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Background

Despite advances in medicine, an increase in morbidity and 
mortality in renal cell cancer is still observed. The diversity of 
renal cell cancer does not allow unambiguous determination 
of prognosis. Given that 30% of patients with renal cell can-
cer confined to the organ after surgical treatment will devel-
op disseminated disease, it is important to search for prognos-
tic factors. Several nomograms were developed for predicting 
the potential recurrence and cancer death risk in long-term 
follow-up for both metastatic and local disease [1–5]. They 
are based mainly on the TNM classification. Molecular fac-
tors have not found so far had wider application due to the 
difficulty and cost of their determination. It seems that the 
combination of TNM classification and appropriately selected 
clinical classifiers could allow for the creation of simple and 
effective risk calculators.

Some studies have suggested that thrombocytosis, which can 
be defined as a platelet count (PTL) >400 000/µL, is a negative 
predictive factor for survival among patients with metastatic 
renal cell cancer. The purpose of this study was to determine 
if the PLT correlates with survival in patients with metastat-
ic renal cell cancer as an independent prognostic factor and 
how it correlates with other well-known factors. In addition, 
serum sodium is a readily available, easily obtained, and rou-
tinely measured laboratory test. Recently, the predictive and 
prognostic role of low serum sodium has been recognized. It is 
known that hyponatremia is associated with poor outcomes in 
several medical conditions like liver cirrhosis, congestive heart 
failure, and infectious diseases as pneumonia, childhood men-
ingitis, and necrotizing soft-tissue infection. Moreover, hypo-
natremia has recently been associated with poor overall sur-
vival in hepatocellular carcinoma, gastric cancer, and small cell 
lung cancer. In renal cell cancer, low serum sodium level has 
recently been associated with lower disease free and overall 
survival after nephrectomy.

The aim of this study was to analyze preoperative blood cell 
count parameters, serum sodium, and creatinine as indepen-
dent risk factors of metastasis, local recurrence, and cancer 
specific survival in renal cell cancer; and to identify groups of 
patients at high risk of metastasis, local recurrence, and can-
cer specific survival based on the aforementioned parameters 
and tumor staging.

Material and Methods

The study was retrospective and used the medical records of 
397 patients who underwent surgery due to kidney tumors 
at our center between the 2000 to 2006. During the five-year 
follow-up period, of the 397 patients, 230 patients with the 

postoperative diagnosis of non-metastatic renal cell carcino-
ma were enrolled in this study. The median follow-up was 
3.98±0.99 years.

All patients in the study group underwent routine laboratory 
tests to qualify for their surgery at the time of admission to 
the hospital. Among the routine tests, the basic parameters of 
blood count, serum creatinine, and sodium were selected for 
our analysis. The study did not examine the documentation of 
patients with comorbidities that may have a direct impact on 
the analyzed parameters. We analyzed the data of histopath-
ological material: histology, TNM, size and location of the re-
moved tumor, and the positive margin in the case of the neph-
ron sparing surgery (NSS). Histopathological tumor grade was 
rated according to the abbreviated three-grade Fuhrman scale. 
To determine clinical stage, data were analyzed according to the 
TNM classification available from 2010. This study was an at-
tempt to determine whether any of the tested parameters could 
be used to assess the prognosis of kidney cancer so that a group 
of patients that require special oncological surveillance could 
be selected. All the information gathered were analyzed in re-
lation to local recurrence, metastasis, and tumor-specific death.

Statistical analysis was performed using the program R [R Core 
Team (2012)]. The method of explaining the probability with 
which examined factors may contribute to the occurrence or not 
of an event (metastasis, recurrence or death) within 5-years of 
follow-up was based on the assumptions of logistic regression 
with an indication of the odds ratio. Based on the detected in 
multivariate logistic regression features coexisting with recur-
rence and death, a multidimensional classification of patients 
was performed, for which a taxonomic method “Wroclaw” was 
used that uses the metric taxonomic Marczewski-Steinhaus 
distance. The obtained two groups were compared based on 
the Wilcoxon and Student’s t-test. For all the tests, a statisti-
cally significant P value <0.05 was assumed.

The examination protocol was approved by the Bioethical 
Commission of Medical University of Silesia in Katowice, Poland, 
decision number KNW/0022/KB215/12.

Results

The study group included 123 males and 107 females. The av-
erage age was 60.9±10.5 years. Tumor size was 6.8±4.1 cm. 
Eighty-nine patients underwent NSS with mean tumor size of 
4.16 cm, and 141 patients underwent radical nephrectomy 
with mean tumor size of 7.9 cm. Local recurrence during fol-
low-up occurred in 25 patients (10.8%) and distant metastases 
were found in 22 patients (9.5%). Tumor-specific death was 
reported in 6 cases after NSS (2.6%) and in 43 cases (18.6%) 
after radical nephrectomy. In 7 patients with local recurrence 
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(5 after nephrectomy and 2 after NSS) surgical removal of lo-
cal recurrence was performed; despite this, in these patients, 
progression of the disease was observed. There was an al-
most identical distribution of neoplastic changes, taking into 
account the operated side, with 113 right kidneys and 117 left 
kidneys. We also evaluated the anatomical location of the tu-
mor. The most frequently observed tumors were located on 
the dorsal side, followed by the lower pole and the upper pole. 
In the central part of the kidney, 7 tumors were detected. The 
lowest clinical stage T1 was observed in 112 patients (T1a in 
48 patients, T1b in 64 patients), T2 in 60 patients (T2a in 33 
patients, T2b in 27 patients), T3 in 54 patients (T3a in 50 pa-
tients, T3b in 4 patients) and the most advanced type of can-
cer, T4 was found in 4 patients.

The statistically significant results obtained in univariate anal-
ysis are presented in Table 1.

In terms of a single interaction of risk factors, we can say that 
the location of the tumor had a strong statistical relation-
ship with the occurrence of metastasis. In reference to “the 
C” location (centrally located tumors), all other positions (i.e., 
the “L”, lower pole, the “U”, upper pole, and the “D”, dorsal) 
there was a significant decrease in the chance of metastasis 
of cancer to almost minimum. This is probably related to a 
better penetration of tumor cells into the lumen of the small 
vessels. While interpreting this last result, a relatively small 
number of patients in the reference group must be considered 
and therefore its accuracy should be assessed carefully. The 
given result may be more helpful in identifying trends in the 
risk of metastasis. The obtained results indicated that with 
increased grading of the tumor (T) the risk of metastasis in-
creases; in patients differing in one level of sophistication, e.g., 
T1a relative to T1b, differs in approximately 70%, and cancer 
specific mortality 85%. When the platelet count (PLT) was in-
crease by 10 thousand/µL, the risk of metastasis was higher 
by (1.00510–1)*100%=5%, and the recurrence and death by 
10%. Furthermore, the increase of sodium level in serum of 2 
units resulted in a statistical decrease in the risk of metasta-
sis by about (1–0.882)*100%=23%, the risk of local recurrence 
by 31%, and specific mortality by 39%. On the basis of these 
results, it should also be noted that with increasing levels of 
hemoglobin, hematocrit, mean red blood cell volume, the av-
erage weight of hemoglobin by 2 units, the risk of local recur-
rence drops respectively for individual factors by: 56%, 22%, 
22% and 32%. The same increase in the aforementioned pa-
rameters resulted in a decrease in the risk of cancer specif-
ic mortality by 53%, 20%, 22%, and 36%, respectively. More 
than 3 times higher risk of local recurrence and 10 of specific 
mortality for patients with the presence of cancer cells in the 
regional lymph nodes. Death due to kidney cancer occurred 
more than 11 times more often in patients with known dis-
tant metastases at the time of diagnosis.

Feedback (interplay) of investigated risk factors occurs in the 
case of multivariate logistic regression. The results of this anal-
ysis are presented in Table 2. No interaction was observed in 
the range of examined characteristics in the case of metas-
tasis. This analysis showed that the analyzed individual mor-
phology parameters (except PLT) were not as important as bio-
chemical parameters or data on the tumor itself.

A multidimensional classification of patients performed on the 
basis of the detected in multivariate logistic regression fea-
tures coexisting with recurrence and death allowed us to single 
out the “families” of the patients on the basis of the analyzed 
risk factors. Figures 1 and 2 represent suitable recurrence and 
death correlation characteristics classification dendrograms.

Two main types of patients were distinguished for the charac-
teristics interdependent with recurrence and with death. The 
results of the statistical analysis based on the Wilcoxon test 
and the Student’s t-test (for the median and average), belong-
ing to the thus determined types of patients are presented (af-
ter prior identification) in Table 3.

The results of Wilcoxon and T-Student statistical tests shown 
in Table 3 demonstrate the significance of differences be-
tween median and average groups of patients for all risk fac-
tors correlative with recurrence and deaths. In the case of the 
characteristics coexisting with recurrence in patients, typical-
ly two groups occur predominantly in these cancer patients. 
They are characterized as follows: for severity of the disease 
(according to the TNM scale), relatively low risk was T1b and 
high risk was T3a; for PLT, relatively lower risk was about 230 
units, and relatively high risk was about 280 units; for sodi-
um concentration, relatively high risk with an average of 143.4 
units and lower risk about 140.6 units.

There was a statistically significant difference in both groups 
in the fraction of patients who develop recurrence; group 1 
(low risk) was characterized by a minimum number of patients 
with recurrence within 5-years of follow-up, which was 2.8%, 
while in the case of patients in group 2 (high risk), such events 
were recorded 19.2%.

A similar conclusion was made for the coexistence of death 
characteristics, obtaining two groups of patients differing sta-
tistically with regards to tumor-specific death in the postopera-
tive follow-up period. The first group (low risk), the percentage 
of deaths was 10.9%, characterized by the following parame-
ters: T2a, the absence of metastases, preoperative creatinine 
level of 85.6 µmol/L and the value of PLT of 227.0×103. The 
second group (high risk) where the tumor-specific death oc-
curred in 41.4% of patients characterized by: T3a, the presence 
of metastases in the lungs (M), serum creatinine before treat-
ment level of 97.9 µmol/L, and the value of PLT of 299.5×103.
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AE AP OR CI 95% P-value

Metastasis Tumor location – C 1.00 Refer.

	 – L 0.07 (0.012; 0.426) 0.0039

	 – U 0.062 (0.009; 0.408) 0.0039

	 – D 0.128 (0.025; 0.644) 0.0127

T 1.7 (1.26; 2.28) <0.001

PLT [thous/µL] 1.005 (1.001; 1.009) 0.024

Na [mmol/L] 0.88 (0.81; 0.95) 0.002

Recurrence Tumor size 1.11 (1.03; 1.19) 0.012

G 3.3 (1.43; 7.63) 0.006

T 1.57 (1.2; 2.05) <0.001

N 4.74 (1.66; 13.51) 0.008

HGB [g/dL] 0.66 (0.53; 0.83) <0.001

HCT [%] 0.88 (0.79; 0.99) 0.035

MCV [fL] 0.88 (0.83; 0.94) <0.001

MCH [pg] 0.82 (0.71; 0.94) 0.007

PLT [thous/µL] 1.01 (1.01; 1.02) <0.001

Na [mmol/L] 0.83 (0.77; 0.9) <0.001

Death NSS/NF 3.99 (1.63; 9.77) <0.001

Tumor size 1.16 (1.08; 1.25) <0.001

G 3.29 (1.72; 6.3) <0.001

T 1.85 (1.48; 2.31) <0.001

N 11.2 (4.38; 28.64) <0.001

M 12.46 (3.73; 41.65) <0.001

CREA [µmol/L] 1.01 (1; 1.02) 0.018

HGB [g/dL] 0.68 (0.57; 0.82) <0.001

HCT [%] 0.89 (0.81; 0.97) 0.006

MCV [fL] 0.88 (0.84; 0.93) <0.001

MCHC [g/dL] 0.83 (0.72; 0.96) 0.014

MCH [pg] 0.8 (0.71; 0.9) <0.001

RDW [%] 1.19 (1.03; 1.37) 0.019

PLT [thous/µL] 1.01 (1.01; 1.02) <0.001

MPV [fL] 0.64 (0.52; 0.8) <0.001

Na [mmol/L] 0.78 (0.72; 0.85) <0.001

Table 1. �Monodimensional logistic regression: all statistically significant parameters predictive of metastasis, recurrence, and death 
specific for kidney cancer within five-years of observation.

LR – logistic regression; AE – adverse event; AP – analyzed parameters; OR – odds ratio; CI – confidence interval; Location C – a 
central location of the tumor; Location l – tumor in the lower pole of the kidney; Location U – a tumor in the upper pole of the kidney; 
Location D – a tumor in the dorsal part of the kidney; T – tumor scale; G – Fuhrman scale; PLT – platelets count; HGB – hemoglobin 
level; HCT – hematocrit; MCV – mean corpuscular volume; MCHC – mean corpuscular hemoglobin concentration; MCH – mean 
corpuscular hemoglobin; RDW – red blood cell distribution width; MPV – mean platelet volume; NSS – nephron-sparing surgery; 
NF – nephrectomy; Na – preoperative sodium concentration; M – metastases; CREA – preoperative creatinine concentration.
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Discussion

Erythropoietin (EPO) is the principal regulator of erythropoi-
esis in the tissues involved in the production of erythrocytes. 
In other tissues, especially in tumor cells, it inhibits apoptosis, 
promotes angiogenesis, and promotes cell proliferation. Many 
studies have confirmed the over-expression of EPO and its re-
ceptor (EPOR) in clear cell renal carcinoma. Predictive value of 
this remains still an unsolved problem [6–8].

It seems that in patients with renal cell carcinoma polycythe-
mia this should be observed. As practice shows, this is not hap-
pening. Despite the increased expression of EPO and EPOR, 
up to 35% of patients with RCC develop anemia and only 1% 
to 5% develop paraneoplastic polycythemia. Weak activity of 
EPO produced by the tumor, and the low sensitivity to this 
factor of the tissues involved in the production of blood is 
the main explanation. An important role may also be played 
by low level and abnormal iron metabolism. Increase in in-
flammatory agents and antibodies that occurs during neopla-
sia may contribute to hemolysis by autoimmunity. This study 

LR AE AP OR CI 95% P-value

Multivariate Metastasis Not found

Recurrence T 1.37 (1.02; 1.83) 0.035

PLT [thous/µL] 1.0079 (1.0029; 1.013) 0.001

Na [mmol/L] 0.9 (0.82; 0.99) 0.032

Death T 1.5 (1.09; 2.06) 0.01

M 16.05 (3.37; 76.33) <0.001

CREA [µmol/L] 1.02 (1.00; 1.04) 0.03

PLT [thous/µL] 1.01 (1.01; 1.02) <0.001

Table 2. Multivariate logistic regression: statistically significant risk factors for recurrence and death, tumor specific.

LR – logistic regression; AE – adverse event; AP – analyzed parameters; OR – odds ratio; CI – confidence interval; T – tumor scale; 
PLT – platelets count; Na – preoperative sodium concentration; M – metastases; CREA – preoperative creatinine concentration.
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Figure 1. �Patients taxonomic dendrogram based on the tumor stage, the number of platelets, and the serum sodium concentration 
(LR – low risk; HR – high risk).
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demonstrated that lowering the values of the blood cell pa-
rameters below a specified cutoff point, except anisocytosis, 
resulted in increased risk of tumor-specific death during the 
5-year follow-up period. Reduced value of preoperative hemo-
globin, hematocrit; mean corpuscular volume, and mean cor-
puscular hemoglobin also predisposed patients to early re-
currence of cancer.

Thrombocytosis in renal cell carcinoma is likely to be associated 
with the endocrine activity of tumor cells. Production of many 

types of cytokines, including IL-6, IL-11, thrombopoietin, gran-
ulocyte macrophage colony stimulating factor (GM-CSF) results 
in an increased production of thrombocytes. IL-6 plays a role 
by stimulating the maturation of megakaryocytes that stimu-
lates platelet production [9]. The platelets may also affect tumor 
growth by producing growth factors such as VEGF, PDGF, hepa-
tocyte growth factor, thrombospondin, or endostatins [10,11].

Karakiewicz et al. revealed in single and multivariable anal-
yses that preoperative anemia and thrombocytosis correlate 

AE AP Stat. test P-value LR HR

Recurrence T W=333 <0.0001 1b 3a

PLT [thous/µL] t=–4.2539 <0.0001 231.5 278.9

Na [mmol/L] t=4.6661 <0.0001 143.4 140.6

OR W=7694 <0.0001 2.8% 19.2%

Death T W=7691 <0.0001 2a 3a

M W=5236 <0.0001 0.0% 20.5%

CREA [µmol/L] t=–4.2098 <0.0001 85.6 97.9

PLT [thous/µL] t=5.4487 <0.0001 227.0 299.5

OR W=5654 <0.0001 10.9% 41.1%

Table 3. Multidimensional classification of patients into low risk and high risk of recurrence and death due to specific RCC.

AE – adverse event; AP – analyzed parameters; OR – odds ratio; T – tumor scale; PLT – platelets count; Na – preoperative sodium 
concentration; LR – low risk; HR – high risk; CREA – preoperative creatinine concentration.
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Figure 2. �Patients taxonomic dendrogram based on clinical stage of cancer, metastases, serum creatinine before treatment, and 
platelet counts (LR – low risk; HR – high risk).
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with the increase of cancer specific mortality. The predictive 
value of these parameters (0.3%) was, however, lower than 
the factors associated with the tumor parameters or patient 
ECOG scale [12].

Our analyses showed that the increase in PLT was a nega-
tive prognostic factor in patients undergoing surgery for re-
nal cell carcinoma. Statistical significance was confirmed in 
single and multidimensional analyses. In addition, the predic-
tive value of the volume of platelets was confirmed to have 
statistical significance.

In many cases, patients with renal tumors develop a decrease 
in glomerular filtration rate. This is due to renal parenchyma 
damage caused by the expanding tumor mass. Prognostic val-
ue in estimated glomerular filtration rate decline (eGFR) asso-
ciated with tumor size was also reported by Donin et al. [13].

A small number of publications have confirmed the predictive 
value of preoperative serum sodium levels in patients with 
kidney cancer. Single and multidimensional analysis confirm 
that the concentration of sodium <136 mmol/L correlates with 
short-term survival, as well as low response to immunomod-
ulatory therapy of patients with renal cell carcinoma [14,15]. 
Our study confirmed by single and multidimensional analyzes 
that preoperative hyponatremia was an unfavorable prognos-
tic factor in the treatment of renal cell carcinoma.

The cause of hyponatremia in patients with renal cell carci-
noma is not fully understood. Paraneoplastic syndromes that 
manifest hyponatremia have been described most often in re-
lation to small-cell lung cancer and are associated with worse 
prognosis. Similar symptoms can also occur in prostate cancer, 
cancers of the gastrointestinal tract, carcinoid tumors, lympho-
mas, and thymomas. Hyponatremia described in those cases 
is caused by an inadequate secretion of the antidiuretic hor-
mone (SIADH syndrome). So far there is no proof of anoma-
lies in the secretion of vasopressin in patients with renal cell 
carcinoma, but this hypothesis needs further investigation. A 
more likely cause of hyponatremia in advanced kidney cancer 
is substantial damage to the exchange mechanisms in the re-
nal tubules by the burgeoning mass of the tumor.

The control of sodium is performed mainly in the distal tu-
bules and collecting ducts of the nephron, where the capacity 
to reabsorb sodium is regulated by the renin-angiotensin-aldo-
sterone system. It is known that serum sodium is a prognos-
tic marker in patients with small cell lung cancer [16], where 
the cause of hyponatremia is inappropriate anti-diuretic hor-
mone secretion. It is supposed that same situation is in pa-
tients with renal cell carcinoma, and one alternative possibil-
ity is that renal tumors may be inducing a subtle disturbance 
of the renin-angiotensin-aldosterone axis.

It should be emphasized that previous studies looking for new, 
easily accessible classifiers do not constitute a breakthrough 
and only improve the value of factors associated with the 
anatomy and severity of the tumor. It is estimated that the 
blood count and biochemical parameters can be independent 
prognostic factors for kidney cancer, but they do not exceed 
the quality of TNM classification. All the evaluated morpho-
logical and biochemical parameters of blood are character-
ized by low reproducibility and are dependent on many fac-
tors exobiotic and endobiotic, which is also worth mentioning. 
Nevertheless, we were able to identify a group of laboratory 
parameters which can be applied to forecast of patients with 
renal cell carcinoma treatment.

Further studies, preferably prospective, with larger numbers of 
patients are needed to validate the obtained results.

Conclusions

In conclusion, preoperative PLT, serum sodium levels, and tu-
mor staging were found to be independent risk factors for lo-
cal recurrence. Blood PLT, serum sodium level, creatinine level, 
and tumor staging may be useful for estimating 5-year cancer 
specific survival. The prognostic value of studied parameters 
in defining the risk of metastasis was not confirmed in this 
study; however, low-risk and high-risk groups for local recur-
rence and cancer specific death were identified by preopera-
tive laboratory parameters analysis.
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