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Background. Renal cell carcinoma is themost common type of kidney cancer. Taking account ofmorbidity andmortality increase, it
is evident that searching for independent prognostic factors is needed.Aimof the Study.The aimof the studywas to analyze routinely
performed blood parameters as potential prognostic factors for kidney cancer. Material and Methods. We have retrospectively
reviewed the records of 230 patients treated for renal cell carcinoma in the years 2000–2006. Preoperative blood parameters,
postoperative histopathological results, and staging and grading were performed. To estimate the risk of tumor recurrence and
cancer specific mortality (CSM) within five years of follow-up, uni- and multivariate Cox and regression analyses were used. To
assess the quality of classifiers and to search for the optimal cut-off point, the ROC curve was used. Results. T stage of the tumor
metastasis is the most important risk factor for early recurrence and cancer specific mortality (𝑝 < 0.001).The preoperative platelet
count (PLT) above 351 × 103/uL (95.3%; 55.1%) and AUC of 77% are negative prognostic factors and correlate with increased
cancer specific mortality (CSM) during the five-year follow-up (𝑝 < 0.001). Increased risk of local recurrence was observed for
PLT above 243.5 × 103/ul (59%; 88%) and AUC of 80% (𝑝 = 0.001). The opposite was observed in the mean platelets volume
(MPV) for cancer specific mortality (CSM). The cut-off point for the MPV was 10.1 fl (75.4%; 55.1%) and for the AUC is of
68.1% (𝑝 = 0.047). Conclusions. Many analyzed parameters in univariate regressions reached statistical significance and could
be considered as potential prognostic factors for ccRCC. In multivariate analysis, only T stage, platelet count (PLT), and mean
platelet volume (MPV) correlated with CSM or recurrent ccRCC.

1. Background

The incidence of kidney cancer has increased in recent years
and has now reached about 2-3% of malignant tumors in
adults. Renal cell carcinoma is the thirdmost common cancer
of the urinary tract [1–3]. Kidney cancer detected accidentally
is found in approximately 1.5% of cases at autopsy [4]. Over
80% of all malignant kidney tumors are renal cell carcinoma
(RCC). RCC clear cell type (otherwise known as conventional
or classic) most commonly originates from the proximal
nephron (in over 80% of cases).

The main treatment modality for renal cancer is surgery.
Kidney tumors, in particular RCC tumors, are poorly sensi-
tive to chemotherapy or radiotherapy; only the currently used
targeted therapy achieves temporarily stabilizing effect in 30–
40% of cases. Risk factors for kidney cancer include smoking,

obesity, diuretics, phenacetin, exposure to cadmium and
asbestos, high protein diet, and chronic dialysis.

The main prognostic factors are grade and stage of
tumor and cellular anaplasia, tumor histology, the presence
of vascular microinvasion, and the content of the genetic
material in the cell analyzed by flow and static cytometry
(DNA ploidy). Molecular prognostic factors are listed among
the prognostic factors; however, their major drawbacks are
cost and low availability [5–13].

2. Aim of the Study

The following study aims to answer whether preoperative
determination of basic blood cell count can be used as a
popular and inexpensive prognostic factor in the treatment
of renal cell carcinoma limited to the organ.
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3. Materials and Methods

The study was retrospective and used the medical records
of 397 patients who underwent surgery for kidney tumors
in our center in the years 2000–2006. During the five-year
follow-up period of all 397 patients operated on, 230 patients
with the postoperative diagnosis of nonmetastatic renal cell
carcinoma were enrolled in the study. The median follow-
up was 3,98 ± 0,99 years. According to the inclusion criteria
of the study, patients with coexisting conditions that may
have an impact on the blood morphology parameters were
excluded. On the basis of the information gathered, routinely
collected blood count parameters at the time of admission to
the ward were analyzed. We analyzed the data on histopatho-
logical material, histology, TNM, size and location of the
tumor removed, and the positive margin in the case of
the nephron sparing surgery (NSS). Histopathologic tumor
grade was rated according to the three-degree Fuhrman
scale. In order to determine the clinical stage, given data
were analyzed according to the TNM classification from
2010.

The studies were an attempt to determine whether any of
the tested parameters can be used to assess the prognosis of
kidney cancer, so that a group of patients that require special
oncological surveillance can be selected. All the information
gathered was analyzed in relation to the local recurrence,
metastasis, and tumor-specific deaths. Statistical analysis was
performed using the program R [R Core Team (2012)]. For
determining the risk of metastasis, tumor recurrence, or
death within five years, Cox proportional hazards model was
used. To assess the quality of the classifier and the search
for the optimal cut-off point, ROC (Receiver Operating
Characteristic) curvewas used as a tool to describe the overall
sensitivity and specificity for the variability characteristics of
the classifier.

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

4. Results

The study group included 123 men and 107 women. The
average age was 60.9±10.5 years. Tumor size was 6.8±4.1 cm.
89 patients underwent nephron sparing surgery (NSS) (mean
tumor size was 4.16 cm), and 141 patients underwent radical
nephrectomy (mean tumor size was 7.9 cm). Local recurrence
during follow-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 the NSS (2.6%) and in 43
(18.6%) after radical nephrectomy.There was an almost iden-
tical distribution of neoplastic changes, taking into account
the side operated on, 113 in the right and 117 in the left kidney.
We also evaluated the anatomical location of the tumor. The
most frequently observed tumors were located on the dorsal
side of the kidney, followed by the lower and upper pole.
In the central part of the kidney, 7 tumors were detected
(Figure 1).

The lowest clinical stage, T1, was observed in 112 patients
(T1a-48, T1b-64), T2 in 60 patients (T2a-33, T2b-27), and T3
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Figure 1: Anatomical location of the tumor according to the
performed procedure.
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Figure 2: Histological subtypes of RCC in the examined group.

in 54 patients (T3a-50, T3b-4), and the most advanced type
of cancer, T4, was found in 4 patients.

Histological subtypes of RCC in the examined group are
presented in Figure 2.

Average values of the analyzed blood parameters are
presented in Table 1.

For determining the risk of metastasis, tumor recurrence,
or death, Cox proportional hazards model was used. In
this statistical regression, complete and censored data were
taken into account. Relatively, the highest number ofmedical,
physical, chemical, and biological risk factors is assigned in
this analysis to patients’ death, followed by tumor recurrence
and metastasis. Statistically significant results (𝑝 < 0.05) in
the univariate model are summarized in Table 2.

In terms of the impact of a single risk factor, it can be
said that the location of the tumor has a strong statistical
relationship with the occurrence of metastasis. Cox regres-
sion results relating to the location of the tumor in the lower,
upper, or dorsal pole compared to the central location are
associated with a significant decrease in the risk ofmetastasis,
respectively, (1 − 0.096) ∗ 100% = 90%, (1 − 0.084) ∗ 100% =
91.6%, and (1 − 0.174) ∗ 100% = 82%. It was also observed that
the decline in the value of the studied blood count parameters
with the exception of platelet count (PLT) and MPV is an
unfavorable prognostic factor (𝑝 < 0.05).
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Table 1: Average values of the analyzed blood parameters.

RBC [106/𝜇L] HGB [g/dL] HCT [%] MCV [fL] MCHC [g/dL] MCH [pg] RDW [%] PLT [103/𝜇L] MPV [fL]
4,5 ± 0,5 13,4 ± 1,8 39,2 ± 4,5 87,08 ± 5,9 34,0 ± 2,0 30,6 ± 2,6 14.7 ± 1.9% 249,0 ± 87,5 11,0 ± 1,6

Table 2: Univariate Cox regression. Statistically significant parameters predictive ofmetastasis, recurrence, and death specifically due to renal
cell carcinoma.

AD AP Regression coefficient SE HR 𝑝 value N Number of events

Metastasis

NSS/NF 1,550 0,744 4,710 0,0370 230 21
Tumor location C (ref.) 0,000 1,000 230 21

Location L −2,340 0,764 0,096 0,0022
Location U −2,470 0,817 0,084 0,0025
Location D −1,750 0,652 0,174 0,0073

T 0,525 0,141 1,690 0,0002 230 21
PLT [thousand/𝜇L] 0,005 0,002 1,010 0,0030 230 21

Recurrence

Tumor size (cm) 0,088 0,030 1,090 0,0027 230 25
G 0,626 0,281 1,87 0,0260 230 25
T 0,426 0,123 1,530 0,0005 230 25

HGB [g/dL] −0,397 0,102 0,672 0,0001 230 25
HCT [%] −0,121 0,052 0,886 0,0200 230 13
MCV [fL] −0,113 0,026 0,893 0,0000 230 25
MCH [pg] −0,196 0,065 0,822 0,0025 230 25

PLT [thousand/𝜇L] 0,008 0,001 1,010 0,0000 230 25

Death

NSS/NF 1,280 0,436 3,600 0,0033 230 49
Tumor size (cm) 0,101 0,020 1,110 0,0000 230 49

G 0,704 0,202 2,020 0,0005 230 49
T 0,510 0,089 1,670 0,0000 230 49

HGB [g/dL] −0,356 0,077 0,700 0,0000 230 49
HCT [%] −0,114 0,038 0,892 0,0024 230 27
MCV [fL] −0,105 0,019 0,900 0,0000 230 49

MCHC [g/dL] −0,148 0,057 0,863 0,0098 230 49
MCH [pg] −0,206 0,049 0,814 0,0000 230 49
RDW [%] 0,155 0,056 1,170 0,0056 230 49

PLT [thousand/𝜇L] 0,009 0,001 1,010 0,0000 230 49
MPV [fL] −0,375 0,093 0,687 0,0001 230 49

AE: adverse event; AP: analyzed parameters; HR: hazard ratio; SE: standard error; location C:central location of the tumor; location L: tumor in the lower pole
of the kidney; location U: tumor in the upper pole of the kidney; location D: 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.

The results of the multivariate Cox regression are sum-
marized in Table 3. Based on this analysis, factors correlated
with metastasis have not been found. In this analysis, as in
the logistic regression, low predictive value of single blood
parameters was revealed. Charts of proportional survival
rates of patients according to the number of platelets are
presented in Figure 3.

In aCoxmultivariate analysis, as in the logistic regression,
low predictive value of individual morphology parameters
was revealed. Graphs of proportional survival depending on
the number and volume of the platelets are shown in Figures
3 and 4.

After analyzing the quality of classifiers (suspected risk
factors) in the range of analyzed traits using the ROC curve,
there was no statistically significant factor determining the

increased risk of metastasis in patients. The number of
statistically significant classifiers defining the occurrence of
relapse and death is roughly the same. The most likely event
is predicting the case of tumor recurrence using the platelet
count (PLT). For the cut-off point of 243.5 platelet units
(specificity 59%, sensitivity 88%), the likelihood of correctly
predicting an event is up to 80% (AUC) (Figure 5). In the
case of tumor size (cut-off point of 7.5 cm), HGB (cut-off
point of 11.6 g/dL), MCV (cut-off point of 86.0 fL), and MCH
(30.2 pg cut-off point), the likelihood of correctly predicting
recurrence within five years of follow-up was 64%, 68%,
73%, and 67%, respectively. A similar analysis of potential
predictive factors for death was carried out. In this case, we
have a 68% likelihood of occurrence with a cut-off point at
7.5 cm (specificity 78.9%, sensitivity 49%). The best indicator
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Table 3: Multivariate Cox regression. Statistically significant parameters predictive of recurrence and death specifically due to renal cell
carcinoma.

AD AP Regression coefficient SE HR 𝑝 value N Number of events

Recurrence T 0,288 0,129 1,334 0,0250 230 25
PLT [thousand/𝜇L] 0,006 0,002 1,006 0,0006

Death
T 0,289 0,114 1,340 0,0110 230 49

PLT [thousand/𝜇L] 0,007 0,002 1,010 0,0000
MPV [fL] −0,261 0,132 0,770 0,0470

AE: adverse event; AP: analyzed parameters; HR: hazard ratio; SE: standard error; T: tumor scale; PLT: platelets count; MPV: mean platelet volume.
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Figure 3: Estimated recurrence-free survival according to the
number of platelets.

in this case appears to be the platelet count. The probability
of death within a specific five-year follow-up was 77.7%
at a cut-off point at 351 thousand/𝜇L. The specificity and
sensitivity of this classifier are 95.3% and 55.1% (Figure 6).The
worst indicator in terms of predicting mortality is MCH; the
likelihood of predicting the correct event using this marker is
less than 64% at a specificity and sensitivity of 77% and 53%.

5. Discussion

Despite advances in medicine, an increase in morbidity and
mortality due to kidney cancer is still observed.The diversity
of kidney cancers does not enable unambiguous determina-
tion of prognosis. Given that 30% of patients with disease
confined to the organ will develop generalized disease after
surgical treatment, it is important to search for prognostic
factors. Numerous reports of treatment of erythropoietin
(EPO) level elevation in patients with renal cancer prompted
us to search the potential prognostic factors among blood
counts.

An important factor in the tumor environment is
hypoxia, which induces tumor cell defense mechanisms. One
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Figure 4: Expected total survival relative to the mean platelet
volume.

of these mechanisms is the increase in the transcription of
hypoxia inducible factor (HIF) composed of two subunits
(HIF-𝛼 and HIF-𝛽). High expression of HIF-𝛼 subunit is
determined mainly by low levels of intracellular oxygen.
Under normal oxygenation, the HIF-𝛼 subunit is rapidly
degraded by normally acting protein VHL (pVHL), forming
ubiquitin ligase complex pVHL-E3. In the case of VHL gene
mutation, the active inhibitory protein of subunit HIF-𝛼 is
not produced. This leads to the stabilization and accumula-
tion of HIF-𝛼 in cells and contributes to the formation of
multiple hypoxia inducible factors that promote angiogene-
sis, drug resistance, and tumor progression [14, 15]. One such
factor is erythropoietin (EPO). Under normal conditions,
the cells of the proximal portion of the coil, from which
the clear cell renal carcinoma originates, do not produce
detectable amounts of EPO, even under hypoxic conditions.
This may explain the importance of VHL gene mutation in
the development of clear cell RCC [16, 17]. Erythropoietin is
the primary regulator of erythropoiesis in tissues involved in
the production of red blood cells. In other tissues, especially
in cancer cells, it inhibits apoptosis, stimulates angiogenesis,
and promotes cell proliferation.Many studies have confirmed
the overexpression of EPO and its receptor (EPOR) in clear
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Figure 5: Upward sloping quality classifier of tumor recurrence
versus platelet count.
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Figure 6: Upward sloping classifier of death versus platelet count.

cell renal carcinoma. The prognostic value of this finding
merits further investigation [18–20].

If EPO level elevation is observed in patients with
renal cell cancer, it would appear that we should watch for
polycythemia in these patients. Clinical practice however
demonstrates that this is not in fact the case. Despite the
increase in the expression of EPO and EPOR, in up to
35% of patients with RCC, anemia is observed and only 1–
5% of patients develop paraneoplastic polycythemia. Why
this happens is not entirely clear. Attempts for explanation

include the weak activity of EPO produced by the tumor
and the low sensitivity to this factor of the tissues involved
in the production of blood. The low level and abnormal
iron metabolismmay play an important role.The breakdown
of tumor cells in the microvessels has also been described.
Growth of inflammatory factors and antibodies that occurs
during carcinogenesismay contribute to autoimmune hemol-
ysis. Among the preoperative parameters associated with the
red blood cells system, the erythrocyte count, hemoglobin,
hematocrit, mean corpuscular volume, mean corpuscular
hemoglobin concentration, the rate of the average weight
of corpuscular hemoglobin, and the coefficient of variation
of volume distribution of erythrocytes (anisocytosis) were
analyzed in the study. It has been proven that lowering
the value of all the above-mentioned parameters except
anisocytosis below a specified cut-off point results in an
increased risk of tumor-specific death within the five years of
follow-up. Reduced preoperative values of HGB, HCT, MCV,
and MCH also predispose patients to early recurrence of
cancer. Similar results were also obtained by other authors
[21–24].

Our study failed to confirm the prognostic value of
hemoglobin concentration in the univariate analyses. Multi-
variate logistic regression and multivariate Cox proportional
hazard model failed to demonstrate a correlation between
this factor and tumor recurrence or death or the occurrence
of metastases. To date, there are no reports in the literature
on the prognostic value of the parameters relating to the
construction of red blood cells. Thrombocytosis as a para-
neoplastic syndrome is widely described in the literature.
Elevated blood platelets may be accompanied by kidney
cancer, among other conditions. Thrombocytosis in this case
is most likely associated with the neuroendocrine activity
of tumor cells. Production of many types of cytokines,
including IL-6, IL-11, thrombopoietin, and GM-CSF (gran-
ulocyte/macrophage colony stimulating factor), results in
increased production of thrombocytes. The main role is
played in this case by IL-6, which stimulates platelet produc-
tion by stimulating the maturation of megakaryocytes [25].
There is evidence on the protective effect of platelets in rela-
tion to circulating tumor cells. They hinder their recognition
by the immune system and facilitate their integration into the
endothelium [26]. Platelets probably also affect tumor growth
by producing growth factors such as VEGF, PDGF, hepato-
cyte growth factor, thrombospondin, or endostatin [27].

In research studies so far, many authors have confirmed
that preoperative thrombocytosis is an unfavorable prognos-
tic factor for renal cell carcinoma [28–33].

These reports based on a relatively small number of
patients confirm the high value of the platelet count as an
independent predictor for renal cell carcinoma. Less enthu-
siastic towards thrombocytosis and preoperative anemia are
Karakiewicz and colleagues, who demonstrated in the single
and multivariable analyses that these parameters correlate
with the increase of cancer specific mortality. However, the
predictive value of these parameters (0.3%) is lower than the
factors associatedwith the anatomyof the tumor (TNM,G) or
the patient’s ECOG scale [34]. Similar conclusions have been
shown by German authors [35].
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Our analyses have shown that the increase in platelet
count is a negative prognostic factor in patients undergoing
surgery for renal cell carcinoma. Statistical significance was
confirmed in the single and multidimensional analyses. In
addition, the predictive value of the volume of platelets was
confirmed to have statistical significance.The combination of
high platelet counts with their small volume is characteristic
for cancer diseases. To date, no reports on the predictive value
of MPV in renal cancer have been published.

Previous studies looking for new, readily available prog-
nostic factors do not constitute a breakthrough and only
improve the predictive value of factors related to tumor stage
and anatomy. It is estimated that the parameters of blood
count and biochemical parameters may constitute indepen-
dent prognostic factors for renal cell carcinoma, but they are
not qualitatively superior to the TNM classification. It should
also be remembered that all the evaluatedmorphological and
biochemical parameters of blood are characterized by low
repeatability and are dependent on many factors.

6. Conclusions

(1) Low preoperative hemoglobin concentration, hema-
tocrit, average weight of hemoglobin, mean volume,
and mean hemoglobin concentration may be con-
sidered in the category of risk factors for recurrence
and progression of renal cell carcinoma after surgical
treatment.

(2) The best predictor among the analyzed preoperative
laboratory parameters is the platelet count and vol-
ume.

(3) Preoperative platelet count above 243.5 thousand/uL
and 351 thousand/uL, respectively, is an independent
predictor of recurrence and tumor-specific death
during the five years of follow-up.

(4) Preoperative average size of platelets less than 10.1 fL is
an independent predictor of tumor-specific mortality
during the five-year follow-up.
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poietin gene expression in renal carcinoma is considerably
more frequent than paraneoplastic polycythemia,” International
Journal of Cancer, vol. 121, no. 11, pp. 2434–2442, 2007.

[18] K. Gong, N. Zhang, K. Zhang, and Y. Na, “The relationship of
erythropoietin overexpression with vonHippel-Lindau tumour
suppressor gene mutations between hypoxia-inducible factor-
1alpha and -2alpha in sporadic clear cell renal carcinoma,”
International Journal of Molecular Medicine, vol. 26, no. 6, pp.
907–912, 2010.

[19] Y.-S. Lee, A. O. Vortmeyer, I. A. Lubensky et al., “Coexpression
of erythropoietin and erythropoietin receptor in Von Hippel-
Lindau disease—associated renal cysts and renal cell carci-
noma,” Clinical Cancer Research, vol. 11, no. 3, pp. 1059–1064,
2005.



BioMed Research International 7

[20] G. A. Talmon, “Pure erythropoiesis in clear cell renal cell
carcinoma,” International Journal of Surgical Pathology, vol. 18,
no. 6, pp. 544–546, 2010.
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