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Abstract

Background Inflammation, especially the cytokine

response of the IL-1 family, has been shown to influence

susceptibility to gastric cancer. In addition, several other

pro-inflammatory cytokines have been demonstrated to

influence metastasis and resistance to chemotherapy.

Therefore, genetic variations within these genes may not

only affect susceptibility but also influence the outcome of

gastric cancer patients. A limited number of studies showed

indeed an association of IL-1b and IL-1RN variations with

survival of gastric cancer patients. However, results are

inconsistent, possibly because of different patient cohorts

and different therapies.

Methods In this retrospective cohort study we genotyped

154 patients with gastric cancer for IL-1b and IL-1RN

variations. Patients had undergone pathologically proven

R0 resection and had received no additional adjuvant

treatment.

Results We show here a protective association with dis-

ease-free survival for both heterozygous genotypes, IL-1b
SNP C-511T (rs16944) and IL-1RN VNTR. The combi-

nation of both heterozygous genotypes is the strongest

predictor independent of UICC stage.

Conclusion Genetic variations in the IL-1b and IL-1RN

genes influence disease progression in gastric cancer.

Screening for these genetic variations might help to stratify

therapies for gastric cancer patients in the future.

Keywords Innate immune response � IL-1RN variable

number tandem repeat � IL-1b polymorphism

Introduction

Gastric cancer is the third most common cause of cancer-

related death for male individuals in the developed world.

Despite the decline in incidence, nearly 1 million new

cases are diagnosed per year [1]. In general, chronic

inflammation is a risk factor for most cancers [2]. One of

the main reasons for chronic inflammation of the stomach

is colonization with Helicobacter pylori. Subsequent

chronic gastritis is the most recognized etiological risk

factor for non-cardia gastric cancer [3–5]. Although half

the world’s population has been infected with H. pylori,

only \3 % of the infected subjects are diagnosed with

gastric cancer, indicating the strong influence of the host

genetic background [6, 7]. The immunological response to

H. pylori infection strongly involves the cytokine response

of the innate immune system, and particularly interleukin 1

(IL-1) [8]. In agreement with this, variations within the

IL-1 gene family have been associated with the suscepti-

bility to gastric cancer [9, 10].
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The IL-1b single-nucleotide polymorphisms (SNPs),

located within the IL-1b promoter, are closely linked and

have been shown to interfere with transcriptional activity

of the IL-1b gene [9]. The penta-allelic polymorphism of

the IL-1RN gene (coding for the IL-1 receptor antagonist,

IL-1RA) corresponding to variable numbers of a 86-bp

sequence in intron 2 and first identified by Tarlow et al.

[11], has been shown to alter the inflammatory response.

However, there have been conflicting reports regarding the

functional consequence of these variations. Although

chronic inflammation and, subsequently, genetic variations

affecting the immune responses have been well associated

with an increased risk for cancer [2, 10], few data regarding

their influence on outcome following surgery are available.

Because the inflammatory network in cancer not only

affects susceptibility but also metastasis and chemoresis-

tance, an impact of the immune status on the course of the

disease and prognosis should be expected [2].

Recently, three studies investigated polymorphisms

within the IL-1 gene cluster and the course of gastric cancer

in patients receiving neoadjuvant or palliative chemother-

apy [12–14]. Stocker et al. [13] showed the homozygous

IL-1RN S allele to be significantly associated with worse

outcome in patients receiving neoadjuvant chemotherapy,

whereas the IL-1b SNP C-511T (rs16944) is not. Of note,

they found no association with chemotherapy response. In

contrast, Graziano et al. [12–14] postulated a favorable

effect of the IL-1RN S allele by counterbalancing the

adverse influence of the IL-1b C-511T allele in advanced

gastric cancer patients receiving palliative chemotherapy.

Tahara et al. [14] reported a protective effect of the IL-1b
C-511T allele in advanced gastric cancer.

The usual treatment strategy for newly diagnosed gastric

cancer includes surgical resection and perioperative che-

motherapy according to the disease stage at diagnosis [15].

To avoid the influence of chemotherapy or severity of the

disease on genetic association, we here investigated the

association of the IL-1b SNP C-511T and IL-1RN varia-

tions with the outcome of 154 gastric cancer patients who

all had complete tumor resection (pathologically proven R0

resection) without additional perioperative treatment.

We found here the homozygous wild type and mutated

genotype for both IL-1RN and IL-1b C-511T to be associated

with shorter disease-free survival. This finding is in partial

agreement with Stocker et al. [13], who found the IL-1RN S/S

homozygote mutated IL-1RN genotype to be associated with

a worse outcome. In our study, only the heterozygous IL-1RN

genotype showed an improved outcome. Similar results were

obtained for the IL-1b SNP C-511T, showing again the

heterozygous genotype to be associated with longer disease-

free survival. The combination of both heterozygous geno-

types improved the association in a multivariate analysis

adjusted for other independent predictors. Apart from the

UICC tumor stage at the time point of diagnosis and Lauren

classification, only the genotype was associated with tumor

outcome. The protective effect of this genotype seems to act

predominantly in diffuse and mixed type of gastric cancer.

Materials and methods

Patients

Patients included in this retrospective cohort study were

treated at the Robert-Rössle Klinik, Berlin-Buch, Charité

Medical Center Berlin between 1999 and 2006. All patients

had histologically proven gastric adenocarcinoma that was

diagnosed before R0 resection. Surgical procedures included

total or partial gastrectomy with D2 lymphadenectomy and

additional resection of adjacent organs if surgically necessary

for complete resection. Radiologic suspicion of distant

metastasis at the time of surgery led to exclusion from the

study. Also patients with a previously operated stomach,

preoperative neoadjuvant chemotherapy, existence of esoph-

ageal or other than non-cardia gastric cancer, no exact tumor

location, and unknown UICC stage were excluded from

analysis because of possible interference with prognosis.

Patients were followed up by the institution’s outpatient clinic

and study center. All patients gave a broad consent before

treatment to participate in the studies. All steps of the study

were performed according to the principles of the Helsinki

declaration. A total of 154 patients could be included and

analyzed for IL-1RN and IL-1b variations. A summary of the

included patient characteristics is given in Table 1.

Genotyping

Genomic DNA was isolated by standard procedures from

whole blood. All subjects were genotyped for the VNTR of

IL-1RN and IL-1b C-511T (rs16944) by polymerase chain

reaction (PCR) and gel electrophoresis or melting curve

analysis, respectively.

IL-1RN variations were determined using primers (TIB

Molbiol, Berlin, Germany) described by Tarlow et al. [11].

The PCR conditions were as follows: 95 �C for 4 min; then

30 cycles of 94 �C for 30 s, 60 �C for 30 s, and 72 �C for

40 s; then 72 �C for 5 min. The PCR products were analyzed

by gel electrophoresis. The alleles were named as described

by Tarlow et al. [11], whereby alleles 1, 2, 3, 4, and 5 consist

of four, two, five, three, and six 86-bp repeats, respectively.

The alleles 1 and 2, also known as long and short, respec-

tively, represent the majority of alleles.

IL-1b genotyping for the IL-1b C-5211T (rs16944) SNP

was performed by melting curve analysis employing the

LightCyler LC 480 platform (Roche Diagnostic, Mann-

heim, Germany) using the following primers and probes:
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forward primer: tggcattgatctggttcatc; reverse primer: ca-

atagccctccctgtctgtat, anchor probe: LC640-aacagcaccca

aggtagagacccacacc, and sensor probe acagagagctcccgag

gcaga-FL, resulting in melting peaks at 65.3 �C and

57.6 �C for the wild type and mutated allele, respectively.

The LightCycler assay was designed by O. Landt (TIB-

MOLBIOL, Berlin, Germany).

Statistical analysis

Variables influencing disease-free survival were analyzed

by univariate and multivariate backward Cox regression

employing the IBM SPSS Statistics software package

(version 20.0; IBM, Munich, Germany). Values of

P \ 0.05 were considered statistically significant.

Results

Characteristics of patients: short- and long-term

outcome

Overall, 154 patients were included in the analysis. Mean

age at diagnosis was 62.0 years (SD, 12.1); 93 patients

were male (60.4 %) and 61 were female (39.6 %), which

roughly represents epidemiological data on prevalence in

Germany [16]. All patients underwent complete surgical

resection with curative intention. Most of the procedures

were complete gastrectomies (n = 115, 74.7 %) or resec-

tion of the cardia (n = 25, 16.2 %), in part with adjacent

organs, then considered as multivisceral resections

(n = 38, 24.7 %). In 14 patients (9.0 %), distal stomach

resection was performed. In all patients the described

surgery resulted in a histological proven complete removal

of the tumor (R0 resection). No perioperative death

occurred in this cohort. Patients were further classified into

UICC classes (UICC Version 2007): 34 patients (22.1 %)

had early gastric cancer. Table 1 gives an overview of the

patient characteristics in the study.

Overall mortality in the study period was 77/154

(50.0 %): 58 of these deaths (75.3 %) were gastric cancer

related and 16 were not tumor related (20.8 %) or were a

newly diagnosed secondary malignity (n = 3, 3.9 %). The

5-year mortality was 41.6 % (n = 64). Mean survival for

the cohort was 43.7 months (95 % CI, 40.5–47.0). In 71

patients, the tumor recurred (5 local recurrence, 53 local or

distant metastasis, and 13 both). Tumor recurrence corre-

lated with UICC classes, and mortality from cancer

occurred more frequently in higher UICC classes. We

therefore regarded this cohort as representative of operated

gastric cancer patients in general.

Results of genotyping

Overall, we describe two genetic variations in the IL-1

gene family. As described, the IL-1RN VNTR consists of

five major alleles resulting in several possible genotypes. In

our study 150 (97.5 %) of the patients were carrying one of

the most common genotypes, L/L (79/150), L/S (60/150),

or S/S (11/150). The frequency of the long allele was 73 %.

Overall, four rare genotypes, of which only allele 3 was

present in this cohort, were detected.

The IL-1b C-511T SNP was present in 74 patients

(53.9 %), of which 19 were homozygous and 65 hetero-

zygous. Thus, the allele frequency was 33 %, which is

consistent with a previously reported distribution [9]. The

distribution of these genotypes is shown in Table 2. Both

variations were in Hardy–Weinberg equilibrium.

Risk assessment for disease-free survival

To estimate the effect of single risk factors on disease-free

survival, we calculated hazard ratios (HR) for different

factors potentially being associated by univariate Cox

regression analysis (Table 3). Disease-free survival was

defined as absence of metastasis and tumor recurrence. As

expected the known risk factors were UICC stage [IB: HR,

Table 1 Patient characteristics of the 154 patients in the study

Characteristic

Male sex, number (%) 93 (60.4)

Mean age, years (SD) 62.0 (12.1)

Histopathological features

UICC number (%)

Stage IA 27 (17.5)

Stage IB 30 (19.5)

Stage IIA 36 (23.4)

Stage IIB 35 (22.7)

Stage IIIA 17 (11.0)

Stage IIIB 8 (5.2)

Stage IIIC 1 (0.6)

Lauren, number (%)a

Intestinal 52 (33.8)

Diffuse 67 (43.5)

Mixed 17 (11.0)

Early gastric cancer 34 (22.1)

Surgical procedures

Gastrectomy 115 (74.7)

Distal resection (2/3 or 4/5) 14 (9.1)

Cardia resection 25 (16.2)

Multivisceral procedure 38 (24.7)

a Patients without Lauren classification, n = 18 (11.7 %): missing or

impossible classification. Multivisceral procedure: any gastric resec-

tion in combination with adjacent organs as necessary for complete

tumor removal
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1.36, P = 0.46; IIA: HR, 3.31, P = 0.001; IIB: HR, 3.79,

P \ 0.001; IIIA: HR, 8.74, P \ 0.001; IIIB: HR, 11.17,

P \ 0.001; and IIIC: HR, 5.26, P = 0.116 (because there

is only one patient with UICC IIIC this P value is not

significant], lymphatic invasion (HR, 2.31, P \ 0.001),

early gastric cancer (HR, 3.27, P \ 0.001), and Lauren

classification (intestinal versus diffuse and mixed type: HR,

0.56, P = 0.005) showed a significant association with

disease-free survival. As expected, higher UICC stages,

lymphatic invasion, and early gastric cancer are associated

with increased hazard ratios, whereas intestinal gastric

cancer is associated with decreased hazard ratio compared

to diffuse and mixed type of gastric cancer. Gender showed

only a borderline association, with males having a slightly

improved disease-free survival (HR, 0.70, P = 0.082). Age

showed no association with disease-free survival (data not

shown).

Influence of the genotype on disease-free survival

in gastric cancer patients

Univariate Cox regression analysis revealed that, in addi-

tion to known risk factors, the heterozygous genotypes of

both IL-1RN VNTR and IL1-b C-511 SNPs are also sig-

nificantly associated with disease-free survival (Table 3).

Heterozygous IL1 RN VNTR and IL1-b C-511 results in

improved disease-free survival (HR, 0.67, P = 0.054; HR,

0.67, P = 0.045, respectively). Because there are many

conflicting data in the literature regarding the effect of

these two genetic variations, we tested whether these two

variations may influence each other by analyzing their

interaction effect (IL-1-RN*IL-1b-511), comparing

patients heterozygous for both variations with patients who

were not heterozygous for both. As shown in Table 3 this

interaction variable showed a stronger positive effect on

disease-free survival than the two variables alone did (HR,

0.51, P = 0.010).

UICC stages, Lauren classification, and the combined

heterozygous genotype are the strongest predictors

for disease-free survival

Employing backward multivariate Cox regression analysis

with all variables analyzed previously, we could show that

only UICC stage (IB: HR, 0.83, P = 0.92; IIA: HR, 2.70,

P = 0.009; IIB: HR, 3.38, P = 0.001; IIIA: HR, 6.27,

P \ 0.001; IIIB: HR, 7.95, P \ 0.001; IIIC: HR, 4.20,

P = 0.176), Lauren classification (HR, 0.55, P = 0.008),

and the combined genotype (HR, 0.46, P = 0.009) are

significant independent risk and protective predictors,

Table 2 Distribution of IL-1RN and IL-1b-511 genotypes

Variant Number (%)

IL-1RNa n = 150

L/L (1/1) 79 (51.3)

L/S (1/2) 60 (39.0)

S/S (2/2) 11 (7.3)

IL-1b-511 n = 154

Wild-type C/C 70 (45.5)

Heterozygote C/T 65 (42.2)

Homozygote T/T 19 (12.3)

a For the IL-1RN variant, only common genotypes were included (3

patients displayed the 1/3 and 1 patient the 2/3 genotype)Therefore,

patient number is n = 150. L long, S short. Both variations were in

Hardy–Weinberg equilibrium (P = 0.93 and P = 0.52, respectively)

Table 3 Univariate Cox regression analysis for disease-free survival

Predictor P value Exp. b (HR) 95 % CI for HR

UICC stage

IA Ref.

IB 0.46 1.36 0.60–3.05

IIA 0.001 3.31 1.60–6.85

IIB \0.001 3.79 1.83–7.86

IIIA \0.001 8.74 3.89–19.62

IIIB \0.001 11.17 4.28–29.18

IIIC 0.116 5.26 0.67–41.60

Lymphatic invasiona \0.001 2.31 1.56–3.43

Early gastric cancera \0.001 3.27 1.83–5.87

Genderb 0.082 0.70 0.47–1.05

Lauren classificationc 0.005 0.56 0.37–0.84

IL1-RNd 0.054 0.67 0.44–1.01

IL1-b C-511Td 0.045 0.67 0.45–0.99

IL1-b C-511T*IL1-RN 0.010 0.51 0.31–0.85

Reference categories: aYes, bMale, cIntesinal, dHeterozygous

Table 4 Multivariate Cox regression analysis for disease-free sur-

vival including the interaction variable

Predictor P value Exp. b (HR) 95 % CI for HR

UICC stage

IA Ref.

IB 0.83 0.92 0.40–2.09

IIA 0.009 2.70 1.28–5.71

IIB 0.001 3.38 1.59–7.15

IIIA \0.001 6.27 2.63–14.93

IIIB \0.001 7.95 2.78–22.72

IIIC 0.176 4.20 0.53–33.48

Lauren 0.008 0.55 0.37–0.86

IL1-b C-511T*IL1-

RNa
0.009 0.46 0.26–0.82

a Heterozygous reference category. Other variables in model: lym-

phatic invasion, early gastric cancer, gender, IL-1b C-511T, IL1 RN
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respectively (Table 4). As it is known that intestinal and

diffuse/mixed types of gastric cancer rely on different

pathomechanisms, we analyzed these two groups sepa-

rately. As shown in Table 5, the combined genotype is a

protective predictor only in patients with diffuse or mixed

type of gastric cancer (HR, 0.34, P = 0.008) but not in

patients with intestinal type of gastric cancer. As expected

the UICC stage is a similarly strong risk predictor in both

groups.

Discussion

Genetic variations affecting the immune response have

been well associated with the risk of gastric cancer [17].

Variations of the genes encoding for the IL-1 family in

particular seem to be associated [9]. It is known that

members of the IL-1 family are involved in multiple

aspects of tumor biology such as carcinogenesis, metasta-

sis, and angiogenesis (reviewed by Dinarello [18]). Most

studies on the effects of IL-1 clearly show that the pro-

inflammatory effects of IL-1b negatively influence tumor

biology by increasing tumor growth and by facilitating

angiogenesis among others. Furthermore, IL-1b has also

been shown to be involved in chemoresistance [19].

Additionally, decreasing effects of the antiinflammatory

IL-1 RA also promote tumor growth in several models,

including blocking antibodies and knockout mice [18]. In

line, pro-inflammatory variations of the IL-1 family have

been associated with an increased risk for gastric cancer

[9].

Because metastases as well as chemoresistance are

prognostic factors for survival, it has been speculated that

variations of the IL-1 family genes may also affect patient

outcome. To date, only three studies are available inves-

tigating IL-1b and IL-1RN variations and survival of gastric

cancer patients, and these led to conflicting results [12–14].

Stocker et al. [13] found the IL-1RN S/S genotype to be

associated with worse outcome, whereas the C-511T IL-1b
SNP is not. Garziano et al. [12] and Tahara et al. [14] found

the IL-1b promoter variations to be associated with patient

survival. These converse results may depend on differences

in ethnicity or other patient characteristics or therapies

applied. Furthermore, the study groups differed in Lauren

classification and received different therapies, neo-adjuvant

or palliative, respectively. Of note, despite different results

regarding genotype associations, both Stocker and Grazi-

ano found the detected associations were not influenced by

therapy received [12, 13].

We investigated here a highly homogeneous collective

of gastric cancer patients. None of them had organ

metastasis at the time of diagnosis, all were treated as R0

resection, and none of them received perioperative neo-

adjuvant or adjuvant chemotherapy. In agreement with

Stocker et al. [13], we found the homozygous IL-1RN allele

S to be associated with decreased outcome. In contrast, we

also found the homozygous IL-1RN allele L to be associ-

ated with a worse outcome; only the heterozygous L/S

genotype showed an improved disease-free survival. In

agreement with Garciano et al. [12], we found an associ-

ation of the IL-1b C-511T variation with survival. Similar

to IL-1RN variations, the heterozygous genotype was sig-

nificantly associated with improved outcome. In addition,

the combination of both heterozygous genotypes showed a

further improved survival compared to subjects carrying

only one or no heterozygous genotype. Besides UICC

staging and Lauren classification, this combined genetic

variable is the only independent variable associated with

disease-free survival. Furthermore, the protective effect of

this genotype seems to act predominately in diffuse and

mixed type of gastric cancer. However, because of the low

and different sample numbers this result should be taken

with care. Larger study groups are needed to confirm this

result.

The IL-1b promoter polymorphisms have been associ-

ated with increased IL-1b production [9] Also, the IL-1RN

S allele has been shown to be associated with enhanced IL-

1b production, although conflicting data have been repor-

ted [20, 21]. IL-1RN and IL-1b variations may affect IL-1b
production differentially. Therefore, investigation of single

variations may be the reason for conflicting data. In this

Table 5 Multivariate Cox regression analysis for disease-free sur-

vival in separate patient groups differing by Lauren type

Predictor P value Exp. b
(HR)

95 % CI

for HR

UICC stage

Diffuse type of gastric cancer

IA Ref.

IB 0.865 1.09 0.41–2.92

IIA 0.082 2.29 0.90–5.81

IIB 0.023 2.87 1.16–7.10

IIIA \0.001 16.68 5.57–49.94

IIIB 0.006 7.04 1.76–28.14

IIIC 0.129 5.17 0.62–43.18

IL1-b C-511T*IL1-RNa 0.008 0.34 0.15–0.75

Intestinal type of gastric cancer

IA Ref.

IB 0.890 0.89 0.18–4.23

IIA 0.078 3.85 0.86–17.15

IIB 0.040 4.98 1.08–22.98

IIIA 0.102 4.22 0.75–23.70

IIIB 0.007 13.28 2.04–86.43

a Heterozygous reference category. Other variables in model: lym-

phatic invasion, early gastric cancer, gender, IL-1b C-511T, IL1 RN

IL-1 variations in gastric cancer 81
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regard, our finding that the IL-1RN and IL-1b variations

influence each other is of special interest. However, pro-

inflammatory variations of the IL-1 family have been

associated with an increased risk for gastric cancer and

may potentially also be associated with worse outcome

after surgery [9].

Our analysis suggests that the protective effect of the

heterozygous genotype is predominantly present in patients

with diffuse or mixed-type carcinomas. The chain of events

leading to these specific subtypes of gastric cancer is dif-

ferent as described in a recent review by Grabsch and Tan

[22]. One important step leading to the development of the

diffuse type of gastric cancer is hypermethylation of the

E-cadherin promoter [23]. There is one report linking the

IL-1b C-511T variation with hypermethylation of E-cad-

herin [24]; however, it seems necessary to further evaluate

inflammatory pathways in these distinct histopathological

subtypes as this could help us understand the etiology and

pathogenesis of these subtypes of gastric cancer.

Our data show a heterozygote advantage for both the IL-

1b C-511T SNP and the IL-1RN VNTR by univariate

analysis. A recent meta-analysis on these variations and

susceptibility to gastric cancer was able to show an

increased risk for IL-1b C-511T TT plus CT (T carriers)

versus CC genotypes based on a dominant model. Fur-

thermore, these authors showed an association of the IL-

1RN S allele with increased risk of gastric carcinoma [25].

These results seem to contradict our findings, but our study

investigated survival and long-term effects, and not sus-

ceptibility, which could be the reason for different results.

Furthermore, the finding that both variations may influence

each other could be an explanation for these contradicting

results.

However, heterosis has been postulated for several other

variations in common genetic diseases, e.g., malaria, and

has been postulated to be a natural consequence of adaption

in diploids [26, 27]. Regarding the inflammatory response,

heterozygosity of the mannose binding lectin genotype

predicts an advantage to fatal outcome of sepsis patients

[28]. Furthermore, heterozygosity of the Toll-like receptor

adaptor protein TIRAP/MAL has been associated with

protection from tuberculosis, pneumococcal disease, and

bacteremia [29]. Different molecular mechanisms for het-

erosis are discussed by Comings and MacMurray [30]. One

possibility is the involvement of one mutation in different

pathomechanisms. In case of sickle cell trait the homozy-

gous mutation within the globin gene is deleterious because

of anemia, whereas the wild-type genotype is prone to

Plasmodium falciparum infection, resulting in a heterozy-

gote advantage [31].

IL-1b is a pleiotrophic cytokine with a variety of functions

[18]. Little is known about short- and long-term regulation of

IL-1b in malignant disease. One proposed mechanism of

tumor defense even involves Il-1b for eradication of tumors

[32]. Also, regulation of IL-1b levels and other pro- or

antiinflammatory cytokines of that family might interact,

tending toward a certain balance. Also, resistance against

endogenous IL-1b may develop, making these carriers less

prone to potential negative IL-1b effects. One potential

mechanism of reduced tumor recurrence despite potentially

higher IL-1b levels in heterozygous carriers of either variant

may be caused by a certain resistance to these levels by

downregulated receptors or through other regulatory mech-

anisms. However, this is highly speculative as there is not

substantial scientific evidence on this matter. Overall, the

effects on cancer are complex and often of opposing nature

(reviewed by Apte and Voronov [33]) and may therefore

result in heterozygote advantage regarding certain aspects of

disease progression.

In conclusion, we show here that both heterozygous

genotypes of the IL-1RN and IL-1b C-511T variation are

associated with enhanced disease-free survival. Especially,

the combined heterozygote genotype is an independent

protective predictor for disease-free survival predominantly

in patients with diffuse and mixed-type gastric cancer. This

combined genotype has a stronger impact than most other

associated factors and is, together with UICC stage and

Lauren classification, the only independent predictor of

disease-free survival. Although clear data on the local and

systemic effects of these variations on IL-1 cytokines are

lacking, it is worth speculating that screening for these

genetic variations might help tailor therapies involving, for

example, direct inhibition of IL-1 or other cytokines

involved in the process of tumor growth and spread of

metastasis [34]. Furthermore, if our results could be con-

firmed by larger studies, one may speculate on including

genotyping into UICC scoring.
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