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Cytokines play a central role in multiple myeloma (MM) pathogenesis thus genetic variations within
cytokines coding genes could influence MM susceptibility and therapy outcome. We investigated the
impact of 8 SNPs in these genes in 202 MM cases and 235 controls also evaluating their impact on
therapy outcome in a subset of 91 patients. Despite the overall negative findings, we found a significant
age-modified effect of IL6 and TNF-« SNPs, on MM risk and therapy outcome, respectively. Therefore,
this observation suggests that genetic variation in inflammation-related genes could be an important

Keywords:

Multiple myeloma
Genetic susceptibility
Pharmacogenetics
SNP

Inflammation

IL6

TNF-a

mediator of the complex interplay between ageing and cancer.
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1. Introduction

Multiple myeloma (MM) is the second most common haemato-
logical neoplasm, accounting for 10% of blood cancers and 1% of all
cancers. A certain degree of familial aggregation has been observed,
suggesting that genetic factors can be involved in the pathogenesis
and the evolution of MM [1].

It has been shown that proliferation of normal and malignant
plasma cells is under control of a complex network of cytokines,
like interleukin (IL)-1f3, IL2 and its receptor (IL2R), IL3, IL4, IL6
and IL6R, tumour necrosis factor (TNF)-«, IL10 and IL11 [2]. There-
fore, the relationship between cytokine genetic variability and risk
of developing MM or therapy outcome has been widely investi-
gated. Nevertheless, results are often controversial and most of the
findings failed to be replicated in other studies [3].
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To contribute to clarify the role of cytokine genetic variation in
the susceptibility to MM, we selected eight missense or functional
SNPs in cytokine coding genes (IL1B rs16944, IL1R1 rs2228139, IL2
12069762, IL2RB rs228942, IL6 rs1800797, IL6R rs2228145, TNFu
rs1800629 and TNFR2 rs1061622) and analyzed the genotype dis-
tributions in a case-control study of 202 MM patients and 235
healthy controls. In addition, we evaluated the role of the same
variants in relation to therapy response and progression free sur-
vival (PFS) after autologous stem cell transplantation (ASCT) in a
subgroup of 91 patients that underwent to ASCT after front line
treatments.

2. Patients and methods

Between September 1992 and November 2009, 202 MM patients were recruited.
Two-hundred and thirty five healthy subjects with a comparable age range
(35-87) and gender distribution as MM cases were enrolled. Details are given in
supplementary methods.

Complete follow-up and therapy data concerning ASCT were available for 91 out
of 202 MM patients. Subjects with complete or partial response were considered
Responders (R), while patients with stable or progressive disease were considered
Non Responders (NR). Progression Free Survival (PFS) was calculated as the time
(months) from the start of treatment (first ASCT) to disease progression or death
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Table 1
Demographical and clinical characteristics of the MM patients.

Cases and controls population

Cases Controls p-value®

Age
Average 61.6+9.9(35-87)2 58.84+10.9 (35-89)?
Median 62 (54-68)° 59 (50-67)" 0.00
Gender (male/female) 108/94 129/106 0.76
Durie-Salmon (I/1I/III/n.d.) 34/34/132/2
ISS (1/11/11l/n.d.) 88/32/29/53
2-microglobulin (ug/L) 2.4(1.4-4.3)
Creatinin (mg/dL) 0.9(0.8-1.1)°
Albumin (g/dL) 4(3.6-4.3)°
Hemoglobin (mg/dL) 11.6 (10-13.3)P

Clinical characteristics of 91 subjects receiving ASCT

Overall Clinical characteristics in age strata
Age at diagnosis
Average 58.27 £ 8.55 (35-75)?
Median 59 (52-65)° Age <60 (years) Age > 60 (years) p-value®
Gender (male/female) 48/43 25/22 23/21 0.93
Durie-Salmon (I/II/III) 21/20/50 11/11/25 10/9/25 0.93
ISS (1/11/111) 60/20/11 33/12/2 27/8/9 0.06
B2-microglobulin (ug/L) 2.18(1.6-4.2)° 2.0 (1.4-3.4)° 2.4(1.9-4.9)° 0.03
Creatinin (mg/dL) 0.9 (0.7-1.0)° 0.9 (0.7-1.0)° 0.9 (0.7-1.0)° 0.28
Albumin (g/dL) 4.1(3.6-4.3) 4.1(3.6-4.3)" 4.1(3.7-4.3)° 0.97
Hemoglobin (mg/dL) 11.9(10.6-13.6)° 11.9(10.2-13.7)° 11.9(10.7-13.4)° 0.99
1st line therapy R/NR 62/29 29/18 33/11 0.17
Melphalan dosage 100/200 mg/m? 55/36 11/36 44/0 0.00
ASCT R/NR 60/31 29/18 31/13 0.38
ASCT 1/2 35/56 22/25 13/31 0.09
PFS (months) 17 (10-28)° 18.0 (10-28)° 17 (10.5-28.5)P 0.93

ISS: International staging system, R: responders, NR: non responders, ASCT: autologous stem cells transplantation, ASCT 1/2: single or tandem ASCT, PFS: progression free

survival. Values in bold show p <0.05.
2 Mean (range).
b Median (25th-75th percentile).

¢ A non-parametrical Kruskal-Wallis test for unpaired samples was used to compare distributions, while a x? test was used to compare proportions.

(Table 1). Sensitivity analysis was also performed calculating the PFS from the date
of the second ASCT for patients undergoing tandem transplantation.

Genotyping was carried out using TagMan assays (Applied Biosystems, Foster
City, USA) according to protocol specified from the manufacturer. All genotypes
were obtained in duplicate. The Hardy-Weinberg equilibrium (HWE) in controls
was tested for each polymorphism by the Chi-square (x2) test. Chi-square and
Kruskal-Wallis test was used to compare gender and age distribution between cases
and controls, respectively.

Unconditional logistic regression was used to assess genotype distributions
between cases and controls, as well as between R and NR, considering the homozy-
gotes for the more frequent allele among controls as the reference class. Among
cases, PFS was evaluated using the Kaplan-Meier analysis, and log-rank test. Haz-
ard ratio estimates (HR) and 95%CI were calculated using Cox proportional hazard
models. Test for interaction was performed through likelihood ratio test (detailed
methods are described in supplementary material).

3. Results

All SNPs resulted in HWE and allele frequencies were similar to
those already reported in the literature. We observed no differences
between distributions of genotypes among cases and controls for
each of the studied SNPs (supplementary Table 1). For all the SNPs,
no substantial differences between age- and gender-adjusted ORs
and unadjusted ORs were observed. Interaction between each SNP
and age was also examined, by dividing the subjects in two strata,
defined as under and over 60 years (using age median value as
cut off). IL6 rs1800797 (—597A>G) genotypes showed a different
distribution between cases and controls, in the stratum over 60 s. In
particular, carriers of the A allele resulted significantly less prone to
develop MM (ORcagrigrs: 0.55, 95%CI: 0.31-0.95, p=0.03) compared
to the G/G individuals of the same age stratum (Table 2a).

The median PFS of the 91 MM patients that underwent ASCT
was of 17 months (interquartile range 10-28). By examining the

relationship between PFS and several clinical parameters in age-
and gender-adjusted models (supplementary Table 4), no signif-
icant difference was seen, with exception of an increased risk
of progression for patients not responding to first line therapy
(HRErstLINENR = 244, 95%CI 1.36-4.39; p=0.01) or to transplanta-
tion (HRasct N =1.74, 95%CI 1.06-2.87; p=0.03) and for patients
receiving low dosage of Melphalan (HR=1.92, 95%CI 1.12-3.29,
p=0.02) (Supplementary Table 4). A multivariate model with all
clinical covariates (age, gender, 32-microglobulin, creatinin, albu-
min, haemoglobin, 1st line regimen, response to 1st line therapy
and ASCT, presence/absence of the second ASCT) was also per-
formed (data not shown). No substantial differences between age-
and gender-adjusted HRs and multi-adjusted HRs emerged.

We analyzed then the influence of the typed genetic variants
on the individual response to therapy in the 91 subjects for which
therapy data were available. None of the investigated loci showed
association with response to front line treatments, response to
ASCT or PFS (Supplementary Tables 2 and 3). However, analyzing
interaction with age, we observed that PFS of patients over 60s
was significantly associated with the TNF-« rs1800629 (—308G>A)
genotype: the carriers of the rs1800629_A allele showed a shorter
PFS, with 2.8-fold (HR: 2.79, 95%CI: 1.25-5.67, p=0.01) increased
risk of progression respect to patients of the same age stratum
with G/G genotype (Table 2b, Fig. 1). A lower Melphalan Dosage
(MD, 100 vs. 200 mg/m?) was administered to all patients over
60s and to 11 patients of the younger age stratum (most likely
because of the presence of severe co-morbidities) therefore we
investigate whether the observed interaction between age and
genotype could be due to MD. Despite the fact that MD and
age strata are often correlated on a clinical basis, the interaction
with TNF-« rs1800629 genotypes was significant for age strata
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