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ABSTRACT

Cereblon is a primary molecular target for immunomodulatory drugs. The aim 
of this study was to evaluate the influence of selected clinical and molecular factors 
including single nucleotide polymorphisms (SNPs) in CRBN gene on the efficacy of first 
line CTD (cyclophosphamide, thalidomide, dexamethasone) chemotherapy in patients 
with multiple myeloma. Study group consisted of 68 patients. Analysis of CRBN gene 
SNPs (rs6768972, rs1672753) was performed using Real-Time PCR genotyping 
technique. Median progression free survival (PFS) was 15 months and overall 
survival (OS) 79 months. Factors associated with significantly shorter OS included 
ISS 3, kidney disease, weight loss, anemia, thrombocytopenia, hypoalbuminemia, 
elevated β2-microglobuline and CRP. The presence of t(4;14) was associated with 
significantly shorter PFS and OS. Both examined SNPs proved to be statistically 
significant, independent predictive factors of efficacy of the CTD chemotherapy. The 
presence of AA genotype (rs6768972) correlated with longer median PFS (18 vs 
9 months; HR=0.49,95% CI: 0.26-0.91, p=0.0062). Conversely, in the carriers of 
CC genotype (rs1672753) significantly shorter median PFS was observed (4 vs 16 
months; HR=3.93, 95% CI: 0.26-59.64, p=0.0321). In conclusion, SNPs of the CRBN 
gene may be useful in qualifying patients for treatment with regimens containing 
thalidomide.

INTRODUCTION

Multiple myeloma (MM) is a malignant disease 
characterized by clonal proliferation of atypical plasma 
cells, which is usually accompanied by the expression of 
an abnormal monoclonal protein. It constitutes about 0.8% 
of all malignant neoplasms and is the third most prevalent 

cancer of the hematopoietic system. The progress in the 
treatment of MM that has occurred during the last 30 years 
is attributed to the introduction of immunomodulatory 
drugs (IMiDs) and proteasome inhibitors. According to the 
most recent data, 5-year survival in MM patients reached 
48.5% and median OS exceeded 6 years. However, the 
disease remains incurable [1, 2].
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Thalidomide, a drug with multidirectional activity 
towards bone marrow microenvironment and against 
myeloma cells was the first of IMiDs used in the therapy 
of MM. It directly affects the neoplastic plasma cells, 
stopping the cells in G1 phase and causing apoptosis. 
Furthermore, it inhibits the processes of angiogenesis and 
adhesion of myeloma cells to the bone marrow stroma. 
As a result of blocking the production and release of 
cytokines and growth factors, it inhibits the plasma 
cells development and migration. Moreover, it exhibits 
immunomodulatory activity associated with the induction 
of helper Th1 lymphocytes, excretion of interferon γ 
(IFN−γ) and interleukin 2 (IL−2) [3, 4].

The key to understanding thalidomide’s mechanism 
of action came with the discovery of cereblon (CRBN), 
which constitutes the common molecular target for 
IMiDs and is responsible both for their antiproliferative, 
antiangiogenic and immunomodulatory activity, and the 
occurrence of teratogenic adverse effects [5, 6]. It has been 
proven that high CRBN expression in patients with MM 
is associated with good clinical response to IMiDs, while 
inactivation of CRBN gene in cell lines and low protein 
expression determines resistance to treatment [7, 8].

The aim of the study was to identify potential 
factors that might affect individual response to 
chemotherapy based on thalidomide in combination with 
cyclophosphamide and dexamethasone (CTD). The study 
analyzed selected clinical and molecular factors including 
single nucleotide polymorphisms (SNPs) of the CRBN 
gene. Effect of SNPs of genes encoding proteins involved 
in drug metabolism is currently a very attractive subject 
of research in cancer biology. It has been shown that the 
genetically conditioned response to drugs, depending 
among others on SNPs, is one of the most important 
factors influencing the efficacy and safety of anticancer 
therapy [9, 10, 11]. Two investigated polymorphic sites: 
c.-414T>G, rs6768972 and c.-59g>A, rs1672753 were 
selected based on MAF (minor allele frequency, 28% 
and 39% respectively), data from literature and location 
in gene’s regulatory region with potential influence on 
expression or activity of the encoded protein. Apart from 
SNP’s we chose to analyze other factors associated with 
disease’s activity, which can potentially affect its course.

RESULTS

The distribution of the examined SNPs of CRBN 
gene (rs1672753, rs6768972) was not significantly 
correlated with such factors as: sex, age, family history 
of cancer, history of other cancers, type of monoclonal 
protein, class of light chains, disease stage and patient 
performance status. In patients diagnosed with secreting 
MM, TT genotype of the examined gene occurred more 
frequently than others (rs1672753: 51.7%, p=0.0025). 
In patients without t(4:16) translocation genotype AA 
(rs6768972: 55.6%, p=0.0030) was significantly more 

prevalent. Among patients exposed to carcinogens, the AA 
(rs6768972: 72%, p=0,0218) and TT (rs1672753: 80%, 
p=0.0150) genotypes were more prevalent. Genotypes 
AA, AC and CC of the CRBN gene (rs6768972) occurred 
respectively in 50%, 42.6% and 7.4% of subjects, whereas 
genotypes CC, CT and TT (rs1672753) occurred in 7.4%, 
35.3% and 57.3% of patients (Table 1). Genotypes of 
both examined SNPs were within the Hardy-Weinberg 
equilibrium (rs6768972: p=0.7256 and rs1672753: 
p=0.6276).

Median number of treatment cycles was 6 (range: 
1-12), while the follow-up period duration averaged 
27 months (range: 2-130). Median PFS was 15 months 
and OS 79 months. Almost half of the patients (47.1%) 
were subjected to autologous hematopoietic stem cell 
transplantation (auto-HSCT). Median time to auto-HSCT 
was 12 months (range: 1-36 months). Auto-HSCT was 
associated with significant extension of PFS (23 vs 10 
months; HR=0.55, 95% CI: 0.30-0.99, p=0.0210) and OS 
(not reached vs 50 months; HR=0.30, 95% CI: 0.13-0.70, 
p=0.0039).

Factors with significant impact on median PFS 
included grade of anemia before treatment and presence 
of both examined polymorphic variants of CRBN gene 
(Table 2). A significant shortening of median PFS was 
observed in patients with anemia grade ≥ IIo according 
to WHO (21 vs 8 months; HR=0.49, 95% CI: 0.26-0.93, 
p=0.0086). Shorter median PFS was also observed in 
carriers of genotypes CC (rs1672753) of CRBN gene (4 
vs 16 months; HR=3.93, 95% CI: 0.26-59.64, p=0.0321), 
whereas the presence of genotype AA (rs6768972) was 
associated with significant PFS extension (median 18 vs 9 
months; HR=0,49, 95% CI: 0.26-0.91, p=0.0062) (Figures 
1, 2).

A series of associations has been demonstrated 
between the analyzed factors and patients OS (Table 3). 
Patients in ISS stage I had significantly longer median OS 
compared to the rest of the subjects (82 vs 38 months; 
HR=0.42, 95% CI: 0.18-0.99; p=0.0338). In patients with 
normal renal function, classified as category A according 
to Durie-Salmon scale, significant extension of OS was 
also observed (82 vs 33 months; HR=0.34, 95% CI: 
0.09-1.27; p=0.0136). Clinical factors associated with 
significant shortening of OS included: weight loss before 
treatment (56 vs 103 months; HR=3.22, 95% CI: 1.42-
7.77; p=0.0028) and presence of anemia grade ≥ IIo (38 vs 
103 months, respectively; HR=0.24, 95% CI: 0.09-0.60; 
p=0.0002). Male sex was associated with insignificantly 
higher risk of OS shortening (50 vs 79 months; HR=2.45, 
95% CI: 1.06-5.63; p=0.0585).

Among the analyzed cytogenetic abnormalities, 
the presence of translocation t(4;14) was associated with 
significant OS shortening (33 vs 56 months; HR=2.99, 
95% CI: 0.59-15.10; 0.0453). Significant OS extension was 
observed in patients with normal platelet count (103 vs 38 
months; HR=0.42, 95% CI: 0.15-1.13; p=0.0306), albumin 
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Table 1: Patient characteristics with reference to the occurrence of CRBN gene genotypes (rs6768972 and rs1672753)
Variable CRBN n (%)

rs6768972 p
C

rs1672753 P
CAA

34 (50)
AC

29 (42,6)
CC

5 (7,4)
CC

5 (7,4)
CT

24 (35,3)
TT

39 (57,3)

Sex

Men 21 (53,8) 15 (38,5) 3 (7,7) 0,7187 2 (5,6) 13 (33,3) 24 (61,5) 0,6082

Women 13 (44,8) 14 (48,3) 2 (6,9) 0,0981 3 (10,3) 11 (37,9) 15 (51,7) 0,120

Age

<65 25 (54,4) 18 (39,1) 3 (6,5) 0,5817 4 (8,7) 15 (32,6) 27 (58,7) 0,7104

≥65 9 (40,9) 11 (50) 2 (9,1) 0,1250 1 (4,5) 9 (40,9) 12 (54,5) 0,0998

Smoking

Non-smokers 23 (50) 19 (41,3) 4 (8,7) 0,6368 5 (10,9) 15 (32,6) 26 (56,5) 0,6082

Active smokers 5 (41,7) 7 (58,3) - 0,190 - 5 (41,7) 7 (58,3) 0,196

Ex-smokers 6 (60) 3 (30) 1 (10) - 4 (40) 6 (60)

Exposure to carcinogenic factors

Yes 18 (72) 6 (24) 1 (4) 0,0218 1 (4) 4 (16) 20 (80) 0,0150

No 16 (37,2) 23 (53,5) 4 (9,3) 0,318 4 (9,3) 20 (46,5) 19 (44,2) 0,32

Family history of cancer

Yes 14 (48,3) 11 (37,9) 4 (13,8) 0,2074 4 (13,8) 10 (34,5) 15 (51,7) 0,2079

No 20 (51,2) 18 (46,2) 1 (2,6) 0,21 1 (2,6) 14 (35,9) 24 (61,5) 0,210

History of other cancers

Yes 2 (66,7) 1 (33,3) - 0,7910 - 1 (33,3) 2 (66,7) 0,8686

No 32 (49,2) 28 (43,1) 5 (7,7) 0,0828 5 (7,7) 23 (35,4) 37 (56,9) 0,0642

Diagnosis

Secretory 25 (43,1) 28 (48,3) 5 (8,6) 0,0753 4 (6,9) 24 (41,4) 30 (51,7) 0,0025

Light chain disease 8 (100) - - 0,380 - - 8 (100) 0,479

Non-secretory/
plasmablastic - 1 (100) - 1 (100) - -

Non-secretory/
pasmacytoma 1 (100) - - - - 1 (100)

Monoclonal protein class

IgA 9 (52,9) 7 (41,2) 1 (5,9) 0,6655 1 (5,9) 7 (41,2) 9 (52,9) 0,9848

IgG 17 (41,5) 21 (51,2) 4 (9,8) 0,117 3 (7,3) 17 (41,5) 22 (53,7) 0,0227

Light chain type

Lambda 15 (55,6) 9 (33,3) 3 (11,1) 0,3817 2 (7,4) 10 (37) 15 (55,6) 0,9163

Kappa 18 (46,2) 19 (48,7) 2 (5,1) 0,168 2 (5,1) 14 (35,9) 23 (59) 0,051

Durie-Salmon stage

I 2 (50) 1 (25) 1 (25) 0,5681 1 (25) 1 (25) 2 (50) 0,4491

II 3 (42,9) 4 (57,1) - 0,204 - 4 (57,1) 3 (42,9) 0,227

(Continued)
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Variable CRBN n (%)

rs6768972 p
C

rs1672753 P
CAA

34 (50)
AC

29 (42,6)
CC

5 (7,4)
CC

5 (7,4)
CT

24 (35,3)
TT

39 (57,3)

III 29 (50,9) 24 (42,1) 4 (7) 4 (7) 19 (33,3) 34 (59,7)

ISS stage

1 5 (33,3) 7 (46,7) 3 (20) 0,2882 3 (20) 5 (33,3) 7 (46,7) 0,3621

2 12 (54,5) 9 (40,9) 1 (4,54) 0,265 1 (4,5) 8 (36,4) 13 (59,1) 0,248

3 15 (51,7) 13 (79,3) 1 (3,4) 1 (3,4) 11 (37,9) 17 (58,6)

Deletion17p

Present 5 (55,6) 3 (33,3) 1 (11,1) 0,9044 - 4 (44,4) 5 (55,6) 0,6760

Absent 15 (53,6) 11 (39,3) 2 (7,1) 0,0735 2 (7,2) 10 (35,7) 16 (57,1) 0,144

Translocation t(4;14)

Present 2 (33,3) 4 (66,7) - 0,2563 - 4 (66,7) 2 (33,3) 0,2655

Absent 18 (58,1) 10 (32,2) 3 (9,7) 0,262 2 (6,5) 10 (32,2) 19 (61,3) 0,259

Translocation t(4;16)

Present - - 1 (100) 0,0030 - 1 (100) - 0,4299

Absent 20 (55,6) 14 (38,9) 2 (5,6) 0,489 2 (5,6) 13 (36,1) 21 (58,3) 0,209

Renal function 

A 29 (50,9) 23 (40,4) 5 (8,7) 0,4832 5 (8,7) 19 (33,4) 33 (57,9) 0,5049

B 5 (45,5) 6 (54,5) - 0,145 - 5 (45,5) 6 (54,5) 0,140

Stage of chronic kidney disease

G1 15 (46,9) 15 (46,9) 2 (6,2) 0,8964 3 (9,3) 11 (34,3) 18 (59,4) 0,8797

G2 8 (53,3) 5 (33,3) 2 (13,4) 0,260 2 (13,4) 4 (26,6) 9 (60) 0,266

G3a 3 (60) 1 (20) 1 (20) - 2 (40) 3 (60)

G3b 3 (50) 3 (50) - - 3 (50) 3 (50)

G4 3 (60) 2 (40) - - 1 (20) 4 (80)

G5 2 (40) 3 (60) - - 3 (60) 2 (40)

Performance status

0 5 (50) 2 (20) 3 (30) 0,0719 3 (30) 2 (20) 5 (50) 0,6871

1 9 (45) 9 (45) 2 (10) 0,382 1 (5) 8 (40) 11 (55) 0,204

2 15 (51,7) 14 (48,3) - - 12 (41,4) 17 (59,6)

3 5 (55,6) 4 (44,4) - 1 (11,1) 2 (22,2) 6 (66,7)

Body weight loss before treatment

Yes 17 (51,5) 15 (45,5) 1 (3) 0,4112 2 (5,7) 12 (34,3) 19 (54,3) 0,9199

No 17 (48,6) 14 (40) 4 (11,4) 0,160 3 (9) 12 (30,3) 20 (60,6) 0,0495

5% 7 (53,8) 5 (38,5) 1 (7,7) 0,4082 1 (7,7) 4 (30,8) 8 (61,5) 0,8448

10% 10 (50) 10 (50) - 0,227 1 (5) 8 (40) 11 (55) 0,101

(Continued)



Oncotarget24058www.oncotarget.com

(103 vs 56 months; HR=0.40, 95% CI: 0.1793; p=0.0237), 
CRP (82 vs 38 months; HR=0.44, 95% CI: 0.18-1.06; 
p=0.0456) and β2-microglobulin (B2M) (not reached vs 38 
months; HR=0.37, 95% CI: 0.16-0.88; p=00180). None of the 
variants of examined SNPs affected the risk of OS shortening.

Multivariate analysis using Cox’s regression model 
revealed factors which were independently associated 
with significantly higher risk of PFS shortening: male sex 
(p=0.0179; HR=4.59, 95%CI: 1.31-16.10), weight loss 
before treatment (p=0.0291; HR=3.09, 95% CI: 1.13-8.48) 
and the presence of genotypes AC or CC (rs6768972, 
p=0.0004; HR=10.55, 95% CI: 2.90-38.33). Factors which 
were independently associated with significantly lower risk 
of PFS shortening included: normal renal function (p=0.0294; 
HR=0.08, 95%CI: 0.01-0.77), absence of anemia or grade I 
anemia before treatment (p=0.0285; HR=0.24, 95%CI: 0.07-
0.85), normal B2M level (p=0.0080; HR=0.18, 95%CI: 0.05-
0.63), auto-HSCT (p=0.0052; HR=0.21, 95% CI: 0.07-0.62), 
absence of thrombocytopenia in the course of treatment 
(p=0.0007; HR=0.06, 95%: 0.01-0.31) and the presence 
of genotypes CT or TT (rs1672753, p=0.0442; HR=0.06, 
95% CI: 0.01-0.91). Factors which were independently 
associated with significantly lower risk of OS shortening 
included absence of thrombocytopenia (p=0.0090; HR=0.07, 
95%CI: 0.01-0.52) and absence of lymphopenia or grade I 
lymphopeniaaccording to CTCAE (p=0.0486; HR=0.22, 
95%CI: 0.05-0.98) (Table 2).

DISCUSSION

The goal of the first line MM treatment is to achieve the 
best possible response - preferably remission. Until recently, 
CTD chemotherapy was a standard in newly diagnosed MM 
patients who qualify for high-dose chemotherapy supported 
by auto-HSCT. This approach was also commonly used for 
treatment of elderly patients. Currently, with the increasing 
availability of bortezomibe and lenalidomide, its use has 
been limited. It is estimated that CTD therapy combined 
with auto-HSCT objective responses rate (ORR) reaches 
82.5% with PFS of 34. Patients who do not qualify for 
transplantation reach ORR of 63.8%, PFS 13 months and 

OS 33.2 months [12, 13, 14, 15]. Unfortunately, not all 
patients benefit from treatment, and the therapy is often 
associated with adverse effects including thromboembolism, 
peripheral neuropathy, thrombocytopenia, neutropenia, 
constipation, somnolence, urticarial skin lesions, Stevens-
Johnson syndrome, arrhythmia and hypothyroidism. As with 
many other cancers, there is a correlation between the extent 
of response and the OS of patients [16, 17]. It is therefore 
critical to identify factors that would allow for appropriate 
patients stratification for the selected treatment regimen.

Anemia is an independent adverse prognostic 
factor both for patients treated with conventional 
chemotherapy and novel agents (thalidomide, bortezomibe 
or lenalidomide). Our results show that the diagnosis of 
anemia ≥ II0 (WHO) before treatment is associated with 
significantly shorter PFS (8 vs 21 months, p = 0.0086) 
and OS (38 vs 108 months, p = 0.0002). Those results are 
consistent with many previous reports. MM patients with 
hemoglobin concentration ≤ 10g/dl achieve shorter survival, 
the difference in OS is currently at 34 vs 70 months [18, 19].

Renal impairment in patients treated with traditional 
chemotherapy was associated with poor prognosis, high 
incidence of early deaths and median survival shorter 
than 2 years [20, 21]. Introduction of new drugs in the 
treatment of MM allowed for significant improvement of 
treatment outcomes. A significant OS elongation from 20.5 
to 31 months (p = 0.03) was obtained, but this is still a 
significantly lower result than in non-compromised patients 
[18, 22]. Jung et al. demonstrated that even now, in the 
era of wide availability of novel agents, serum creatinine 
concentration ≥ 2 mg/dL is an independent risk factor (p 
= 0.015) of early mortality. Out of 542 subjects, 66.1% 
(n = 358) were treated with first line regimens containing 
thalidomide (usually CTD or MPT) [23]. In our study 
we confirmed that serum creatinine ≥ 2 mg/dL adversely 
affects prognosis and is associated with significantly 
shorter OS (82 vs 33 months, p = 0.0136) in MM patients.

Another confirmed factor affecting the prognosis 
of MM patients is the stage of the disease. Of the 
two currently used scales: Durie-Salmon’s and ISS 
(International Staging System) the later has a definite 

Variable CRBN n (%)

rs6768972 p
C

rs1672753 P
CAA

34 (50)
AC

29 (42,6)
CC

5 (7,4)
CC

5 (7,4)
CT

24 (35,3)
TT

39 (57,3)

Anemia grade before treatment (according to WHO)

Absent 13 (59,1) 8 (36,4) 1 (4,5) 0,1334 1 (4,5) 7 (31,8) 14 (63,4) 0,7465

I (mild) 6 (30) 10 (50) 4 (20) 0,393 3 (15) 9 (45) 8 (40) 0,264

II (moderate) 11 (61,1) 7 (38,9) - 1 (5,6) 5 (27,8) 12 (66,7)

III (severe) 4 (66,7) 2 (33,3) - - 2 (33,3) 4 (66,7)

IV (life-threatening) - 2 (100) - - 1 (50) 1 (50)
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advantage. It is a simple risk stratification algorithm based 
on two laboratory parameters. The goal of the authors of 
the scale was to reflect the tumor mass and degree of 
renal involvement by measuring serum β2-microglobulin 
concentration and indirectly analyzing bone marrow 
microenvironment via albumin concentration, which is 

closely associated with IL-6 concentration. According to 
the ISS, we distinguish three stages of MM with different 
prognosis. The median OS in subsequent stages of the 
disease was determined as 62, 44 and 29 months [24]. 
In our study, a statistically significant difference in OS 
between patients in ISS stage I and those classified to 

Figure 1: Kaplan-Meier curves illustrating PFS differences between genotype AA and AC, CC of CRBN gene 
(rs6768972).

Figure 2: Kaplan-Meier curves illustrating PFS differences between genotype CC and CT, TT of CRBN gene 
(rs1672753).
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Table 2: The influence of selected factors on the risk of PFS and OS shortening in multivariate analysis (Cox logistic 
regression model) (model adjustment: p=0,0007; χ2=41,88)

Variable Progression free survival Overall survival

β p HR 95% CI β P HR 95%CI

Sex

Male 1,5240 0,0179 4,5905 1,3085-16,1046 1,0058 0,3945 2,7341 0,2732 - 27,3656

Age

≥65 -0,3473 0,6036 0,7066 0,1918-2,6033 -0,2613 0,8237 0,7701 0,0782 - 7,5811

Monoclonal protein class

IgA -0,6975 0,2284 0,4978 0,1609-1,5398 -1,4846 0,1460 0,2266 0,0309 - 1,6602

Light chain type

Kappa -0,2881 0,6230 0,7497 0,2390-2,3511 0,7021 0,3740 2,0180 0,4327 - 9,411

ISS stage

1 2 -0,3673 0,6728 0,6926 0,1270-3,7762 -12,0997 0,9659 0,0000 1,0277E-245 - 
3,00924E+234

Renal function

A -2,5102 0,0294 0,0812 0,0086-0,7687 -1,7350 0,3109 0,1764 0,0063 - 4,9704

Body weight loss before treatment

Yes 1,1288 0,0291 3,0920 1,1273-8,4806 0,1953 0,8403 1,2156 0,1837 - 8,0453

The degree of anemia before treatment (according to WHO)

Absent or Io -1,4265 0,0285 0,2401 0,0674-0,8551 -0,6095 0,4688 0,5436 0,1054 - 2,8038

ALB

Low -0,1431 0,8201 0,8667 0,2542-2,9554 -0,2914 0,7595 0,7472 0,1168 - 4,7803

CRP

High 0,4095 0,4092 1,5060 0,5723-3,9632 2,0013 0,0646 7,3990 0,8955 - 61,1308

B2M

High -1,7173 0,0080 0,1795 0,0508-0,6347 -0,5284 0,5927 0,5896 0,0859 - 4,0458

Supportive care

Yes -1,4846 0,0840 0,2266 0,0424-1,2105 -2,3265 0,1445 0,0976 0,0044 - 2,1868

Auto HSCT

No -1,5781 0,0052 0,2064 0,0687-0,6202 -1,5363 0,1415 0,2152 0,0280 - 1,6510

Thrombocytopenia

Absent -2,7610 0,0007 0,0632 0,0129-0,3096 -2,5881 0,0090 0,0752 0,0109 - 0,5194

Lymphopenia

2-4o 1,2439 0,0555 3,4689 0,9773-12,3132 -1,5220 0,0486 0,2183 0,0485 - 0,9830

Genotype CRBN (rs6768972)

AC or CC 2,3559 0,0004 10,5477 2,9025-38,3297 -0,2967 0,7415 0,7433 0,1287 - 4,2928

Genotype CRBN (rs1672753)

CT or TT -2,8528 0,0442 0,0577 0,0036-0,9153 11,0290 0,9766 61638,7219 0,0000 - 
10,1423E+303
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Table 3: Median PFS and OS of MM patients depending on selected factors

Variable Progression free survival Overall survival

Median (months) p
HR (95% CI)

Median (months) p
HR (95% CI)15 79

Sex

Men 12 0,6938 50 0,0585

Women 15 0,89 (0,50-1,61) 79 2,45 (1,06-5,63)

Age

<65 15 0,5942 82 0,2853

≥65 17 0,85 (0,44-1,64) 38 0,63 (0,23-1,70)

Smoking

Non-smokers 12 0,8644 79 0,6341

Active and ex-
smokers 15 0,95 (0,52-1,73) 103 1,23 (0,50-2,99)

Exposure to carcinogenic factors

Yes 21 0,7515 79 0,5778

No 10 0,91 (0,51-1,63) - 1,25 (0,55-2,86)

Family history of cancer

Yes 19 0,5949 103 0,0662

No 10 0,86 (0,49-1,52) 50 0,45 (0,20-1,02)

History of other cancers

Yes 11 0,8036 79 0,7547

No 15 1,19 (0,26-5,51) 82 0,73 (0,13-4,17)

Diagnosis

Secretory

Light chain disease 15 79

Non-secretory/
plasmablastic type 11 0,7947 103 0,7487

Non-secretory/
plasmacytoma 1,10 (0,54-2,22) 0,85 (0,30-2,41)

Monoclonal protein class

IgA 17 0,2375 38 0,4391

IgG 12 0,69 (0,37-1,31) 79 1,43 (0,53-3,85)

Light chain type

Lambda 11 0,2281 56 0,1122

Kappa 21 1,40 (0,75-2,61) 103 1,90 (0,79-4,57)

Durie-Salmon stage

I, II 7 0,7786 82 0,6610

III 16 1,17 (0,33-4,12) 79 1,24 (0,43-3,58)

(Continued )
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Variable Progression free survival Overall survival

Median (months) p
HR (95% CI)

Median (months) p
HR (95% CI)15 79

ISS stage

1, 2 24 0,2258 82 0,0338

3 11 0,62 (0,31-1,25) 38 0,42 (0,18-0,99)

Deletion 17p

Present 10 0,7788 - 0,8796

Absent 10 0,89 (0,37-2,09) 50 1,10 (0,29-4,15)

Translocation t(4;14)

Present 5 0,0619 33 0,0453

Absent 12 2,28 (0,69-7,56) 56 2,99 (0,59-15,10)

Translocation t(4;16)

Present 9 0,5061 - 0,6176

Absent 12 1,91 (0,13-28,67) 50 -

Renal function

A 17 0,1250 82 0,0136

B 8 0,55 (0,20-1,52) 33 0,34 (0,09-1,27)

Stage of chronic kidney disease

G1/G2 18 0,5056 82 0,0572

G3a/G3b/G4/G5D 8 0,83 (0,44-1,56) 38 0,46 (0,17-1,22)

Performance status

0, 1 12 0,7900 82 0,1958

2, 3 16 1,08 (0,61-1,90) 79 0,58 (0,26-1,33)

Body weight loss before treatment

Yes 10 0,1082 56 0,0028

No 18 1,55 (0,86-2,81) 103 3,32 (1,42-7,77)

Anemia grade before treatment (WHO)

Absent or Io 21 0,0086 103 0,0002

IIo, IIIo or IVo 8 0,49 (0,26-0,93) 38 0,24 (0,09-0,60)

HGB

Normal 37 0,0235 103 0,1238

Low 10 0,40 (0,21-0,76) 79 0,35 (0,13-0,94)

PLT

Normal 17 0,2227 103 0,0306

Low 10 0,68 (0,34-1,38) 38 0,42 (0,15-1,13)

ALB

Normal 21 0,1835 103 0,0237

Low 9 0,70 (0,39-1,24) 56 0,40 (0,17-0,93)

(Continued )
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Variable Progression free survival Overall survival

Median (months) p
HR (95% CI)

Median (months) p
HR (95% CI)15 79

CRP

Normal 18 0,7406 82 0,0456

High 11 0,91 (0,50-1,66) 38 0,44 (0,18-1,06)

LDH

Normal 12 0,9448 79 0,3383

High 16 0,97 (0,38-2,49) - 2,52 (0,64-9,85)

Calcium

Normal 17 0,7698 79 0,7630

High 8 1,09 (0,58-2,07) - 0,87 (0,33-2,28)

B2M

Normal 21 0,1327 82 0,0180

High 10 0,66 (0,36-1,19) 38 0,37 (0,16-0,88)

Creatinine

Normal 19 0,3620 82 0,0617

High 9 0,77 (0,42-1,42) 56 0,47 (0,19-1,15)

eGFR

Normal 18 0,7928 82 0,1897

Low 10 1,07 (0,61-1,89) 56 0,59 (0,26-1,34)

Genotype CRBN (rs6768972)

AA 18 0,0062 82 0,7984

AC or CC 9 0,49 (0,26-0,91) - 0,90 (0,39-2,07)

Genotype CRBN (rs6768972)

AC 10 0,0179 38 0,2847

AA or CC 17 1,89 (1,00-3,56) 82 1,52 (0,64-3,62)

Genotype CRBN (rs6768972)

CC 8 0,1812 - 0,1682

AA or AC 16 2,42 (0,28-20,74) 79 -

Genotype CRBN (rs1672753)

CC 4 0,0321 - 0,5579

CT or TT 16 3,93 (0,26-59,64) 79 0,56 (0,12-2,63)

Genotype CRBN (rs1672753)

CT 15 0,7318 103 0,5232

CC or TT 12 1,10 (0,62-1,95) 82 1,30 (0,57-2,96)

Genotype CRBN (rs1672753)

TT 16 0,4248 79 0,7397

CC or CT 12 0,79 (0,45-1,41) 103 0,87 (0,37-2,01)
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higher stages (82 vs 38 months, p = 0.0338) was observed. 
In the group of patients with normal β2-microglobulin and 
albumin concentration a significant increase in OS was 
observed (respectively, not reached vs 38 months, p = 
0.0018 and 103 vs 56 months, p = 0.0237).

The age of patients at the time of diagnosis is also 
important in predicting the course of MM. Due to non-
haematological complications, especially severe infections 
and cardiological complications, elderly patients relatively 
more often require dose reductions, or even withdrawal 
of treatment which directly translates into its outcome. 
Bringhen et al. in their meta-analysis of 1435 elderly MM 
patients treated with regimens containing thalidomide and/
or bortezomib determined the median OS to be 50 months. 
Authors demonstrated that patients older than 75 (p <0.001), 
with renal failure (p <0.001), serious infectious, cardiac or 
gastroenterological complications (p <0.001) and whose 
treatment was stopped due to adverse effects (p = 0.01) had 
significantly higher risk of death. They also pointed out that 
intensive treatment regimens containing combinations of 
bortezomib and thalidomide are poorly tolerated by older 
patients and appear to be a wrong therapeutic option for them 
[25]. Our results, similarly to those presented in previous 
studies, prove that CTD is effective not only in younger 
patients qualifying for autoHSCT but also in elderly [14, 15]. 
In our study there were no significant correlations between 
the age of patients and response to treatment or prognosis.

It was demonstrated that male sex was an 
independent prognostic factor associated with significantly 
higher risk of PFS shortening (p = 0.0179; HR = 4.59, 
95% CI: 1.31-16.10). These results differ from previous 
observations. In MRC Myeloma IX study, Boyd et al., 
analyzed the presence of molecular disorders and the 
response to treatment in reference to the sex of the studied 
patients. The authors showed that women were more 
likely to have adverse genetic aberrations and that female 
gender was associated with significantly shorter OS (44.8 
months for women vs 49.9 months for men, p = 0.02). 
The relatively small number of patients in our study in 
comparison to Myeloma IX study (n = 68 vs 1960) makes 
it difficult to interpret the significance of our results [26].

Cytogenetic abnormalities affect efficacy of CTD 
chemotherapy; the presence of translocation t(4;14) was 
associated with poor response to treatment and shorter 
OS (33 vs 56 months, p <0.0453). Similar conclusions 
were presented by Chang et al. In a study evaluating the 
efficacy of CTD in patients with MM prior to planned 
auto-HSCT, authors demonstrated that the most important 
factor associated with shorter PFS and OS (p <0.05) was the 
presence of t(4;14) translocation. Thus, they suggested that 
the CTD regimen might not be optimal therapeutic option 
for this group of patients and that regimens containing 
bortezomibe should be used in the first line of treatment [27].

Beason et al. demonstrated that underweight patients 
(BMI <18.5 kg/m2) have higher mortality when compared 
to patients with normal or above normal BMI. Researchers 

observed significant differences in median OS of patients 
depending on individual BMI categories - 14.3 months in 
the group of underweight patients, 23.7 months in subjects 
with normal body weight and 31.7 months in overweight 
and obese. They also proved that an unintentional weight 
loss of ≥10% observed during one year prior to the 
diagnosis is an important risk factor (HR: 1.52, 95% CI: 
1.34-1.72) [28]. Our study used clinical data obtained 
from medical history. Patients with significant weight loss 
before treatment had significantly shorter OS compared to 
other patients (56 vs 103 months, p = 0.0028).

Among the standard laboratory parameters analyzed 
in the performed work, the concentration of CRP influenced 
the survival of patients. Median OS in the group of subjects 
with elevated values was significantly shorter compared to 
the remaining patients (38 vs 82 months, p = 0.0456). CRP 
is a nonspecific exponent of the inflammatory process, also 
caused by cancer. The results of previous studies suggest 
that in myeloma CRP concentration is dependent on IL-6 
activity and indirectly reflects the state of bone marrow 
microenvironment. Singhal et al. in the very first study with 
thalidomide proved that elevated CRP level is one of the 
factors associated with significantly shorter ESF (p = 0.007) 
[29]. These observations were confirmed in later publications 
[30]. Barlogie et al. concluded that high CRP concentration is 
one of the hallmarks of highly aggressive disease [31].

Thrombocytopenia in patients with MM is an 
unfavorable prognostic factor. It indirectly reflects the 
degree of bone marrow involvement, and may also result 
from hypersecretion of proinflammatory cytokines that 
inhibit the maturation of megakaryocytes and interfere with 
effective thrombopoesis [32]. Is is associated with shorter 
OS in patients with MM [33]. Jung et al. showed that 
thrombocytopenia is also a risk factor of early mortality [23]. 
In our study, a group of patients with decreased PLT level had 
a significantly shorter median OS compared to the remaining 
patients (38 vs 103 months, p = 0.0306). The occurrence 
of thrombocytopenia in the course of treatment was also 
associated with shorter OS (33 vs 82 months, p = 0.0065).

Huang et al. showed that high expression of cereblon 
in malignant plasma cells was associated with better 
clinical response in patients treated with thalidomide and 
lenalidomide. Newly diagnosed CRBN(+) patients treated 
with TD regimen had significantly higher response rate 
compared to CRBN(-) patients (75% vs. 29%, p=0.005). 
No correlation was found in patients treated with regimen 
containing bortezomibe [34]. Jung et al. compared the 
efficacy of thalidomide and bortezomibe in the treatment 
of older patients with known cereblon expression. In the 
CRBN(+) group, a better clinical response to thalidomide 
based chemotherapy was observed compared to patients 
with no CRBN expression (CR 35.0 vs 11.8%; HR = 
4.038, p = 0.137). Furthermore, in CRBN(+) patients, 
no significant differences in survival was observed 
irrespective of the treatment regimens containing 
thalidomide or bortezomibe. The time to progression 
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(TTP) were 13.8 vs 15.6 months (p = 0.842), while 
OS was 39.3 vs. 30.1 months (p = 0.074) respectively. 
Researchers suggested that in the CRBN(+) group of 
patients the efficacy of both drugs is comparable, and that 
CRBN expression status evaluation was very useful in the 
selection of treatment in elderly patients [35].

In our study, two SNPs of the CRBN gene (rs6768972 
and rs1672753) were analyzed. Both examined SNPs 
significantly affected patients PFS. None of the examined 

Table 4: Demographic and clinical characteristics of 
the study group

Variable n (%)

Sex
Men 39 (57.4)

Women 29 (42.6)
Age
Median 62

Average ± standard deviation 62.21 ± 11.01

Scope 39.-87

Diagnosis

Secretory 58 (85.2)

Light chain disease 8 (11.8)

Non-secretory/plasmablastic 1 (1.5)

Non-secretory/plasmacytoma 1 (1.5)
Monoclonal protein class
IgA 17 (29.3)

IgG 41 (70.7)
Light chain type
Lambda 27 (40.9)

Kappa 39 (59.1)
Durie-Salmon stage
I 4 (5.9)

II 7 (10.3)

III 57 (83.8)
ISS stage
1 15 (22.8)

2 22 (33.3)

3 29 (43.9)
Percentage of plasma cells in bone marrow (%)
median 30

average ± standard deviation 32 ± 21

scope 1-90
Deletion 17p
Present 9 (13.2)

Absent 28 (41.2)

No materials 31 (45.6)
Translocation t(4;14)
Present 6 (8.8)

Absent 31 (45.6)
(Continued )

Variable n (%)

No materials 31 (45.6)

Translocation t(4;16)

Present 1 (1.5)

Absent 36 (52.9)

No materials 31 (45.6)

Renal function

A 57 (83.8)

B 11(16.2)

Stage of chronic kidney disease

G1 32 (47)

G2 15 (22)

G3a 5 (7.4)

G3b 6 (8.8)

G4 5 (7.4)

G5D 5 (7.4)

Performance status

0 10 (14.7)

1 20 (29.4)

2 29 (42.7)

3 9 (13.2)

Body weight loss before treatment

Yes 33 (48.5)

No 35 (51.5)

5% 13 (39.4)

10% 20 (60.6)

Anemia grade before treatment (WHO)

Absent 22 (32.4)

I (mild) 20 (29.4)

II (moderate) 18 (26.5)

III (severe) 6 (8.8)

IV (life-threatening) 2 (2.9)
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SNPs had a significant effect on the OS in the study group. 
Single report of similar results has been presented at the 56th 
ASH Conference (2014) describing 169 MM patients with 
resistant and recurrent disease which have been treated with 
lenalidomide based regimen. The patients were evaluated 
for the effect of 14 selected SNPs located in the CRBN gene 
coding region. Two of the polymorphisms (rs1714327G>C 
and rs1705814T>C) were associated with significantly 
lower probability of response to treatment ≥ PR (OR = 0.25, 
95% CI 0.10-0.63; p = 0.0033 and OR = 0.21, 95% CI 0.07- 
0.61; p = 0.0041). In addition, one of these SNPs, namely 
rs1705814T>C, was also associated with shorter PFS (OR 
= 2.49; 95% CI 1.31-4.74; p = 0.0054) [36]. Butrym et al. 
analyzed two selected SNPs found in the non-coding regions 
of the CRBN gene (rs711613, rs1045433) in the context of 
response to treatment in patients diagnosed with MM. The 
authors demonstrated that, in the case of one of the SNP’s 
(rs711613), the occurrence of allele A was associated with 
significantly better clinical response (p = 0.012). In the group 
of patients treated with CTD chemotherapy, however, no 
relationship was found between the studied polymorphisms 
and the efficacy of treatment [37].

With multiple new drugs available, selection of the first 
line treatment in MM patients requires careful analysis of all 
available predictive and prognostic factors. Based on the 
results of our study, since 75% of patients achieved objective 
response it can be concluded that CTD chemotherapy is still 
an effective therapeutic option. In the group of patients with 
high-risk MM, i.e. with advanced stage of disease according 
to ISS, severe anemia, chronic kidney disease, weight loss 
and the presence of t(4; 14) translocation the efficacy of CTD 
chemotherapy is significantly lower.

The SNPs of CRBN gene (rs6768972, rs1672753) 
proved to be a significant, independent predictive factors 
of the efficiency of CTD regimen in the study group. The 
presence of genotype AA (rs6768972) of CRBN gene was 
correlated with the extension of median PFS. The presence of 
AC (rs6768972) and CC (rs1672753) variants of the CRBN 
gene was associated with significant shortening of PFS. The 
presence of CRBN gene SNPs may be useful in qualifying 
patients for treatment with thalidomide containing regimens.

MATERIALS AND METHODS

The study group included 68 patients with MM, 
who were subjected to first line CTD therapy in 28-
day regimens with standard doses: thalidomide 100 mg/
day p.o, cyclophosphamide 300-500 mg/week p.o. and 
dexamethasone 10-20 mg/day p.o. on days 1-4 and 8-11. 
MM diagnosis was based on SLiM CRAB criteria, disease 
staging was determined according to Durie-Salmon and ISS 
staging systems. Patients performance status was evaluated 
using ECOG-WHO scale. Treatment response was assessed 
according to IMWG 2016 criteria. The severity of adverse 
effects was evaluated using CTCAE (version 4.03). The 
detailed patient characteristics are presented in Table 4.

The examination of SNPs of the promoter region of 
CRBN gene (rs1672753 and rs6768972) was conducted 
using genetic material - DNA isolated from peripheral 
blood leukocytes. DNA was isolated using QIAamp 
DNA Blood Mini Kit (Qiagen). The measurement of the 
quality and quantity of the isolated DNA was performed 
using NanoDrop 2000 UV-Vis Spectrophotometer 
(ThermoFisher). The analysis of CRBN gene SNPs 
(rs1672753 and rs6768972) was performed using Real-
Time PCR genotyping technique with specific Taqman 
probes (Life Technologies, USA). Statistical analysis of the 
results was conducted using MedCalc 15.8 and Statistica 10 
software. Chi-square test (χ2) was used to evaluate Hardy-
Weinberg (H-W) equilibrium, the correlation of various 
demographic and clinical factors with the distribution of 
polymorphic variants of CRBN gene and the influence of 
the studied factors on the probability of obtaining response 
to treatment (odds ratio). Kaplan-Meier estimation method 
and Cox’s logistic regression model were used to evaluate 
the probability of survival and the occurrence of progression 
depending on the distribution of examined factors.

Abbreviations

CRBN - cereblon, CTD - cyclophosphamide, 
thalidomide, dexamethasone, IFN−γ - interferon γ, IL-2 
- interleukin 2, IMiDs - immunomodulatory drugs, MM 
- multiple myeloma, ORR - objective responses rate, OS 
- overall survival, PFS - progression free survival, SNP’s 
- single nucleotide polymorphisms.
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