards models were applied to determine the
independent prognostic factors associated with shortened
cancer-specific survival. The serum DHA level in patients
with metastasis was significantly lower compared with that
in patients without metastasis (P=0.047). Low serum DHA
level, presence of metastasis and cachexia were independent
predictors of shortened cancer-specific survival in a multi-
variate Cox proportional hazard model (P=0.033, hazard
ratio = 4.43). Patients with a serum DHA Ievel below the
median value exhibited significantly shorter cancer-specific
survival compared with those with a higher serum DHA
level (P=0.008). Thus, according to our results, the preop-
erative serum DHA level may be able to predict the surgical
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outcome of RCC. However, this finding requires validation
by large-scale prospective studies.

Introduction

Renal cell carcinoma (RCC) represents ~3% of all adult
cancers (1). Approximately 30% of RCC patients have meta-
static disease at the time of diagnosis, and another 20-30%
develop metastases after surgical treatment (2). To date, no
specific serum biomarker has been shown to improve the
predictive accuracy of the current prognostic system for
RCC; thus, preoperative prediction of disease progression
after surgery is difficult (3). Developing a specific molecular
biomarker to predict surgical outcome is crucial for eluci-
dating the mechanism underlying metastasis and recurrence
in RCC, resulting in discovery of novel therapeutic agents.
The discovery and clinical development of targeted agents
have expanded treatment options in metastatic RCC.
However, metastatic RCC remains a lethal disease. Complete
response is rare and treatment with targeted agents eventu-
ally fails in the majority of the patients (2,3). Therefore, there
is an urgent need for developing a prognostic tool and a novel
therapeutic agent for RCC.

The omega-3 fatty acids (FAs), including a-linolenic
acid (ALA), eicosapentaenoic acid (EPA) and docosahexae-
noic acid (DHA), are long-chain polyunsaturated FAs with the
first double bond on the third carbon from the methyl end of
the chain. Omega-3 FAs are essential nutrients that cannot be
synthesized in the body and must be obtained from the diet.
EPA and DHA are abundant in fish oil (4) and fish oil supple-
ments and fatty fish, such as salmon and tuna, are particularly
rich sources of FAs, which are important dietary components
for health maintenance and disease prevention. Increased
consumption of omega-3 FAs has been shown to be associated
with a lower incidence of various types of cancer, including
colon (5), breast (6,7) and prostate cancer (6,7). Omega-3 FAs
have been shown to exert a variety of antitumor effects, such
as antitumor angiogenesis (8), induction of cancer cell apop-
tosis (9), inhibition of tumor invasion and metastasis (10,11),
and attenuation of signaling pathways (12). The antitumor
effects of omega-3 FAs have been suggested by clinical reports
demonstrating that higher intakes of EPA and DHA reduced
the risk of mortality in women treated for breast cancer (13,14).
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The administration of DHA during anthracyclin-based
chemotherapy against metastatic breast cancer improved the
outcome of chemotherapy, suggesting that omega-3 FAs may
be effective adjuvants (15).

In the present study, we investiagted the serum DHA level
in RCC patients and evaluated the effect of DHA level on
pathological parameters and surgical outcome.

Patients and methods

Patients. A total of 112 patients who underwent surgical treatment
for RCC at the National Defense Medical College (Tokorozawa,
Japan) between July, 2003 and April, 2009 were included in this
study. The characteristics of the patients examined are summa-
rized in Table I. Cachexia is defined as a condition with weight
loss and/or hypoalbuminemia (<3.8 mg/dl) and/or anorexia
and malaise prior to surgical treatment. Clinical staging was
performed according to the 2009 TMN staging system, using
computed tomography (CT) scans of the chest, abdomen and
pelvis. All tumor tissues were evaluated in terms of pathological
staging and histological grading according to the TNM and the
2004 WHO classification of the renal tumors of the adults (16).
Disease progression was defined as evidence of recurrence or
metastasis on periodic CT of the chest, abdomen and pelvis,
or physical examinations. This study was conducted following
permission of the Ethics Committee of our institute.

Serum FA profile. The levels and distribution profile of FAs in
serum samples collected in the morning of the day of operation
were measured by a transesterification method described previ-
ously (17). In brief, FA methyl esters were chromatographed on a
30x0.25 mm internal diameter DB-23 column (J&W Scientific,
Santa Clara, CA, USA), with a film thickness of 0.25 mm and
a cyanopropyl/polysiloxane phase. Analysis was performed on
a Dani 3800 GC programmed temperature vaporizer system
(the injector temperature was raised from 50 to 250°C within
9-50 sec) equipped with a flame ionization detector (detector
temperature, 260°C) and a Shimadzu C-R1B integration unit
(all from Shimadzu, Kyoto, Japan). The carrier gas was helium,
flowing at 3 ml/min. The injected sample volume was 1 ml and
the split rate was 1:10 (solvent split). The column temperature
was increased from 130 to 240°C at 2°C/min. The peak quan-
tification was based on peak area comparison with the internal
standard (17:0,100 mg). The concentration of DHA as well as
the proportion of DHA as a percentage of the total FA content
were indicated. We examined the proportion as well as the
concentration of the serum DHA in preoperative patients, as
both have been shown to be significant predictors in patients
with breast cancer or neuroblastoma (15,18).

Statistical analysis. The results are expressed as mean
value + standard error for three independent experiments. The
Mann-Whitney U test was used to compare the serum levels
of the FA profile in different groups. Cancer-specific survival
was evaluated by the Kaplan-Meier method, and survival
differences were compared using the log-rank test. Univariate
and multivariate Cox proportional hazards models were used
to assess the effect of independent predictors on time-to-event
outcomes. P-values <0.05 were considered to indicate statisti-
cally significant differences.

Table I. Patient characteristics prior to surgical treatment.

Characteristics No. %
Age, years
Mean (median) 61.2 (63)
Range 36-82
Gender
Male 88 78.57
Female 24 2143
pT stage
Tla 50 44 .64
Tlb 31 27.68
T2a 10 8.93
T2b 2 1.79
T3a 6 5.36
T3b 12 10.71
T3c 0 0.00
T4 1 0.89
N stage
NO 111 99.11
N1 1 0.89
M stage
MO 97 86.61
M1 15 13.39
Histological subtype
Clear cell 105 93.75
Chromophobe 4 3.57
Papillary 3 2.68
Treatment
Radical 97 86.61
Partial 15 13.39
Results

Preoperative FA levels and clinicopathological characteris-
tics. The patient characteristics are summarised in Table I. Of
the 112 patients, 81 presented with locally confined disease
(T1-2), while 31 presented with locally advanced disease
(T3-4). Of the 112 patients, 97 had no metastasis (M0), whereas
15 presented with metastasis (M1). Radical nephrectomy was
performed in 97 cases and partial nephrectomy was performed
in 15 cases. We first analyzed the associations between clini-
copathological parameters and the serum level of omega-3 FAs
in serum FA composition (Table IT). The mean level of ALA in
patients with T1-2 disease was significantly higher compared
with that in patients with T3-4 disease (P=0.02). The mean
level of DHA in patients without any metastasis (NOMO) was
significantly higher compared with that in patients with meta-
static disease (N* and/or M*, P=0.047).

Preoperative serum DHA levels and clinical outcome.
Cancer-specific survival for patients stratified by preopera-
tive serum DHA level is shown in Fig. 1. The 112 patients
were divided into two groups depending on whether
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Table II. Association between serum omega-3 FA levels and pathological parameters.

Parameters No. n-3 PUFA (%)  P-value ALA (%) P-value EPA (%) P-value DHA (%) P-value

Gender 0.093 0.248 0.046 0.274
Male 88 6.84+0.22 0.71+£0.02 2.17+0.10 3.95+0.14
Female 24 6.02+0.43 0.66+0.04 1.74+0.19 3.62+0.26

ECOG PS 0.258 0.323 0.335 0.324
0-1 106 6.71+0.21 0.71+0.02 2.10+£0.09 3.91+0.13
>2 6 5.70+0.86 0.62+0.08 1.71+0.39 3.37+0.53

BMI, kg/m? 0.639 0.285 0.288 0.886
<23 59 6.75+0.28 0.68+0.03 2.17+0.13 3.89+0.17
>23 53 6.56+0.29 0.72+0.03 1.98+0.13 3.86+0.18

Cachexia 0.345 0.159 0.649 0.325
Absent 103 6.71£0.21 0.71£0.02 2.09+£0.09 3.91+0.13
Present 9 6.02+0.71 0.6120.07 1.94+0.32 347043

T stage 0.383 0.02 0.783 0.383
T1-2 93 6.74+0.22 0.72+0.02 2.09+0.10 3.93+0.13
T3-4 19 6.27£0.49 0.61+0.04 2.02+0.22 3.64+0.29

Tumor necrosis 0.121 0.087 0.246 0.157
Negative 74 6.88+0.25 0.72+0.02 2.1620.11 4.00+0.15
Positive 38 6.22+0.34 0.66+0.03 1.93+0.16 3.64+0.21

Metastasis 0.074 0.798 0.222 0.047
NOMO 97 6.80+0.21 0.70+0.02 2.13+0.09 3.97+0.13
N* and/or M* 15 5.75+0.54 0.69+0.05 1.79+£0.25 3.26+0.33

Grade 0.374 0.537 0.494 0.392
G1-2 72 6.79+0.25 0.71+0.02 2.13+0.11 3.95+0.15
G3 40 6.42+0.34 0.69+0.03 1.99+0.15 3.74+0.20

Venous invasion 0.164 0.126 0.372 0.167
Negative 65 6.89+0.26 0.7320.02 2.15+0.12 4.02+0.16
Positive 47 6.33+0.31 0.67+0.03 1.99+0.14 3.68+0.19

Histology 0.419 0.924 0.691 0.309
Clear cell 105 6.62+0.21 0.7020.02 2.07+£0.09 3.84+0.13
Others 7 7.29+0.80 0.71£0.08 2.22+0.36 4.36+0.49

Values are presented as mean + standard error. PUFA, polyunsaturated fatty acids; ALA, a-linolenic acid; EPA, eicosapentaenoic acid; DHA,
docosahexaenoic acid; ECOG PS, Eastern Cooperative Oncology Group performance status; BMI, body mass index.

their DHA levels were above or below the median value
and a survival curve for each group was generated. The
cancer-specific survival of patients with a serum DHA
level below the median value was significantly shorter
compared with that in patients with a DHA level above the
median value (P=0.008; Fig. 1A). The effect of DHA level
on the progression-free survival of the 97 patients without
metastasis was evaluated by dividing the patients into two
groups depending on whether their DHA levels were above
or below the median value and a survival curve for each
group was generated. The progression-free survival of
patients with a serum DHA level below the median value
was shorter compared with that in patients with a serum
DHA level above the median value; however, the differ-
ence was not significant (P=0.144; Fig. 1B). Other factors
shown by univariate analysis to be predictive of shortened
cancer-specific survival were cachexia (P<0.0001), more

advanced tumor stage (pT3-4; P=0.0003), presence of tumor
necrosis (P=0.002), higher tumor grade (grade 3; P=0.0032),
presence of metastasis (N* and/or M*; P<0.0001, Table III)
and low DHA level (P=0.0051). However, the multivariate
Cox proportional hazards analysis of these significant prog-
nostic factors revealed that cachexia (P=0.014), metastasis
(P=0.023) and low DHA level (P=0.033) were independent
predictors of shortened cancer-specific survival (Table III).

Discussion

Using the Cox proportional hazards model, we demonstrated
that the preoperative low DHA level was one of the indepen-
dent predictors of shortened cancer-specific survival in RCC
patients who underwent surgical treatment. Furthermore, the
DHA level in patients with metastatic disease was found to
be significantly lower compared with that in patients without
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Figure 1. (A) Cancer-specific survival according to serum DHA level in patients with renal cell carcinoma. (B) Progression-free survival according to serum

DHA levels in patients without metastatic disease. DHA, docosahexaenoic acid.

Table III. Risk factors for cancer-specific survival by univariate and multivariate analyses of Cox proportional hazards model.

Univariate analysis

Multivariate analysis

Factors P-value P-value HR 95% CI
Cachexia (positive) <0.0001 0.014 6.29 1.48-28.37
T stage (T3-4) 0.0003 0.21 2.52 0.58-10.35
Tumor necrosis (positive) 0.002 0.644 1.46 0.29-7.45
Grade (G3) 0.0032 0.981 1.02 0.16-6.39
Metastasis (N* and/or M*) <0.0001 0.023 471 1.23-23.76
DHA level (lower than median) 0.0051 0.033 443 1.11-30.25

HR, hazard ratio; CI, confidence interval; DHA, docosahexaenoic acid.

metastatic disease. To the best of our knowledge, this is the
first report showing a association between serum DHA levels
and pathological parameters and clinical outcome following
surgical treatment in patients with RCC.

Although it has not been elucidated whether the low preop-
erative DHA level is a reason or a consequence of metastatic
disease, resulting in poor cancer-specific survival, there is
accumulating evidence indicating that DHA inhibits carcinogen-
esis (4), inflammation (19), angiogenesis (8) and metastasis (10)
in animal and in vitro studies. It has been reported that serum
levels of omega-3 FAs in patients with pancreatic cancer, lung
cancer, or NHL are lower compared with those in healthy
controls (20,21). Moreover, pancreatic cancer or NHL patients
with more advanced clinical stages have lower levels of serum
omega-3 FAs (21,22). In our study, there was a significant
association between the presence of metastasis and decreased
serum DHA level. DHA has been shown to reduce metastasis
in animal experimental models (10,11). DHA has been shown
to prevent the migration and invasion of human MDA-MB-231
mammary cancer cells in vitro, and a DHA-rich fish oil diet
prevents bone metastasis from breast cancer by reducing the
expression of CD44, which has been identified as a molecular
signature of cancer stem cells (10). A recent study has demon-
strated that DHA inhibited vascular endothelial growth factor
(VEGF)- and fibroblast growth factor-2-induced angiogenesis,
and suppressed primary tumor growth and metastasis in the
Lewis lung carcinoma mouse model (11). These studies raise
the possibility that reduced DHA level may lead to progression

of metastasis in patients with RCC, or that increased DHA level
may lead to suppression of metastasis.

The effect of DHA on tumor angiogenesis is pivotal,
since the hypervascularity, sustained by tumor angiogenesis,
is a hallmark of RCC. Current advances in the treatment of
metastatic RCC, supported by a better understanding of the
RCC biology, are focused on anti-angiogenesis. Although
metastasis remains poorly understood, angiogenesis is crucial
for the metastatic process. During metastatic dissemination, a
cancer cell develops from the proximal tubules and promotes
angiogenesis to feed itself and to enter the microvasculature.
A cancer cell that survived the immune system translocates
through the bloodstream to the microvessels of distant tissues,
exits the bloodstream and colonizes in the distant tissues,
where angiogenesis is promoted to feed colonized tumor cells
and help them proliferate. Hypervascularity is prominent in
both primary and metastatic lesions on enhanced CT. RCCs
tend to spread either by direct invasion through the renal
capsule into the perinephric fat, or by direct extension into the
renal vein. Staging of RCC takes into account the presence of
renal vein involvement and the prognosis of T3 disease with
the presence of renal vein involvement is worse compared
with that of T2 disease (23). Angiogenesis is a hallmark of
the RCC biology and DHA possesses a variety of anti-angio-
genic properties. First, n-3 FAs, including DHA, inhibit the
biosynthesis of arachidonic acid-derived eicosanoids, which
have pro-inflammatory properties, to promote tumor angio-
genesis (4). Eicosanoids produced from n-6 FAs (arachidonic
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acid) stimulate inflammation and tumor angiogenesis, while
eicosanoids produced from n-3 FAs, such as EPA and DHA,
are anti-inflammatory and do not stimulate angiogenesis.
Second, epoxy metabolites of DHA, which are lipid mediators
produced by cytochrome P450 epoxygenases, inhibit angiogen-
esis and metastasis (11). Finally, it was suggested that n-3 FAs
exert potent anti-angiogenic effects by inhibiting the produc-
tion of angiogenic mediators, such as VEGF, platelet-derived
growth factor, platelet-derived endothelial growth factor,
cyclo-oxygenase 2, prostaglandin E2, nitric oxide, nuclear
factor kB, matrix metalloproteinases and (3-catenin (8).

It is also possible that the low DHA level is the result of
metastasis or poor cancer-specific survival, resulting in cancer
cachexia, which is one of the most common paraneoplastic
syndromes associated with RCC. Cachexia is a complex
metabolic syndrome associated with underlying illness and
characterized by loss of muscle, with or without loss of fat
mass (24). Anorexia, inflammation, insulin resistance and
increased muscle protein breakdown are the most prominent
clinical characteristics of cachexia. DHA is an essential nutrient
that cannot be synthesized in the body and must be obtained
from the diet. The decreased DHA level in patients with
metastasis in this study may be the result of cancer cachexia
accompanied by anorexia or lipid metabolism changes, similar
to those described in patients with pancreatic cancer (22).

This study has several limitations. First, it was a case-control
study including only 112 patients; thus, our results require confir-
mation by a large randomized control prospective trial. Second,
the mechanism underlying the association between low DHA
level and metastatic disease or poor cancer-specific survival
was not elucidated in this study. We are currently investigating
the antitumor effects of DHA, such as antitumor migration and
invasion or anti-angiogenesis, to determine whether low DHA
level is a causative factor in metastatic disease and shortened
cancer-specific survival. However, even with these limitations,
our study strongly suggests that DHA may be a useful biomarker
to predict prognosis of patients with RCC.

In conclusion, we herein demonstrated that the serum DHA
levels in RCC patients with metastasis were lower compared
with those in patients without metastasis. In addition, low
serum DHA level was an independent predictor of shortened
cancer-specific survival in a multivariate Cox proportional
hazard model. Our results suggest that the serum DHA level
may be a useful biomarker to predict prognosis in patients with
RCC and personalize follow-up strategy.
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