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Abstract Deutsch
Einleitung
Das Nierenzellkarzinom repräsentiert den häufigsten malignen Tumor in der Niere des
Erwachsenen. Inflammatorische Parameter wie die Hämoglobinkonzentration, die An-
zahl der Thrombozyten oder die absolute Anzahl von Leukozyten können die Tumorak-
tivität beeinflussen und so eine wichtige prognostische Rolle in Bezug auf das Über-
leben bei Patientinnen und Patienten mit unterschiedlichen Tumorerkrankungen spielen.
Wir untersuchten die potentielle prognostische Aussagekraft der präoperativ erhobenen
eosinophilen Granulozyten in einer grossen europäischen Kohorte von Patientinnen und
Patienten mit nicht metastasiertem, klarzelligem Nierenzellkarzinom.

Methoden
Klinisch- pathologische Daten von 677 Patientinnen und Patienten mit nicht metas-
tasiertem, klarzelligem Nierenzellkarzinom die im Zeitraum von 2000-2010 in einem
akademischen Zentrum operiert wurden, wurden retrospektiv ausgewertet. Eine Woche
vor der Operation wurden die Laborparameter erhoben und die Patientinnen und Patien-
ten sodann in zwei Gruppen kategorisiert (Grenzwert 200 eosinophile Granulozyten/µl)
Gesamtüberleben (OS) wurde mittels Kaplan- Meier Methode erfasst. Um die potentielle
Signifikanz des präoperativen Eosinophilenwerts zu evaluieren wurde eine multivariate
COX- Regression durchgeführt.

Ergebnisse
Multivariat zeigten sich Alter bei Operation (<65 vs. 65yrs., HR=1.037 [95% CI=1.023-1.052],
p<0.001), Tumorgrad (G1+G2 vs. G3+G4, HR=1.329 [95%CI=1.036-1.704], p=0.025),
pathologisches Tumorstadium (T1 vs. T3+T4, HR=1.387 [95%CI=1.017-1.891], p=0.039),
sowie der präoperative eosinophile Granulozyten Wert (<200/µl vs. >200/µl,HR=1.472
[95%CI=1.103-1.964], p=0.009) als unabhängige Prädiktoren in Bezug auf das Gesamtüber-
leben.

Schlussfolgerung
In der untersuchten Kohorte zeigte sich der präoperativ erhobene Wert der eosinophilen
Granulozyten als unabhängiger Prädiktor für das Gesamtüberleben bei Patientinnen
und Patienten mit nicht metastasiertem, klarzelligem Nierenzellkarzinom.
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Abstract English
Objective

Renal cell carcinoma (RCC) represents the most common malignant tumour of the adult
kidney. Distinguishable inflammatory parameters like the haemoglobin concentration,
platelet counts and absolute leukocyte counts have been demonstrated to influence tu-
mour activity and thus might play an important role as prognosticators of survival in
various types of cancer. We investigated the potential prognostic significance of the
pretreatment eosinophil granulocytes count in a large European cohort of patients with
non-metastatic clear cell RCC.

Material and Methods

Clinico-pathological data from 677 consecutive, non-metastatic clear cell RCC patients,
operated between 2000 and 2010 at a single tertiary academic center, were evaluated
retrospectively. Pretreatment laboratory parameters were assessed within one week be-
fore surgery. Patients were categorized using a eosinophil granulucytes-cutoff value of
200/µl according to a calculation by receiver-operating curve (ROC) analysis. Overall
survival (OS) was assessed using the Kaplan-Meier method. To evaluate the potential
prognostic significance of the pretreatment eosinophil granulocytes count, a multivariate
Cox regression model was performed.

Results

In multivariate analysis, age at operation (<65 vs. ≥ 65yrs., HR=1.037 [95% CI=1.023-1.052],
p<0.001), tumour grade (G1+G2 vs. G3+G4, HR=1.329 [95%CI=1.036-1.704], p=0.025),
pathologic T-stage (T1 vs. T3+T4, HR=1.387 [95%CI=1.017-1.891], p=0.039), as
well as an elevated pretreatment eosinophil granulocytes count (<200/µl vs. >200/µl,
HR=1.472 [95%CI=1.103-1.964], p=0.009) achieved independent predictor status re-
garding OS, respectively.

Conclusion

In the cohort studied, an elevated pretreatment eosinophil granulocytes count was con-
firmed as an independent predictor of OS in the non-metastatic clear cell RCC setting.
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1 Introduction to renal cell carcinoma

1.1 Epidemiology
In the year 2014, 1254 patients in Austria have been diagnosed with ICD C64, which in-
cludes all malignant kidney diseases except urothelial carcinoma of the kidney basin [1].
Over 90 % of those patients suffer from renal cell carcinoma (RCC), which makes it the
most prevalent malign kidney tumour in the adult population [2].

The incidence rates of RCC diversify all over the world with a higher incidence in well
developed countries like Northern America and Europe, especially in the east of Europe,
and significantly lower incidence rates in Africa and Asia. The incidence varies from
about 1 per 100.000 residents (Africa) to a maximum of 22 per 100.000 in the Czech
Republic (Fig.: 1.1) [2].

The incidence rates are reported to increase worldwide but seem to stabilise in well
developed countries [2].
For Austria, a relatively stable incidence rate until 2030 is predicted, with a total in-
crease of 7 % compared to 2009. Incidence rates for Austria are prognosted to diversify,
with a decrease for the female gender of 18% against an increase of 25% for the male
gender. Although the incidence rate of RCC in Austria increases, mortality rates are
decreasing (34% for females, 29% for males) (Fig.: 1.2) [4].
Renal cell carcinoma represents a disease of the older population. The average age at
diagnosis is 67 years in males and 72 years in females. Not only are there differences
between the genders, in males, RCC is with 3.5 % of all new diagnosed malignant neo-
plasms more prevalent compared to females with 2.5 % of all malignant neoplasms [5].
One reason for the rising incidence- and falling RCC mortality rates might be more fre-
quently performed imaging, often leading to an incidental, as well as an earlier detection
of renal masses [2].
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Figure 1.1: Wordwide incidence rates of kidney cancer [3]

Figure 1.2: Index of disease (left) and mortality (right) in Austria till 2030 [4]
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1.2 Etiology
Risk factors for the development of RCC can be divided in modifiable and non- modifi-
able ones.

1.2.1 Non- modifiable risk factors

In particular, end- stage renal disease with dialysis, as well as hereditary variants of
RCC are regarded to represent non- modifiable risk factors.
Patients with end-stage renal disease have shown to develop 4- 5 times more often renal
tumours (besides other malignant diseases) [6].
Up to date, hereditary RCC variations can be found as part of at least ten distinct
genetic syndromes. The most important are:

• von Hippel-Lindau syndrom

• Birt-Hogg-Dubé-Syndrom

• Hereditary papillar RCC (HPRCC)

• Hereditary Leiomyomatosis

In 3 % to 5 % of all RCCs germ- cell mutations can be detected. First and second grade
relatives of such patients also show a higher risk for a development of RCC. Patients
with hereditary forms of RCC are of younger age when they are diagnosed and often
show multifocal lesions in both kidneys [7].

1.2.2 Modifiable risk factors

Risk factors can best be summarized as lifestyle- based and contain tobacco smoking,
overweight, high blood pressure and poor nutrition patterns [8, 9].
Tobacco smoking is a well documented risk factor for RCC. The risk is 54 % elevated
for males and 22 % for females. Also the packyears (PY), defining how much someone
smokes in his life, matter and elevate the risk for the development of RCC [8].
Overweight, which means higher body mass index (BMI) than recommended, was shown
to significantly highten the risk for several types of malign diseases.
Especially for RCC, studys have shown, that people with elevated BMI have a higher
risk for development of RCC. Weight gain in younger years (<50 years) has been shown
to increase the risk for RCC, gaining weight later on doesnt seem to have influence [10].
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For people with a BMI of over 27, studies were able to show that the risk for developing
RCC is almost twice as high as for the population with a BMI of 20. Even a slighty
higher bodyweight is associated with a higher risk for the development of RCC [11].
High blood pressure represents another well established risk factor for RCC. It seems to
have influence if the systolic or the diastolic blood pressure is out of the normal range.
A higher systolic blood pressure (130 mmHg - 149 mmHg) leads to a 1.7 times higher
risk for RCC (compared to <130 mmHg), while a systolic blood pressure of over 150
mmHg doubles the risk. Additionally, for diastolic blood pressure (normal <85 mmHg)
higher than 105 mmHg an 1.6 times elevated risk for RCC could been identified [12].
Patients who maintain a normal blood- pressure under anti- hypertensive medication do
not show an elevated risk for RCC, which means that the usage of those substances can
lower the risk for RCC and is not an additional risk factor [9].
All the described risk factors have been investigated separately, are independent from
each other and lead to a higher possibility of developing RCC.

1.3 Symptoms and diagnosis of RCC
As all other malignant kidney diseases, RCC represents an often late and incidentally
diagnosed tumour. Clinical symptoms can be very rare and unspecific. Initial symp-
toms, which are often linked to a higher progression of the disease, can be macro- or
microhaematuria, wheras pain in the flank or a palpable renal mass typically represent
late symptoms and can be combined with general signs of a malignant disease like un-
intended weight loss, anaemia, subfebrile temperature and general weakness [13,14].
The above mentioned classical trias (palpable tumour, painless macro- haematuria, flank
pain) is nowadays rarely seen and typically affects patients with large tumours, distant
metastases, higher pathological tumour stage and invasion in other organs more often
compared to patients with incidentally detected RCCs, whose overall survival (OS) is
significantly higher [15].

Associated with metastatic stages of RCC, paraneoplastic symptoms, like pathological
fractures and bone pain, hypercalcaemia due to dysregulation of parathormone, as well
as polycythaemia as a result of pathological erythropoetin levels can occur. Stauffer-
syndrome, which consists of an elevation of liver enzymes and coagulation problems
(hepatic dysfunction) can also be found as part of paraneoplastic symptoms, which usu-
ally disappear in most cases after removement of the tumour [16].
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A full blood count, kidney- (serum creatinine, glomerular filtration rate (GFR)), liver
function- and coagulation- study should be taken from all patients [13].

1.3.1 Sonography

Sonography represents a powerful and non- invasive imaging method to detect cysts or
other, potentially tumorous lesions in the kidney. Sonography is an interdisciplinary
used imaging tool and ubiquitarily available, increasing the detection rate of asymp-
tomatic renal masses nowadays [17].
Small renal masses are in general more difficult to stage and evaluate sonographically.
Moreover, an inter-observer variability can be observed, and thus the sensitivity of sono-
graphic evaluations strongly depend on how skilled and experienced the examiner is.
Because of that, contrast enhanced computed tomography (CT) has been established as
method in detecting and characterizing RCC [14,18].

1.3.2 CT- and MRI imaging

For a more detailed characterization of renal masses, CT or in some cases, MRI are
used. Abdominal CT shows the morphology and function of the contralateral kidney,
gives information about the primary tumour and its expansion and is also used to find
venous involvement, enlargement of locoregional lymph nodes and the condition of other
solid organs which represent important prognostic factors [18].
With a contrast enhanced CT most malign masses can be differentiated. Contrast en-
hancement is a strong indicator for RCC and therefore preferredly used for diagnosis [14].
Renal cysts are radiologically classified via the Bosniak classification (Table 1.1). This
classification system is based on the contrast enhanced CT image and to determine
whether a cyst is malign [19].
A commonly used examination protocol for contrast enhanced CT consists of native
phase (CT before intravenous application of contrast fluid), arterial phase, venous phase
and urographic phase. The native phase is important to find concrements which could
later on be mistaken for tumour cells uptaking contrast fluid [14].
MRI can be used to gain additional information or when there are contraindications for
CT imaging like pregnancy or allergic reactions against contrast fluids in a patients past
medical history [18].
CT- and MRI imaging can also be used to help at percutanous biopsy and makes it
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Table 1.1: Bosniak classification of renal cysts [19]
Bosniak Features Work up
I Simple benign cyst with a hairline-thin wall Benign

without septa, calcification, or solid components.
Same density as water and does not enhance with contrast medium.

II Benign cyst that may contain a few hairline-thin Benign
septa. Fine calcification may be present in the wall or septa.
Uniformly high-attenuation lesions < 3 cm in size, with sharp

margins without enhancement.
III These are indeterminate cystic masses with thickened Surgery

irregular walls or septa with enhancement.
IV Clearly malignant containing enhancing soft-tissue Surgery

components.

more safe and precise. According to the newest guidelines of the European Associa-
tion of Urology (EAU), percutanous biopsy should only be performed when it has a
therapeutical consequence, for example if the renal mass cannot be clearly identified
or when metastases are found and a histological examination for targeted therapy is
needed. If radiological findings show clearly that there is an indication for surgery or
for frailty patients which are only suitable for conservative treatment a biopsy is not
indicated [13,14].
Biopsy represents a low risk for the patient (significant bleeding rarely exists and is in
most cases self limiting), the risk for seeding of tumour cells is very low. Especially for
older or unfit patients, a biopsy clearly tells the dignity of a renal mass and can prevent
unnecessary therapy which can have severe side effects. For non diagnostic biopsies, a
repeated biopsy should be performed [20,21].

1.4 Staging, Grading and Prognosis
Renal cell carcinoma is classified via the TNM classification system for solid tumours,
which includes various factors like tumour size, venous invasion, renal capsular invasion,
adrenal involvement, lymph node and distant metastasis. Staging is done from stage I
to stage IV and depends on findings from the TNM classification (Fig.: 1.3) [22].
Grading of RCC is done based on histological findings. Depending on how far the
tumouros tissue corresponds to the original tissue, the tumour is sorted into grades (I
to IV). A lower grade means the tumour is nearly as configurated as the healthy tissue
which means better prognosis for the patient. Higher grading means the tumour cells
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Figure 1.3: TNM classification of RCC [13,22]
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Table 1.2: Fuhrmann- Grading [23]
Grade Nuclear size Nuclear quality Nucleoli

I 10µm small, round and uniform absent to inconspicuous
II 15µm larger, crinkly nuclear membrane inconspicuous
III 20µm irregular nuclear membranes conspicuous
IV >20µm irregular nuclear membrane, very prominent

pleomorphic, multi-lobed with
clumped chromatin;

+/- sarcomatoid spindle cells

vary widely from the original ones, causing a worse prognosis.
Until 2015, grading has been done depending on cellbased criteria, so called Fuhrman-
Grading (table 1.2). Fuhrman Grading has been established in 1982 and has been critized
because of the missing validation of new RCC subtypes in the past years. Also, for an
accurate prediction of the patients prognosis, Fuhrman Grading hasn’t been a reliable
system [23,24].
Since 2015, ISUP Grading (table 1.3) is recommended as standard [24,25].
RCC patients prognosis highly depends on the initial tumour stadium and is because
of that, better when diagnosed early. 75 % of all diagnosed males and 77 % of females
survive for at least 5 years [5].
In Stadium I 97%, in stadium II 87% and in stadium III 69% of patients with RCC
survive for at least 5 years, compared to that, in stadium IV the 5 year survival only
lies at 14% [26].
To improve RCC patients individual prognosis, tumour related biological factors, as
well as the histological type are important and were identified in the past years. Clear
cell carcinoma is often diagnosed at a lower tumour stadium (28% with T3 or higher)
compared to sarcomatoid (82% with T3 or higher at diagnosis). Papillary- (17.6%) and
chromophobe types (16.9%) show an advanced tumour stadium (T3 or higher) at a much
lower frequency [27].
In addition to TNM and other grading scores, molecular techniques and biomarkers can
be used to give more detailed information about prognosis and survival of patients with
RCC.
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Table 1.3: WHO/ISUP grading [24]
Grade Features

I Tumour cell nucleoli invisible or small and basophilic at 400 x magnification
II Tumour cell nucleoli conspicuous at 400 x, inconspicuous at 100 x magnification
III Tumour cell nucleoli eosinophilic and clearly visible at 100 x magnification
IV Tumours showing extreme nuclear pleomorphism and/or containing tumour giant cells

and/or the presence of any proportion of tumour showing sarcomatoid
and/or rhabdoid dedifferentiation

1.4.1 Histological subtypes of RCC

Histologically, RCC can be divided into clear-cell- and non clear-cell carcinomas. Clear
cell types of RCC are the most common ones found (representing approximately 82% of
all RCCs) [28].
In 80% of those types a functional inactivation of von- Hippel- Lindau gene, resulting
in activation of Hypoxia-inducible Factor (HIF) 1α and 2α can be detected. This acti-
vation leads to a higher expression of genes which are responsible for proliferation and
neoangiogenesis. Next to those, mutations of several genes (PBRM1, SETD2, BAP1)
are often found [29].
Non clear- cell carcinomas are (the most common ones):

• papillary type I and II

• chromophobe

• collecting duct

• unclassified RCC

These histological subtypes also show different genetic mutations. Papillary type I is
associated with alterations of the MET gene. Papillary type II shows mutations in
different genes, which are also of prognostic interest. Papillary type I and II also differ
in terms of patients clinical outcomes [30].
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1.4.2 Prognostic systems

Instead of using only a single parameter, like, for example, Fuhrman nuclear grade to
determine an RCC patients prognosis, complex classification systems, which include
anatomical, histological and clinical factors are used for an individualised and more
precise prediction of the disease.
Newer findings in RCC studies, mostly molecular ones, which also have a high prognostic
value are not included. To improve their prognostic accuracy, addition of molecular
factors is necessary [31].
One of these classification systems, used for localised tumour stadium is the UCLA
Integrated Staging System (UISS), which includes TNM stage, ECOG PS and Fuhrman
grade. The UISS has been validated in clinical use and has been shown to be appliable
for the prediction of prognosis in patients with RCC [31].
Moreover, UISS is used after renal surgery and categorises patients into risk groups (low,
intermediate and high risk) for OS, cancer specific survival (CSS), and progression- free
survival (PFS). This model can be used for all histological subtypes of RCC [32].
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Table 1.4: MSKCC prognostic system [33]
Risk factor limit

low Karnofsky-Index <80%
high LDH >1.5 times reference

low Hb < lowest reference
high corrected serum calcium > 10 mg/dl

Time from nephrectomy < 1 year
till occurence of metastases

For metastatic stages of RCC, one possible prognostic model is the Memorial Sloan
Kettering Cancer Center (MSKCC) prognostic system, also known as so called Motzer
criteria, named after the Oncologist and kidney cancer expert Robert J. Motzer [33].
It has been developed in a cohort of RCC- patients who underwent surgery and were
treated with immunotherapy (INFα). Depending on how many risk factors are existing
(see table 1.4), patients are sorted into one of three groups:

• low risk (average survival 30 months)= 0 risk factors

• intermediate risk (average survival 14 months)= 1-2 risk factors

• high risk (average survival 5 months)= 3 and more risk factors [33,34]

A newer prognostic system with a higher prediction accuracy than MSKCC are the
IMDC- criterias. Moreover, the IMDC- critera have been externally validated and
should, because of that, be preferred [35].

1.5 Therapy
Depending on the tumour stage, there are different possibilities of treatment.

1.5.1 Non- metastatic RCC

For RCC patients with a high amount of comorbidities or patients with small renal
masses (≤ 4cm - T1a), active surveillance might be offered, since those patients have a
low RCC- specific mortality [36].
Active surveillance means that the size of the tumour gets observed and if it shows rapid
progression, an intervention can be done later on, especially since small renal masses
are often expanding very slowly and rarely metastasize, active surveillance represents a
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valid treatment modality. Imaging series and ongoing care can be a better option than
invasive procedures in those cases [37,38].
The curative treatment of a localised tumour stadium consists of the surgical removal,
which are partial- or radical nephrectomy [39].
Partial nephrectomy, which means only the tumour and a surrounding area of normal
renal parenchyma is surgically removed, is indicated for patients with only one remaining
functioning kidney (or patients with bilateral RCC), patients at high risk for renal failure,
patients with hereditary kidney cancer and RCC in stadium T1. In those cases, partial
nephrectomy has benefits for patients in mortality compared to radical nephrectomy
[40,41].
There are also some contraindications for partial- nephrectomy such as:

• insufficient volume of the remaining parenchyma to maintain a proper organ func-
tion

• renal vein thrombosis

• unfavourable tumour location, adherence to the renal vessels

• use of anticoagulants

in these cases the whole kidney, which contents the tumour, has to be removed [13].

Radical nephrectomy includes the surgical removal of the whole kidney with the adi-
pose capsule, the fascia renalis and regional lymphnodes. Depending on the staging of
the tumour, the ipsilateral adrenal gland also has to be removed [42].
Studies have tried to find out if extended lymph node dissection and ipsilateral adrenalec-
tomy produce better outcomes in combination with radical nephrectomy but failed to
bring clear evidence. Thus, a clear recommandation for those procedures can not be
given and the decision depends on individual factors [43].
Radical and partial nephrectomy can be done both, in laparoscopic (manual or robotic
assisted) or conventional open fashion, but laparoscopic surgery has been shown to be
better tolerated and leads to faster recovery. But due to longer ischaemia time in la-
paroscopic surgery, partial nephrectomy is predominantly done conventionally in an open
fashion [44].

For patients who do not want, or who are not healthy enough for renal surgery and
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have small renal masses, local physical methods, like cryoablation or radiofrequency ab-
lation (RFA) are possible treatment options. For these methods, renal biopsy before
treatment is mandatory to confirm malignancy. Radiofrequency ablation is made per-
cutanously under imaging control. The applicator is located in the tumour and submits
electrical energy into it, which leads to a thermical coagulation and necrosis of the tu-
mour cells. The above described local physical methods are limited to small lesions and
are not efficent when there are bigger blood vessels in surrounding area (like at the renal
hilus) [45].

1.5.2 Metastatic RCC

Patients with metastatic RCC do not benefit from typical cytotoxic medication. For
decades, Interferon α and Interleukin 2 were used as unspecific immunotherapy exert-
ing massive toxic side-effects, thereby only leading to very moderate survival improval.
Nowadays, more often specific antibodies matched to molecular findings from the pa-
tients tumours are used [13,46].
Also for patients with metastases, surgical treatment might be offered under certain
circumstances. Nephrectomy and resection of metastases can lead to remission but is
reserved for patients who do not suffer from major comorbidities. Debulking of big tu-
mour masses can also be indicated [13].

For patients with large primary tumours, nephrectomy is recommended at the time.
Because of the newly available options in the metastatic RCC setting (targeted thera-
pies), the role and benefit of surgical treatment needs to undergo evaluation. Recently, a
randomized phase III trial named CARMENA compared the outcome (OS and other pa-
rameters) of patients with confirmed metastatic clear-cell renal-cell carcinoma (MSKCC
intermediate and poor risk) who received different therapies. Patients were categorized
into two groups, one group received nephrectomy combined with sunitinib treatment vs.
the other group of patients was treated with sunitinib alone. For the first time, this
study was able to show that the survival outcome of patients with sunitinib treatment
alone was non- inferior to that of patients who have undergone additional nephrectomy.
Moreover, the observed clinical benefit was greater in the sunitinib treatment alone
group compared to the surgically treated one [47].
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Figure 1.4: Systemic therapy recommendation from EAU guidelines [13]

Systemic therapy

Because of a low responder- and 5 year OS rate, unspecific immunotherapy is getting
obsolete, but for RCC patients with good prognosis a combination of INF α and the
vascular endothelial growth factor (VEGF) inhibitor Bevacizumab can be considered.
As a standard first line therapy, Tyrosine-kinase inhibitors like Sunitinib and Pazopanib
are recommended. Tumours with a high progression risk should be treated with a
mTor- inhibitor, like Temsirolimus. For non responders there are different substances
from those groups available, which are then recommended as second- or higher line
therapy [46, 48] (Fig.: 1.4). The fast development and availability of novel agents in
metastatic RCC lead to new guideline-updates every couple of months [49], whereby
in particular novel immuno-therapeutic combinations and approaches start to enter the
large field of systemic treatment options in RCC [50].
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1.6 Objective
The prognosis of patients with RCC depends on multiple factors, most importantly the
pathological tumour stage, the presence of remote metastases or the age at diagnosis,
only to name some of the discussed above.
Next to those established parameters, which can give reliable information for the pa-
tients future and prognosis and are used in a variety of pre- and postoperative scores like
the UISS Modell, new risk factors for a poor long time survival are tried to be identified
and are examined if they can be generalised for daily routine clinical practice in different
RCC patient populations.
Therefore, blood based parameters, especially inflammatory- or haemostatic markers,
are recently in the spotlight and have been investigated whether they have any signifi-
cant influence on the long term survival of RCC patients.
Such immuno- or tissue based parameters, which show immune- responses, are shown
to be important factors in RCC development and prognosis [51].
The pre-treatment neutrophil-lymphocyte ratio, for example, was identified as an inde-
pendent risk factor for poorer outcome regarding RCC patients overall survival [52].
Several studies were able to show that blood based parameters, like a pre-treatment
thrombocytosis, leucocytosis, anemia and plasma fibrinogen are independent risk factors
for poorer outcomes and can be used, in addition to pathological findings, to determine
an individual patients risk and prognosis. Because those laboratory values are easily
determinable, they should be considered as additional risk factors [53,54].
To the best of our knowledge, the potential prognostic significance of the pretreatment
eosinophil count in non-metastatic clear cell RCC patients has not been evaluated yet.
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2 Methods

This retrospective analysis included data from 677 consecutive, non-metastatic clear
cell RCC patients who underwent curative radical or partial nephrectomy at the De-
partment of Urology at the Medical University of Graz between 2000 and 2010. All
clinico-pathological data were retrieved from medical records from the Department of
Urology, as well as from pathology reports from the Institute of Pathology at the same
institution. Pathologic T-stages were uniformly adjusted according to the 7th edition of
the TNM classification system [22]. Other documented parameters included the presence
of histological tumour necrosis, sarcomatoid transformation, histological RCC subtype,
tumour grade, as well as patients age and gender. All pretreatment laboratory data were
obtained within one week before surgical intervention. Patients post-operative surveil-
lance included routine clinical and laboratory examination; regarding imaging methods,
X-rays of the chest and abdominal ultrasound were predominantly used, especially in
patients with a low relapse risk (pT-1, G1-2), whereas CT or MRI was performed in all
other patients as previously reported [55]. Follow-up evaluations were performed every
six months for the first five years and annually thereafter for locally advanced tumours.
In organ-confined cancers, imaging was performed twice in the first year after surgery
and annually thereafter. Dates of death were obtained from the central registry of the
Austrian Bureau of Statistics. This study was approved by the ethical committee of the
Medical University of Graz (29-150 ex 16/17).

2.1 Statistical analysis
The primary endpoint of this study was OS (the time between diagnosis and patients
death of any cause). Patients were categorised using a cutoff value of 200/µl (eosinophil
granulocytes) according to a calculation by receiver-operating curve (ROC) analysis.
The ideal cutoff value for the continuously coded laboratory parameter (eosinophil gran-
ulocytes) was calculated by testing all possible cutoffs that would discriminate between
survival and cancer-related death by Cox proportional analyses. The ideal cutoff value
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was then rounded to clinically relevant values as previously reported [56]. The relation-
ship between the preoperatively assessed eosinophil granulocytes and clinico-pathological
parameters was studied by non-parametric tests (2- and Mann-Whitneys U-test). Pa-
tients OS was assessed using the Kaplan-Meier method and compared by the log-rank
test. Backward stepwise multivariate Cox proportion analysis was performed. Hazard
ratios (HRs) estimated from the Cox analysis are reported as relative risks with corre-
sponding 95% confidence intervals (CIs). All statistical analyses were performed using
the Statistical Package for Social Sciences version 18.0 (SPSS Inc., Chicago, IL, USA).
A two-sided p<0.05 was considered statistically significant.
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3 Results

Overall, a total of 677 patients with non-metastatic clear cell RCC were included into
this study. Descriptive clinico-pathological parameters of the study cohort are shown
in Table 1. Applying ROC-analysis as mentioned above, the cutoff value regarding the
preoperative eosinophil granulocyte counts was 200 cells/µl (s. Fig. 1). The associa-
tions between the preoperative eosinophil granulocyte counts with clinico-pathological
parameters, as well as the multivariate analysis of clinico-pathological parameters for the
prediction of OS at 10 years are depicted in Table 2. It reveals that patients age at oper-
ation (<65 vs. >65yrs., HR=1.037 [95%CI=1.023-1.052], p<0.001), pathologic T-stage
(T1 vs. T3+T4, HR=1.387 [95%CI=1.017-1.891], p=0.039), tumour grade (G1+G2 vs.
G3+G4, HR=1.329 [95%CI=1.036-1.704], p=0.025), as well as an elevated pretreatment
eosinophil granulocytes count (<200/µl vs. >200/µl, HR=1.472 [95%CI=1.103-1.964],
p=0.009) achieved independent predictor status regarding OS, respectively (Fig. 5).
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Figure 3.1: Kaplan-Meier curves for OS
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Table 3.1: Descriptive clinico-pathological parameters of the study cohort comprising of
patients with non-metastatic clear cell renal cell carcinoma (n=677)

Parameter Number (%)
Age at operation (years)
Mean ± SD 64.0 ± 12
Median 65.0
Range 9.0 - 88.0
Gender
Male 404 (59.7%)
Female 273 (40.3%)
pathologic T-stage (TNM 2010)
T1a 334 (49.3%)
T1b 117 (17.3%)
T2a 32 (4.7%)
T2b 5 (0.7%)
T3a 169 (25.0%)
T3b 16 (2.4%)
T3c 2 (0.3%)
T4 2 (0.3%)
Tumour grade
G1 170 (25.1%)
G2 410 (60.6%)
G3 92 (13.6%)
G4 5 (0.7%)
Presence of histologic tumour necrosis
No tumour necrosis 512 (75.6%)
tumour necrosis 165 (24.4%)
Sarcomatoid transformation
No sarcomatoid transformation 653 (96.5%)
Sarcomatoid transformation 24 (3.5%)
Eosinophil granulozytes
< 200/µl 435
≥ 200/µl 242
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Table 3.2: Multivariate analysis of clinico-pathological parameters for the prediction of
overall- survival (OS) at 10 yrs. in patients with non-metastatic clear cell
renal cell carcinoma (n=677)

Parameter OS
HR (95% CI) p-value

Gender
Male 1 (reference)
Female 0.839 (0.627 - 1.121) 0.235
Age at operation
< 65 years 1 (reference)
≥ 65 years 1.037 (1.023 - 1.052) <0.001
Tumour grade
G1 + G2 1 (reference)
G3 + G4 1.329 (1.036 - 1.704) 0.025
pathologic T-stage
T1 1 (reference)
T2 1.490 (0.789 - 2.816) 0.219
T3 + T4 1.387 (1.017 - 1.891) 0.039
Presence of tumour necrosis
No 1 (reference)
Yes 1.082 (0.779 - 1.501) 0.639
Eosinophile granulocytes
< 200/µl 1 (reference)
≥ 200/µl 1.472 (1.103 - 1.964) 0.009
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4 Discussion

Although RCC represents a relatively rare disease, it counts for about 90% of all malig-
nant renal lesions.
A lot of potential biomarkers have been identified in the past by different research teams
around the world, but none of them have been included into daily routine clinical prog-
nostic models so far, particularly because of validation difficulties regarding the different
study results [52–55,57].
Naturally, various problems arise, regarding the comparability of medical scoring sys-
tems in general:
1) They are each generated in different patient cohorts with distinct clinico-pathologic
features.
2) They concern different timelines, using various methodological approaches, as well as
endpoints.
3) Some major scoring systems were externally validated, while others were not.
4) A lot of these models lack biomarker-driven information and data, which would help to
better understand the underlying molecular pathways and explains, why several groups
of researchers (including our own) focused on integrating biomarkers (mostly blood-
based), as well as clinico-pathologic patient features into combined models [52–54,57].
Nevertheless, the incorporation of non-validated biomarker-information into existing al-
gorithms remains problematic, since it would require a revalidation of the entire algo-
rithm.
To the best of our knowledge, the potential prognostic significance of the pretreatment
eosinophil count in non-metastatic clear cell RCC patients has not been evaluated yet.
Regarding our large (n>670) non-metastatic clear cell RCC patient cohort, multivariate
analysis of clinico-pathological parameters for the prediction of OS at 10 years after
surgery revealed patients age at operation, pathologic T-stage, tumour grade, as well as
an elevated pretreatment eosinophil granulocytes count to represent independent pre-
dictors regarding OS.
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Why eosinophile granulocytes are often elevated in tumorous lesions of different en-
tities and wheter they are active against tumour cells or only act as mediators to attract
T- cells is not clear until today.
Several studies indicated that tumour infiltrating neutrophils or lymphocyte subtypes
might play a meaningful role for the biological behaviour of tumour cells in RCC. For in-
stance, Jensen et al. demonstrated that a high number of intratumoural neutrophils is a
strong and independent poor prognostic factor for the clinical outcome in localised clear
cell RCC [58]. In a study by Kondo et al. the authors demonstrated a favourable outcome
for RCCs where high levels of lymphocytic attractant chemokines are expressed [59].
Hotta et al. postulated that the intratumoural CD45RO+ memory T-cell status has a
significant independent prognostic value, indicating that the adaptive immune response
is functionally critical in human RCC [60]. Cumulating data indicated that T regulatory
cells (Tregs), which are detectable by different markers such as CD4CD25 positivity and
intracytoplasmic-Foxp3 expression, are involved in RCC progression and RCC progno-
sis [61]. Carretero et. al. showed that activated eosinophiles are able to change the
microenvironment of the tumour and thus to promote an infiltration of CD8+ T-cells,
which might improve the immuno- response of the patient and subsequently lead to a
better prognosis [62].
After all, since a direct comparison with other RCC patient cohorts is not feasible for
the time being, the reason for our results remain elusive. Acknowledging important
limitations of our study, such as the retrospective nature of data assessment, as well
as multiple surgeons involved, we do believe that a further evaluation of the potential
prognostic significance of the pretreatment eosinophil granulocytes count in independent
clear cell RCC datasets is strongly warranted.
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5 Conclusion

In the cohort studied, an elevated pretreatment eosinophil granulocytes count was con-
firmed as an independent predictor of OS in the non-metastatic clear cell RCC setting.
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