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Abstract
Introduction and objective. Multiple myeloma (MM) is an incurable condition with variable clinical course. The study 
included a group of patients with especially poor-prognosis, individuals with relapsed/refractory multiple myeloma (RRMM) 
and specific cytogenetic disorders. Among the currently used therapies the ixazomib-lenalidomid-dexamethasone (IRd) is 
considered as a candidate to improve outcomes. The aim of the study was to evaluate the safety and efficacy of IRd regimen 
in the treatment of patients with RMMM.  
Materials and method. Nine patients aged 52–82 years who received ixazomib in the early access programme, were 
included in the study. All patients met the criteria for recurrent/relapsed MM and had high (t(4:14), t(14:16), del17p or +1q21) 
risk aberrations. Previous chemotherapy regimens included thalidomide and bortezomib. Median duration of exposure to 
ixazomib was 12 months.  
Results. One patient with multiple cytogenetic aberrations and extramedullary plasmocytoma died because of progression 
after two months of treatment. In the remaining patients, the objective response to treatment was reached, and in four 
cases it was qualified as a very good partial response (VGPR). Observed adverse effects included neutropenia, infections, 
and oedema (in three cases Grade 3). Eight patients continue treatment, in two cases the decision was made to reduce 
lenalidomide doses.  
Conclusions. Preliminary results suggest potentially high efficacy and good safety profile of IRd therapy in patients with 
RRMM and unfavourable cytogenetics.
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INTRODUCTION

Although progress has been made with the introduction 
of proteasome inhibitors (PI’s) and immunomodulatory 
drugs (IMiD’s), therapy of multiple myeloma (MM) still 
remains a challenge. Treatment response and survival in 
patients with newly diagnosed multiple myeloma (NDMM) 
is varied, with survival ranging from 2 to over 10 years. 
Relapse and disease progression is common, even after a 
complete remission. Prognosis is influenced by cytogenetic 
aberrations. High risk cytogenetic abnormalities that can be 
diagnosed using fluorescence in situ hybridization (FISH) 
technique include t(4;14), t(14;16), t(14;20) translocations, 
17p deletion [del(17p)] and CKS1B gene amplification [1–4]. 

Among the population of MM patients, those with relapsed/
refractory disease and unfavourable cytogenetics form a 
group with poor prognosis. Treatment strategies approved 
for the treatment of RRMM include PI or immunotherapy 
combined with IMiD’s [5]. However, there is still a need for 
additional therapeutic options that would allow prolonged 
treatment and disease control.

Ixazomib was the first orally administered PI [6], which 
when used with lenalidomid and dexamethasone (Rd) has 
been approved for the treatment of patients with MM after 
at least one prior line of treatment. In the registration trial, 
TOURMALINE-MM1 ixazomib brought significant benefit 
in progression-free survival (PFS) (median 20.6 vs. 14.7 
months) and treatment response rate with limited additional 
toxicity. This allowed the achievement of equal outcomes 
in patients at standard and high cytogenetic risk [7]. At the 
time of writing, ixazomib is available in Poland in the early 
access programme.
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MATERIALS AND METHOD

Patients. Between September 2018 – June 2020, patients 
diagnosed with high molecular risk RRMM treated with 
IRd in the Department of Haematooncology and Bone 
Marrow Transplantation in Lublin were analysed. The 
patients received ixazomib via an early access programme. 
To be eligible for the study, the patients were required tohave 
been treated previously with 1–3 treatment lines, to have no 
known resistance to lenalidomide or PIs, and have adequate 
performance status (≤2 in the ECOG scale). Collection 
and analysis of data was performed independently from 
the Takeda Pharmaceutical Company. Patients had at least 
one cytogenetic aberration that was associated with poor 
prognosis, including: del(17p), t(4;14), t(14;16).

All procedures were performed in accordance with the 
ethical standards of the institutional Research Committee 
and with the Helsinki Declaration. Local approval was 
obtained from the Bioethical Committee at the Medical 
University of Lublin (Consent No. KE-0254/77/2019). All 
patients gave informed consent to participate in the study.

Cytogenetic assessment. Bone marrow samples were studied. 
Cytogenetic analyses were performed in the Molecular 
Laboratory of the Department of Haematooncology and 
Bone Marrow Transplantation in Lublin.

Abnormalities characteristic of MM, such as TP53 gene 
deletion, IGH gene rearrangements – t(4;14), t(8;14), t(11;14) 
and t(14;16), as well as CKS1B gene amplification, were tested 
by simultaneous staining of cytoplasmic immunoglobulin 
with the fluorescence in situ hybridization (cIg-FISH) 
technique according to recommendations of Ross et al, with 
some modifications [8].

The following probes, all from Abbott Molecular (Abbott 
Park, IL, USA), were used: Vysis TP53/CEP 17 FISH Probe 
Kit for detection of del(17p13.1), Vysis IGH/FGFR3 Dual 
Colour, Dual Fusion Translocation Probe for detection 
of t(4;14)(p16;q32), Vysis IGH/MYC/CEP 8 Tri-colur, 
Dual Fusion Translocation Probe for detection of t(8;14)
(q24;q32), Vysis IGH/CCND1 Dual Colour, Dual Fusion 
Translocation Probe for detection of t(11;14)(q13;q32), Vysis 
IGH/MAF Dual Colour, Dual Fusion Translocation Probe 
for detection of t(14;16)(q32;q23) and Vysis 1q21 CKS1B 
SpectrumOrange/1p32 CDKN2C SpectrumGreen FISH 
Probe Kit for the detection of amp(1q32). Fluorescent 
microscopic analysis was performed by scoring 100 AMCA-
positive plasma cells to determine the frequency of each 
aberration. Cut-off levels were 20% for deletion/amplification 
probes and 10% for dual fusion probes, according to the 
recommendations of the European Myeloma Network [8, 
9]. Response to treatment was assessed according to the 
current International Myeloma Working Group (IMWG) 
guidelines [10].

OBJECTIVES

The aim of the study was to describe the authors our 
experiences with treating high molecular risk RRMM patients 
using the IRd regimen. The primary endpoint was to establish 
an objective response rate (ORR; partial response (PR) or 
better), clinical benefit rate (CBR; minimal response (MR) or 
better) and disease control rate (DCR; stabilisation of disease 

(SD) or better). In order to assess the safety of the treatment, 
time of exposure to ixazomib, treatment interruptions, and 
frequency of adverse effects (AE) were monitored. Severity 
of AE was assessed according to the Common Terminology 
Criteria for Adverse Events (CTCAE) v 5.0.

RESULTS

Study group. Nine patients were included in the study – 
six men and three women; median age – 71 (52–82) years. 
Patients scored either 1 or 2 in the ECOG scale. Six patients 
were diagnosed with MM with a monoclonal component, 
there were also two cases of light chain disease, and one case 
of extramedullary plasmocytoma.

Eight patients had del(17p) deletion in 6–100% of 
plasmocytes (median 16%), one patient t(4;14) translocation 
in 100% of plasmocytes, and two – ampCKS1B amplifications 
in 55% and 100% of plasmocytes. Translocations t(11;14) 
(in 94% of plasmocytes) and t(8;14) (in 88% of plasmocytes) 
were confirmed in one patient each. In three patients, two 
high risk abnormalities were present. In seven cases, IRd 
was given as a second line, and in two patients it was a 
third line. Previous therapies were based on bortezomib and 
thalidomide. All patients met the criteria for relapsed MM. 
None of the patients had undergone prior ASCT.

IRd treatment. Patients were administered 4 mg of ixazomib 
on days 1, 8 and 15; 25 mg of lenalidomide on days 1–21; and 
20–40 mg of dexamethasone on days 1, 8, 15 and 22, in a 
28-day regimen. Lenalidomide dosing in patients with renal 
insufficiency was reduced according to recommendations. 
In two patients with estimated Glomerular Filtration Rate 
(eGFR) below 50mL/min, the starting doses of ixazomib 
was also reduced to 3 mg. Patients received antithrombotic, 
antibacterial and antiviral prophylaxis according to 
guidelines. Patients recieved additional treatment with 
intravenous biphosphonians. Median duration of exposure 
to ixazomib was 12 months. Detailed patient’s data and data 
related to previous treatment are summarized in Table 1.

Response and outcome. Eight of the nine patients achieved 
objective response after the second treatment cycle [M-protein 
concentration was reduced by 28 to 72%, clonal serum free 
light-chains (sFLC) by 38 to 61%].

Clinical benefit was achieved by patients who previously 
received one (n = 6) and two (n = 2) lines of treatment, 
regardless of the previous treatment regimen [bortezomib-
thalidomide-dexamethasone (VTD): n = 2; bortezomib-
cyclophosphamide-dexamethasone (VCD): n = 4; bortezomib-
dexamethasone (VD): n = 1; thalidomide-dexamethasone 
(TD): n = 1). The longer time to progression after the first 
line treatment was associated with clinical response (13 vs. 
3 months). At the time of writing, all eight patients who 
benefited from treatment are still on IRd therapy.

One death occurred due to disease progression after 
two months of treatment in a patient with two high-risk 
aberrations: del(17p) and t(4; 14). It is worth emphasizing that 
the presence of t(4; 14) was detected in all the plasmocytes. 
The patient was younger than the median of the study group 
(66 vs. 71.5 years), in worse performance status (ECOG 
2), disease stage III according to the Durie-Salomon 
classification, and stage 3 according to the ISS scale. He was 
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the only patient to be diagnosed with MM with IgA heavy 
chains and multiple extramedullary plasmocytomas. In the 
previous line of treatment, the patient received sixcycles of 
VTD chemotherapy, achieved a partial response, and the 
disease progressed three months after the end of therapy.

Safety profile. The most common adverse events were infections 
(n = 5; mainly upper respiratory tract n = 2), neutropenia (n = 2) 
and oedema (n = 1). Grade 3 events were reported in three 
patients and included pneumonia (n = 2) and neutropenia (n = 1). 
Three patients had no adverse effects. Interruptions in the IRd 
treatment were required in six patients. The most common 
causes were grade 2 infections (n = 4), grade 3 neutropenia 
(n = 1) and the coexistence of grade 2 infection with grade 
2 neutropenia (n = 1). In two patients, the lenalidomidedose 
was reduced due to worsening cardiac failure, and in two 
patients the doses of dexamethasone were reduced due to 
symptoms of intolerance – increased glycaemia, anxiety and 
sleep disturbances. Despite treatment interruptions and drug 
dose reductions, the patients benefited from therapy.

Detailed data on the clinical response to IRd chemotherapy 
depending on demographic and clinical variables are 
presented in Table 2.

DISCUSSION

In RRMM treatment, new drugs are usually administered 
alongside traditional cytostatics: PI +/- IMID +/- 
dexamethasone +/- cytostatic drug. The choice of optimal 
treatment is significantly influenced by the individual 
characteristic ofthea patient [11, 12, 13]. Risk is assessed based 
on published criteria. It is estimated that about 20% of patients 
do not fully benefit from treatment because of cytogenetic 
abnormalities, high β-2-microglublin, low-albumin or high-
serum LDH. Additional high-risk factors include plasma cell 
leukemia, extramedullaary plasmocytoma, and early and 
aggressive relapse [4, 14, 15].

Current advances in RRMM treatment are related 
to recently approved treatment regimens, such as IRd, 
and regimens based on carfilzomib, pomalidomide or 
monoclonal antibodies (daratumumab, elotuzumab). These 
treatment regimens are increasingly used in day-to-day 
practice, replacing treatment options based on bortezomib 
or lenalidomide [16, 17].

Ixazomib is the first orally administered PI recommended 
for RRMM treatment by the Food and Drug Administration 
(FDA) in the USA in 2015, and the European Medicines 
Agency (EMA) in 2016. The drug was registered based on the 
results of the phase 3 TOURMALINE-MM1 study, in which 
superiority of IRd over placebo-Rd was shown. Total response 
rate was 78% in the IRd group and 72% in the placebo-Rd 
group, complete response (CR) and VGPR were 48% and 
39%, respectively. Significant improvement in median PFS 
was achieved (20.6 months vs. 14.7 months, hazard ratio 
(HR) 0.74; p = 0.01). Benefit, understood as improvement 
in PFS, was observed in all defined subgroups of patients, 
including those with high risk cytogenetic abnormalities. The 
study group included 137 patients with t(4;14) and t(14;16) 
translocations in at least 3% of plasmocytes and del(17p) 
deletion in 5% of cells. Relevant improvement in PFS median 
after ixazomib (21.4 vs 9.7 months, p=0.02) was discovered. 
What is particularly important is that ixazomib treatment 
led to equalization of outcomes in patients with standard 
and high cytogenetic risk (PFS median 21.4 and 20.6 month) 
[7, 18].

In the TOURMALINE-MM1 study, among high risk 
patients treated with ixazomib there was a lower number 
of deaths than in the placebo group (15/75 and 24/62, 
respectively). Adverse events were the reason to stop therapy 
in 17% of patients in the IRd group and 14% of patients in the 
placebo-Rd group. Thrombocytopenia was noted in 31% of 
patients treated with ixazomib and 16% in the placebo group; 
stage 3 and 4 of thrombocytopenia was more common in the 
IRd group (12% and 7% accordingly), compared to placebo-Rd 
(5% and 4%, accordingly). Frequency of platelet transfusion 

Table 1. Characteristics of study group

Variable All patients, N=9

Male/female 6/3

Age 71 (52-82)

Diagnosis
MM with a monoclonal component
MM with light chains
Extramedullary plasmacytoma

7
2
1

Disease status
Relapsed
Refractory

9
0

Monoclonal protein class
IgA
IgG

1
6

Light chain type
Kappa
Lambda

6

3

High risk cytogenetic abnormalities (FISH)
del(17p)
t(4;14)
chromosome 1 amplification
≥2 high risk abnormalities

8
1
2
2

Other cytogenetic abnormalities (FISH)
t(11;14)
t(8;14)

1
1

ECOG performance status
1
2

3
6

Durie-Salmon stage
I
II
III

0
1
8

ISS stage
1
2
3

0
6
3

Creatinine clearance, mL/min
<30
30-50
>50

1
1
7

Median time from start of first-line treatment to start of IRd, 
months (range) 16 (7-70)

Treatment lines prior to IRd
1
2

7
2

Therapy regimens received prior to IRd
Bortezomib-thalidomide-dexamethasone
Bortezomib-cyclophosphamide-dexamethasone
Bortezomib-dexamethasone
Cyclophosphamide-thalidomide-dexamethasone
Thalidomide-dexamethasone

3
5
1
1
1

Prior ASCT 0
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was comparable in both groups (8% and 6%, respectively). 
The situation was similar in the case of severe adverse 
effects related to thrombocytopenia (2% in each group) and 
necessity of treatment cessation because of toxicity (1% in 
each group). The most common non-haematological adverse 
effects in both groups were gastrointestinal disorders and 
rash. Gastrointestinal adverse effects were more common in 
the IRd group comparted to the placebo-Rd group, but were 
observed mainly in the first three months of therapy, had 
low intensity, and were alleviated by symptomatic treatment. 
Rash was observed in 36% of patients in the ixazomib group 
and 23% in the placebo-Rd group; symptoms were noted 
mainly during the first three months of therapy and were 
frequently self-limiting. Peripheral polyneuropathy occurred 
in 27% of patients in the IRd group and 22% in the placebo-Rd 
group. In both groups, these symptoms were mostly grade 
1 or 2, and grade 3 only in 2% of patients. There were no 
differences between the two groups regarding the frequency 
of cardiac failure, arrhythmia, hypertension and myocardial 
infarction. In the 23-months long analysis there were no 
significant differences in frequency of secondary neoplasm. 
The quality of life of the patients was similar in both groups 
[7, 18, 19].

According to the consensus of the IMWG (2016) in 
patients with RRMM and high risk cytogenetic mutations, 
the use of a 3-drug regimen that includes IMiD and PI is 
advised [3]. Previous observations proved that Rd treatment 
is suboptimal in this patient population [3, 19, 20]. It was 
proven that an unfavourable prognosis related to del(17p) 
was improved by prolonged administration of bortezomib 
[21]. However, benefits from prolonged bortezomib therapy 
seems to be severely limited because of its toxicity profile 
[22, 23]. It was also proven that the addition of carfilizomib 
to Rd brought clinical benefit in a group of patients with 
high molecular risk, although the results were worse than in 
case of standard risk patients [20]. In the TOURMALINE-
MM1 study patients continued IRd therapy until disease 
progression or unacceptable toxicity occurred. Efficacy, good 
risk profile, oral administration, and the ntial of prolonged 
treatment led to similar results in patients a standard and 
high risk [7, 19].

The mechanism of PI action in patients with high 
molecular risk MM is not fully understood, although there 
is a hypothesis that increased efficacy in patients with del(17p) 
and loss of one allele of p53 gene is related to increased level of 
p53 protein resulting from inhibition of proteasome activity 

Table 2. Clinical response depending on selected demographic and clinical variables

Variable
Clinical response

No
(1 patient)

Yes
(8 patients)

Gender
Male
Female

1
0

5
3

Age (median [range]) 65 69.5 (52-81)

Diagnosis
MM with a monoclonal component
MM with light chains
Extramedullary plasmacytoma

0
0
1

6
2
0

Disease status
Relapsed 1 8

Monoclonal protein class
IgA
IgG

1
0

0
6

Light chain type
Kappa
Lambda

1
0

5
3

del(17p) (%) 6 16 (6-100)

t(4;14) (%) 100 0

≥ 2 high risk abnormalities
Yes
No

1
0

2
6

Other cytogenetic aberrations (e.g. t(11;14); 
t(8;14))
Yes
No

0
1

4
4

ECOG performance status at the start of Ird 
therapy
1
2

0
1

3
6

Durie-Salmon stage
I
II
III

0
0
1

0
2
6

ISS stage
2
3

0
1

6
2

Creatinine clearance, mL/min
<50
>50

0
1

1
7

Median time from start of first-line treatment 
to start of IRd, months (range) 9 16.5 (7-72)

Variable
Clinical response

No
(1 patient)

Yes
(8 patients)

Treatment lines prior to IRd
1
2

1
0

6
2

Prior first line chemotherapy regimen
Cyclophosphamide-thalidomide-
dexamethasone
Bortezomib-thalidomide-dexamethasone
Bortezomib-cyclophosphamide-
dexamethasone

0
1
0

1
2
5

Number of first line chemotherapy cycles 6 6.5 (5-8)

Duration of first line treatment [months] 6 7 (4-12)

Time to progression after first line treatment 
[months] 3 13 (2-30)

Age at the time of start of IRd chemotherapy 66 71.5 (52-82)

M-protein concentration before IRd 
chemotherapy (g/dl) 1.25 1.635 (1.09-2.41)

Clonal sFLC concentration before Ird 
chemotherapy (mg/l) 35.81 56.81 (9.49-1204.06)

Haemoglobin (HGB) concentration before IRd 
chemotherapy (g/dl) 8.3 11.55 (9.2-14.5)

Platelets (PLT) before IRd chemotherapy (K/ul) 170 221 (96-302)

Creatinine concentration before IRd 
chemotherapy (N: 0.2-.,2 mg/dl) 1.04 1.07 (0.81-4.27)

Calcium before treatment (N: 2.2 -2.55 mmol/l) 2.39 2.32 (2.2-2.46)

Duration of IRd chemotherapy [months] 2 14 (7-20)

Interruptions in IRd chemotherapy
No
Yes

1
0

2
6

Interruptions in IRd chemotherapy [causes]
Infections
Grade 3 neutropenia
Grade 2 infection with grade 2 neutropenia

4
1
1

Interruptions in IRd chemotherapy [months] 0 1.5 (0.5-3)

Disease progression
No
Yes

0
1

8
0

Death
No
Yes

0
1

8
0
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which results in apoptosis [23, 24, 25, 26]. It is suggested that 
prolonged proteasome inhibition may lead to maintaining 
the activity of this important neoplasm inhibitor.

The influence of the size of cell clone with high risk traits on 
treatment effects remain unclear [27]. In recent publications 
in which an analysis of new therapies was conducted, the 
threshold for detecting cytogenetic abnormalities was highly 
variable, from the presence of changes in single cells in 
ELOQUENT-2 [28], 1.5% -7.5% in the S0777 study [29], to 
60% of cells in the RE study [20]. Interpretation of the results 
remains difficult. Interestingly, the TOURMALINE-MM1 
study demonstrated that the benefit in relation to PFS was 
constant and did not depend on the size of cell clone with 
del(17p), t(4;14) and amp(1q21). It was shown that median 
PFS was similar for two different thresholds for detecting 
del(17p), 5% and 20% (in both cases 21.4 months, HR 0.490 – 
0.61). In post hoc analysis it was found that in patients with a 
del(17p) threshold value of 60%, the median PFS was shorter 
(15.7 months); however, because of the small size of the study 
group, the authors suggested cautious interpretation of the 
data. In all cases, significant improvement relative to the 
patients treated with placebo-Rd was observed (PFS median 
for 5%, 20% and 60% thresholds was 9.7, 6.7 and 5.1 month, 
respectively). Among patients with t(4;14), the benefit from 
ixazomib treatment was observed in patients with 3%, 20% 
and 60% thresholds (HR 0.518–0.685) [18, 19].

In the current study group, del(17p) was present in both 
responders and non-responders. In a patient who did not 
benefit from treatment, the percentage of plasmacytes with 
del(17p) was 6%, lower than in responders (median 16%). 
The presence of t(4;14) was associated with a lack of response 
to treatment – the only patient with a lack of response was 
a carrier of this mutation; however, it was not found in 
any of the eight patients who benefited from treatment. 
Translocation t(14;16) was not found in any of the examined 
patients. The presence of t(11; 14) or t(8; 14) did not affect 
the efficacy of treatment. While t(11; 14)(q13; q32) is the 
most common translocation in MM patients, one of the less 
common cytogenetic disorders, t(8; 14)(q24; q32), is associated 
with MYC oncogene rearrangement. Both changes are still 
considered aberrations of unknown prognostic significance. 
However, there are single reports noting that the presence of 
t(8; 14) and t(11; 14), especially with the coexistence of other 
high risk aberrations, may be associated with an unfavouable 
prognosis in patients with MM [30, 31, 32].

According to the consensus of the IMWG (2016),amp(1q21) 
was added to high risk cytogenetic aberrations in MM [5, 33, 
34]. In the TOURMALINE-MM1 study, post hoc analysis 
was performed in order to assess the effects of treatment in 
patients with this mutation. Acquired data suggests benefit 
in relation to PFS median in patients treated with IRd vs. 
placebo-Rd with both isolated amp(1q21) (3% threshold; HR, 
0.781; 95% CI, 0.492–1.240), and in the group at extended 
high risk (≥2 changes, HR 0.644; 95% CI 0,474–0.928). 
Interestingly, the improvement of median PFS with IRd 
relative to placebo-Rd seems to be somewhat shorter in the 
group with isolated change. These observations indicate 
the need for further research. It is suggested that amp(1q21) 
commonly coexists with other cytogenetic abnormalities, 
such as del(1p), which may also lead to worse treatment 
outcomes.

Dash et al. demonstrated that the addition of ixazomib 
to Rd brings clinical benefit in patients with MM with 

non-canonical NF-κB pathway activation, which is a 
suggested mechanism of activity in high-risk MM with 
1q21 amplification. The authors used DNA/RNA sequencing 
data from 339 patients in the phase III TOURMALINE-
MM1 study. In 49 patients, non-canonical NF-κB pathway 
mutations were found. In those patients PFS was significantly 
longer in the IRd group compared to placebo-Rd group (HR 
0.23) [35]. In the current study, amp(1q21) was detected in 
two patients – in 55% and 100% of plasmocytes. In those 
patients, administering IRd triplet brought clinical benefit, 
but limited only to SD.

The first real world data about IRd use in a group of 
30 patients treated at the UK Haematology Centre were 
presented in 2017 during European Haematology Association 
Conference. Median age of patients – 65 years, median 
number of previous treatment lines – 2 (2–5), with all patients 
previously treated with PI (29 with bortezomib and five 
with carfilzomib); eight were resistant to therapy. Three 
patients had previously received lenalidomide. In 23 patients, 
ASCT was performed. Eighteen patients had unfavourable 
cytogenetic aberrations, among whom six were characterized 
by loss of TP53 protein. The median number of completed 
treatment cycles was 6. ORR – 70.8% (PR 13 (54.1%), VGPR 
3 (12.5%), CR 1 (4.2%)). For patients resistant to previous 
PI therapy, ORR was 37.5% (PR 2 (25%), VGPR 1 (12.5%)). 
PFS median in patients with TP53 loss was 7.5 months. IRd 
therapy was well tolerated. In five cases neutropenia and 
thrombocytopenia of stages 3–4 was observed, one patient 
had been diagnosed with anaemia stage 4. Because of toxicity, 
the ixazomib dose was reduced in four patients and treatment 
was stopped in one [36].

Hajek et al. presented data about IRd therapy in RRMM 
from the Insight MM Observational Study and the Czech 
Registry of Monoclonal Gammopathies (RMG). 163 patients 
from nine countries (50 INSIGHT MM, 113 from Czech 
RMG) were included in the analysis. Age median was 67 
years (range: 39–84), 71% had ECOG PS ≥1. Median time 
between diagnosis and the beginning of treatment with 
IRd was 42.6 months. A total of 50% / 30% / 20% patients 
had been administered IRd as a therapy of the 2/3 / ≥ 4 line. 
Previous therapies included bortezomib in 89% patients, 
thalidomide in 42%, lenalidomide in 21%, carfilzomib in 
11%, daratumumab in 3% and pomalidomide in 2%. 61% of 
patients who had undergone bone marrow transplantation 
before the analysed therapy. Data about the best response to 
treatment was available in 105 patients, among whom ORR 
was achieved in 74%, and ≥VGPR in 31% of patients. Median 
PFS was 20.9 months (95% CI: 13.0–28.7). Median overall 
survival (OS) was not reached. Reduction of ixazomib and 
lenalidomide doses was required in 15% and 30% of patients, 
respectively; however, only in 11% and 21% it was caused by 
toxicity [37].

Terpos et  al. published new real-world data about the 
efficacy of IRd in RRMM. The study was conducted on a 
group of 155 patients who received ixazomib via an early 
access programme in Greece, UK, and the Czech Republic; 
median age – 68 years; 17% had ECOG ≥2; median number 
of previous therapies was one (range: 1–7); 91%, 47% and 
17% received bortezomib, thalidomide and lenalidomide, 
respectively. Median duration of exposure to ixazomib was 
9.6 months. Total response rate was 74%, including 35% of 
VGPR or better (including 16% CR). Median PFS reached 
27.6 months. IRd treatment for more than six months was 
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related to prolonged PFS (HR 0,06). In 9% of patients, the 
treatment was stopped because of adverse events with no 
disease progression. Peripheral neuropathy occurred in 35% 
of patients (3% grade 3–4). Observations were consistent 
with the results of the TOURMALINE-MM1 study on a 
bigger patient population in a real-world setting. Because of 
the lack of routinely conducted cytogenetic tests, analysis of 
treatment efficacy in high molecular risk patients was not 
performed [38].

In a study comparing the effectiveness of IRd versus 
Rd in patients with relapsed and refractory multiple 
myeloma (RRMM), Minarik et al. confirmed the results of 
the TOURMALINE-MM1 study. The study involved 344 
patients, 127 treated with IRd and 217 Rd. The median PFS 
for the IRd was 17.5 months, and for the Rd 11.5 months 
(p = 0.005), median OS 36.6 months vs.26.0 months (p = 0.008). 
ORR was 73.0% in the IRd group vs. 66.2% in the Rd group. 
The IRd regimen was most beneficial in patients ≤ 75 years 
of age with ISS I, II, and after the first and second relapses. 
Patients with extramedullary disease did not benefit from 
IRD treatment (median PFS 6.5 months). Both regimens 
were well tolerated and the incidence of any and grade 3/4 
toxicity was comparable. High-risk abberations (t(4; 14), t(14; 
16), or del(17p13)) occurred in 11.8% (15/127) of patients in 
the IRd cohort and 8.8% (19/217) of patients treated with 
Rd. In the high-risk group of RRMM patients, one patient 
achieved VGPR, six PR, four MR, two had SD, and two 
progressive disease (PD). Among patients in the Rd cohort 
whose disease was considered to be high risk, one patient 
achieved VGPR, seven – PR, five – MR, three maintained 
SD, and three progressed [39].

Cohen et  al. presented the results of ixazomib-based 
combination treatment in patients with RRMM in a real-
world setting. The study group consisted of 78 patients from 
7 participating sites from the Israeli registry, 82% of whom 
used the IRd scheme. In 13 patients, ixazomib was used 
in ≥4th line of treatment. 29 patients were diagnosed with 
high-risk cytogenetic disorders (t(4:14), t(14:16), del17p, or 
+1q21). The treatment was relatively well tolerated, 11% of 
patients discontinued therapy due to toxicity. Median PFS 
on ixazomib reached 24 months (95% CI 17–30), median 
OS was not reached. Higher LDH, older age, and aggressive 
course of the disease were associated with worse PFS, while 
a deeper response to ixazomib (≥ VGPR) and a longer first-
line bortezomib response (≥ 24 months) were associated 
with improved PFS. Interestingly, there was no effect on PFS 
depending on cytogenetic risk according to FISH disease 
stage according to ISS/rISS classification and previously 
used therapies [40].

Surprisingly, a recently published, large real-world data 
study of IRd therapy in RRMM patients in Asia presented 
different results than those of TOURMALINE-MM1. The 
study included 122 patients from 16 centres of the Kansai 
Myeloma Forum database. Median age was 72 years, median 
of prior chemotherapy lines was four. Bortezomib had been 
previously used in 85.4% and lenalidomide in 89.3% patients. 
The treatment was stopped due to disease progression in 46 
and adverse events in 32 cases. Median PFS was 11.9 months 
while median OS was not reached. IRd regimen showed poor 
efficacy, especially in patients without the IgG M-protein 
component and refractory to lenalidomide [41].

CONCLUSIONS

Molecular abberations are one of the most important 
prognostic factors in patients with MM. Patients with 
relapsed/refractory disease and unfavourable cytogenetic 
abberations have a particularly poor prognosis. The outcome 
is highly dependent on the treatment strategy. Data from the 
TOURMALINE-MM1 study and real-world observations 
indicate that in the presence of high-risk specific cytogenetic 
abnormalities such as del(17p), t(4;14), t(14;16), the use of 
the IRd treatment regimen should be considered. It seems 
to be a very promising option with high efficacy and good 
tolerance; however, a large randomized trial comparing 
the effectiveness of new anti-myeloma drugs, especially in 
patients with cytogenetic abnormalities, is still lacking.
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