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Abstract
Introduction: Ixazomib, lenalidomide, and dexamethasone (IRd) have been ap-
proved for the treatment of relapsed/refractory multiple myeloma (RRMM) based 
on the results of the TOURMALINE- MM1.
Objectives and Methods: We conducted a retrospective–prospective analysis of 
106 RRMM patients (pts) treated with IRd in 21 centers in Northern Italy, with 
the aim to evaluate the efficacy and safety of IRd in real life.
Results: At IRd initiation, 34% of pts were aged ≥75 (median 72.5), 8.5% had an 
ECOG performance status ≥2, 54.7% of evaluable pts carried high- risk cytoge-
netic abnormalities [del17p and/or t(4;14) and/or t(14;16) and/or 1 g gain/amp], 
60.2% had received ≥2 prior lines of therapy (pLoT), 57.5% were lenalidomide 
(Len)- exposed (including both Len- sensitive and Len- refractory pts), and 22% 
were Len- refractory. Main G ≥3 adverse events (AEs) were thrombocytopenia 
(16%) and neutropenia (12.3%). G ≥3 non- hematologic AEs included infections 
(9.4%) and GI toxicity (diarrhea 5.7%, hepatotoxicity 2.8%), VTE, skin rash, and 
peripheral neuropathy were mainly G1- 2. The overall response rate was 56.4% 
(≥VGPR 30%). With a median follow- up of 38 m, median PFS (mPFS) was 16 m 
and the 1- year OS rate was 73%. By subgroup analysis, an extended PFS was 
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1  |  INTRODUCTION

The triplet combination of ixazomib, lenalidomide, and 
dexamethasone (IRd) has been approved for the treat-
ment of relapsed/refractory multiple myeloma (RRMM) 
based on the results of the pivotal TOURMALINE- MM1 
trial comparing IRd and placebo- Rd (lenalidomide and 
dexamethasone).1 The TOURMALINE- MM1 reported 
superior median progression- free survival (mPFS) with 
IRd (20.6 vs. 14.7 months) (m) and overall response rates 
(ORR) (78% vs. 72%) compared with placebo- Rd. The cor-
responding rates of complete response plus very good par-
tial response (CR+VGPR) were 48% and 39%, respectively.

In the routine clinical practice, the all- oral route of 
administration and the favorable safety profile make this 
regimen potentially suitable for the treatment of elderly, 
frail patients (pts)2–4 who are under- represented in the 
clinical studies.5,6 Several observational studies7–15 of IRd 
have confirmed the effectiveness of IRd with ORR rang-
ing from 60% to 74% and mPFS from 11.4 to 27.6 m in 
real- world setting, despite a higher prevalence of elderly 
and heavily pre- treated pts, compromised performance 
status (PS), and advanced stage disease. A proportion of 
pts ranging from 17% to 38% in the published real- world 
studies had previous exposure to lenalidomide (Len) com-
pared with only 12% in the MM1 study. Len- refractory pts 
were excluded from the pivotal trial and are very poorly 
represented in the real- world population included in the 
observational studies published to date. However, over the 
last few years, an increasing proportion of MM pts, both 
transplant eligible and non- transplant eligible, receive 
Len- based first line regimens until progression, with the 
result that the vast majority are Len- exposed and, more 
often, Len- refractory as early as at first relapse. This raises 
the issue of the feasibility of this Len- based treatment in 

previously Len- exposed or refractory pts and the optimal 
placing within the current therapeutic scenario.16,17

In this perspective, we conducted an observational 
analysis of 106 RRMM pts treated with IRd between 
January 2017 and May 2021 in 21 centers in Northern 
Italy, with the aim to evaluate efficacy and safety of IRd in 
a real- world population including a significant proportion 
of Len- refractory pts (20.7%) in addition to Len- exposed, 
non- refractory pts (36.8%). The issue of rechallenge with 
this all- oral, Len- based, triplet regimen, might be espe-
cially relevant for the elderly population, where frailty 
and comorbidities limit the therapeutic options in the re-
lapsed/refractory setting.

2  |  METHODS

2.1 | PATIENTS

One hundred six RRMM pts starting IRd in routine care 
between January 2017 and May 2021 in 21 Northern Italy 
Centers were enrolled in a retrospective/prospective ob-
servational study. All pts consented to the processing of 
personal data. The study comprises a retrospective phase 
(chart review of the period from IRd initiation to enrol-
ment) followed by a 24- month prospective follow- up pe-
riod (cut- off date: May 31, 2023). Inclusion criteria include 
diagnosis of RRMM; age ≥18 years; all subjects must have 
received at least 2 consecutive cycles of IRd treatment until 
May 31, 2021, and have evaluable response data; written 
informed consent must be obtained. Exclusion criteria in-
clude lack of informed consent for participation.

Twenty- six pts were analyzed only retrospectively; the 
remaining 80 pts were analyzed both retrospectively and 
prospectively. The median follow- up was 38 m.

observed for pts achieving ≥VGPR (mPFS 21.2 m), time from diagnosis to IRd 
≥5 years (26.2 m), 1 pLoT (34.4 m), Len- naïve (NR), age ≥70 (20 m). In pts exposed 
to Len, non- refractory in any prior line and immediately prior to IRd, mPFS was 
16 and 18 m, respectively. An inferior PFS was seen in Len- refractory pts (4.6 m). 
By multivariate analysis, independent predictors of PFS were age ≥70 (HR 0.6), 
time from diagnosis ≥5 years (HR 0.32), refractoriness to Len in any prior line 
(HR 3.33), and immediately prior (HR 4.31).
Conclusion: IRd might be effective and safe in RRMM pts with an indolent dis-
ease, in early lines of treatment, and who proved Len- sensitive, independent of 
age, and cytogenetic risk.

K E Y W O R D S

efficacy, ixazomib–lenalidomide–dexamethasone, lenalidomide- exposed, lenalidomide- 
refractory, real- life, relapsed/refractory multiple myeloma, safety
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2.2 | Study design

All patients received oral ixazomib (Ixa) (4 mg on Days 1, 
8, and 15) in association with dexamethasone (Dex) 20 mg 
on Days 1, 8, and 15 and lenalidomide (Len) 25 mg orally 
on Days 1–21 of each 28- day cycle. The dose of each drug 
was adjusted, according to drug recommendations, in case 
of specific pre- existing comorbidities and during treat-
ment based on intervening toxicities.

Disease response was based on investigator assessment 
according to the International Myeloma Working Group 
(IMWG) consensus criteria.18 The safety assessment was 
based on reports of hematological and non- hematological 
toxicities, including anemia, neutropenia, thrombocyto-
penia, infections, venous thromboembolism (VTE), skin 
rash, increase in liver function tests, and gastrointestinal 
(GI) and neurological toxicity. All adverse events (AEs) 
were recorded using the Common Terminology Criteria 
for Adverse Events (CTCAEs) version 5.0. Renal insuffi-
ciency (RI) was defined as estimated glomerular filtration 
rate (eGFR) ≤60 mL/min.

The primary endpoint was to evaluate the safety and 
efficacy of IRd treatment, in terms of toxicity, ORR, PFS 
and OS. Secondary endpoints were to evaluate the impact 
of age, depth of response, cytogenetic risk, ISS, RI, num-
ber of prior lines of therapy (pLoT), time from diagnosis 
to IRd, exposure and refractoriness to Len, time interval 
between the last Len administration and IRd, and starting 
Len dose.

This study was conducted in accordance with the ethi-
cal principles of the Declaration of Helsinki.19

2.3 | Statistical analysis

Response to therapy was assessed according to the IMWG 
criteria.18 ORR was calculated considering the achieve-
ment of at least a partial response (PR). Time to events 
endpoints was defined as the time from start of treatment 
to the relative event occurring. PFS was assessed depend-
ing on relapse/disease progression or death, whichever 
came first, while OS was calculated considering only 
deaths. The Kaplan–Meier method and relative survival 
curves were adopted to estimate PFS; comparisons be-
tween subgroups were evaluated by the Mantel–Cox log 
rank test. Semi- parametric Cox regression univariate 
analysis was performed aiming to identify prognostic fac-
tors affecting PFS. To confirm whether those prognostic 
factors maintained an independent role, statistically sig-
nificant variables (a p value <0.05 was considered to be 
statistically significant) were subsequently included in a 
multivariable Cox model adjusted for age. Analyses were 
performed using R (version 4.1.3).20 All estimates subject 

to inference were reported together with their 95% confi-
dence intervals (CI) and 5% was chosen for all analyses as 
the max alpha error admitted and considered for statisti-
cal significance.

3  |  RESULTS

3.1 | Patient characteristics

One hundred six pts, who received at least two cycles of 
IRd during the observation period, were retrospectively 
and prospectively evaluated. The reason for starting the 
IRd regimen was symptomatic progressive disease (PD) 
according to CRAB criteria in 47% of pts, and biochemi-
cal relapse in 53%.21 Patient characteristics at study 
entry are summarized in Table 1. At IRd initiation, the 
median age was 72.5, with 34% of pts aged ≥75. 8.5% had 
an ECOG performance status (PS) ≥2, 54.7% of evaluable 
pts (41 out of 75) carried HRCA [del17p and/or t(4;14) 
and/or t(14;16) and/or 1 g gain/amp], detected by fluo-
rescence in  situ hybridization (FISH); 25.3% of evalu-
able pts (19 out of 75) had del17p; RI, defined as eGFR 
≤60 mL/min, was present in 31.6%, being severe (eGFR 
<30 mL/min) in only 3 pts (3.8%). 39.8% had ISS stage 
III. The median number of prior lines of therapy (pLoT) 
was 2 (range 1–7) with the majority of pts (60.2%) receiv-
ing ≥2. In more detail, 39.8% and 21.7% of pts received 
IRd at first and second relapse, respectively, while 38.5% 
had received 3 or more pLoT. 57.5% were exposed to 
Len (including both Len- sensitive and Len- refractory 
pts), 22% were Len- refractory. The great majority of pts 
(78.3%) had received prior bortezomib (13.2% of them 
were refractory), and 42% underwent a prior autologous 
stem cell transplant (ASCT). Median time from diagno-
sis to IRd was 62 m.

3.2 | Treatment received

For just over half of the pts (50.8%) the Len starting dose 
was 15 mg or less according to standard recommendations 
for cytopenia, RI and age. Ixa and Dex were started accord-
ing to the planned schedule in all patients. Antithrombotic 
prophylaxis was adopted in all pts except 3, mainly aspirin 
or heparin (both in 28.3% of pts).

3.3 | Safety

The most frequent toxicity was hematological, mainly 
grades (G) 1 and 2, with 38.7%, 36.8% and 34.9% of ane-
mia, thrombocytopenia, and neutropenia, respectively.
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T A B L E  1  Patient characteristics at IRd initiation compared with the study population in the Tourmaline- MM1 trial.

Characteristics Study population (n = 106) Tourmaline- MM1 (n = 722)

Sex (n, %)

Male 46 (43.4) 409 (57)

Female 60 (56.6) 313 (43)

Age (n, %)

Median 72.5 66

≥75 36 (34) 108 (15)

<75 70 (66) 614 (85)

ECOG (n, %)

≥2 9 (8.5) 42/712 (6)

ISS (n, %)

I 26 (24.7) 459 (64)

II 38 (35.5) 176 (24)

III 42 (39.8) 87 (12)

R- ISS (n, %)

I 18/80 evaluable pts (22.5) N/A

II 26/80 evaluable pts (32.5) N/A

III 36/80 evaluable pts (45.0) N/A

R2- ISS (n, %)

I 17/72 evaluable pts (23.6) N/A

II 13/72 evaluable pts (18.0) N/A

III 34/72 evaluable pts (47.2) N/A

IV 8/72 evaluable pts (11.2) N/A

Cytogenetic risk (n, %) (Data not available in 24%)

Standard risk 34/75 evaluable pts (45.3) 415 (57)

High risk 41/75 evaluable pts (54.7) 137 (19)

del17p 19/75 evaluable pts (25.3) N/A

Creatinine clearance (n, %)

eGFR >60 mL/min 81 (68.4) 542 (73)

eGRR <60 mL/min 25 (31.6) 169 (23) (eGFR 30 to ≤60 mL/min)

Prior lines of treatment (n, %)

1 42 (39.8) 411 (61)

2 23 (21.7) 208 (29)

≥3 41 (38.5) 73 (10) (3 prior lines)

Prior lenalidomide (n, %) 61 (57.5) 88/722 (12)

Lenalidomide- exposed, non- refractory 39 (36.8) 88/722 (12)

Lenalidomide- refractory 22 (20.7) 0

Lenalidomide immediately prior to IRd (n, %) 16 (15.5) N/A

Lenalidomide- exposed, non- refractory 9 (8.7) N/A

Lenalidomide- refractory 7 (6.8) 0

Prior bortezomib (n, %) 83 (78.3) 498 (69)

Bortezomib- exposed, non- refractory 69 (65.1) 486 (67)

Bortezomib- refractory 14 (13.2) 12 (2)

Prior ASCT 44.5 (42) 411 (57)

Note: High cytogenetic risk defined as the presence of [del17p and/or t(4;14) and/or t(14;16) and/or 1 g gain/amp], detected by fluorescence in situ 
hybridization (FISH).
Abbreviations: ASCT, autologous stem cell transplant; ECOG, Eastern Cooperative Oncology Group; Egfr EGFR, estimated glomerular filtration rate; ISS, 
International Staging System; n, number; N/A, not available; R- ISS, Revised International Staging System; R2- ISS, Second Revision of the International Staging 
System.
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Overall, G ≥3 hematological AEs were reported in 
26.4% of pts. More specifically, G ≥3 anemia occurred in 
4.7%, thrombocytopenia in 16%, neutropenia in 12.3%. 
Infections, GI toxicity (mainly diarrhea), skin rash 
and peripheral neuropathy (PN) were the commonest 
non- hematological toxicities of any grade. G ≥3 non- 
hematologic AEs overall occurred in 24.5% of pts and 
included mostly infections (9.4%) and GI toxicity (8.5%, 
including diarrhea in 5.7% and hepatotoxicity in 2.8%). G 
≥3 VTE, skin rash and weakness were reported in 2.8%, 
1.9%, and 1.9% respectively. Notably, the incidence of any 
grade PN was 26.4%; however, no new onset G ≥3 neuro-
logical AE was observed. When analyzing pts aged ≥75, 
the rates of any grade and G ≥3 hematological and non- 
hematological AEs were similar to the overall population, 
except for a higher incidence of G ≥3 thrombocytopenia 
(22.2%) and skin rash (25% any grade, 5.5% G ≥3) (Table 2).

As previously mentioned, only 13.2% of the pts discon-
tinued treatment for toxicity (2.8% due to G ≥3 hemato-
logical AEs, 10.4% due to non- hematological AEs, mainly 
infections). Overall, in 12.3% of pts a dose reduction of one 
or more drugs occurred for G ≥3 AEs. When specifically 
considering hematological toxicity, 6.6% and 4.7% of pts 
needed Len and Ixa dose reduction, respectively, while 
only 2.8% required reduction of both drugs. With regard to 
non- hematological toxicity, 8.5% and 5.7% needed Len and 
Ixa dose reduction, respectively, mainly due to diarrhea 
(4.7% and 3.8%). 4.7% required reduction of both drugs, in 
all cases due to diarrhea.

In pts aged ≥75 at the time of IRd initiation, the rate 
of treatment discontinuation due to G ≥3 hematological 
AEs was slightly higher (5.5%), while no differences were 
noted in terms of discontinuation for non- hematological 

AEs and dose reductions, both for Len and Ixa (Table 3). 
Notably, among pts aged ≥75, 48% received a reduced Len 
starting dose (5–15 mg), which is comparable to the over-
all population (50.8%).

3.4 | Efficacy and survival outcomes

Treatment responses are reported in Table 4. The ORR was 
56.4%, including 30%≥ VGPR and 11.2% CR. Among pts 
who were Len- exposed, non- refractory, the ORR was sim-
ilar to the overall population (54%) although with a lower 
rate of best response ≥VGPR (25.6%). Len- refractoriness 
impacted negatively both on ORR (36.4%) and rate of 
≥VGPR (27.3%). At the time of analysis, 18.9% of pts were 
on ongoing treatment, 81.1% had discontinued IRd treat-
ment, mainly (59.4%) for PD, and in a lower proportion 
(13.2%) for toxicity. By the cutoff date, 43.3% pts had died, 
mostly due to PD (28.3%); in 10.4% the death was second-
ary to toxicity, in almost all cases infections. In 2 pts, the 
cause of death was pulmonary embolism and myocardial 
infarction, respectively. With a median follow- up of 38 m, 
the mPFS was 16 m, mOS not reached (NR), and the 1- 
year (1- y) OS rate 73% (Figure 1).

Aiming to identify prognostic factors affecting PFS, Cox 
regression univariate and multivariate analyses were per-
formed (Table 5). By univariate subgroup analysis, an ex-
tended PFS was observed for pts who achieved ≥VGPR as 
best response (21.2 vs. 7.8 m, HR = 0.55, 95% CI: 0.31–0.99, 
p 0.04), with prolonged time (≥5 years) from diagnosis to 
IRd (26.2 vs. 7.6 m, HR = 0.48, 95% CI: 0.29–0.79, p 0.004), 
who had received 1 pLoT when compared to the rest of the 
population, although with weak statistical significance 

Adverse event

n of pts (%)—Overall 
population

n of pts (%)—Pts aged 
≥75 (n = 36)

All grades Grade ≥3 All grades Grade ≥3

Hematological

Anemia 41 (38.7) 5 (4.7) 12 (33.3) 1 (2.8)

Thrombocytopenia 39 (36.8) 18 (16) 14 (38.9) 8 (22.2)

Neutropenia 37 (34.9) 13 (12.3) 14 (38.9) 4 (11.1)

Non- hematological

Infection 23 (21.7) 10 (9.4) 5 (13.9) 2 (5.5)

GI (diarrhea) 31 (29.2) 6 (5.7) 10 (27.8) 3 (8.3)

GI (LFTs abnormalities) 7 (6.6) 3 (2.8) 1 (2.8) 0

VTE 4 (3.8) 3 (2.8) 0 0

Skin rash 15 (14.1) 2 (1.9) 9 (25) 2 (5.5)

Peripheral neuropathy 28 (26.4) 0 6 (16.7) 0

Other 17 (16.0) 2 (1.9) 3 (8.3) 0

Abbreviations: GI, gastrointestinal; LFTs, liver function tests; n, number; VTE, venous thromboembolism.

T A B L E  2  Adverse events (all grades 
and grade ≥3).
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(34.4 vs. 15.5 m, HR = 0.59, 95% CI: 0.33–1.02, p 0.07), 
without previous exposure to Len (Len- naïve) compared 
with Len- exposed (mPFS NR vs. 8.4 m, 95% CI: 6.4–20.2, 
p = 0.04). Interestingly, however, in pts who had been pre-
viously exposed, but were not refractory to Len, mPFS was 

comparable to the overall population (16 m). Conversely, 
refractoriness to Len has a strong negative prognostic 
impact as it is associated with a significantly worse PFS 
compared with Len- naïve (4.6 vs. NA, HR = 2.45, 95% CI: 
1.27–4.71, p = 0.007). Pts who had been exposed but were 
not refractory to a Len- based regimen immediately prior 
to IRd, had a mPFS similar to Len- naïve (mPFS 17.4 m 
in Len- naïve, 18 m in Len- exposed, non- refractory, 4.2 m 
in Len- refractory immediately prior to IRd). Bortezomib- 
refractory pts had a shorter PFS compared with pts who 
had exposed but, but were not refractory to Bortezomib 
(4.3 vs. 18 m, HR = 2.23, 95% CI: 1.13–4.41, p = 0.02). 
Prolonged mPFS was observed in pts aged ≥70 vs. <70 (20 
vs. 7.7 m, HR = 0.56, 95% CI: 0.34–0.93, p = 0.02), particu-
larly in the range between 70 and 74 compared with the 
younger age group (26 vs. 16 m vs. 7.4 in the age groups 
≥70–74, ≥75 and <70 respectively, p = 0.04). The baseline 
characteristics of pts aged >70 were similar to the over-
all population except for a lower incidence of prior ASCT 
(21.8% vs. 42.4%). Among pts aged ≥70, the proportion 
with only 1 pLoT (33.3%), exposure (55%) and refracto-
riness to prior Len (18.8%) were in line with the overall 
population.

The presence of RI (eGRF ≤60 mL/min) may be as-
sociated with a trend toward reduced PFS (17 vs. 8.5 m, 
p = 0.4). mPFS was higher in pts with standard cytoge-
netic risk compared to those with high risk (21 vs. 11 m); 
however, the difference was not statistically significant 
(p = 0.3). When we specifically analyzed the impact of 
del17p, no statistically significant difference emerged in 

n of pts (%) – Overall population 
(n = 106)

n of pts (%) – Pts 
aged ≥75 (n = 36)

Discontinuation of 
treatment due to 
hematological AEs

3 (2.8) 2 (5.5)

Discontinuation of 
treatment due to non- 
hematological AEs

11 (10.4) (infection, VTE, LFTs 
abnormalities, weakness, rash, 
diarrhea)

3 (8.3) (rash, 
diarrhea, 
infection)

Dose reduction in 
lenalidomide due to 
hematological AEs

7 (6.6) 3 (8.3)

Dose reduction in 
lenalidomide due to 
non- hematological AEs

9 (8.5) 3 (8.3)

Dose reduction in 
ixazomib due to 
hematological AEs

5 (4.7) 1 (2.8)

Dose reduction in 
ixazomib due to non- 
hematological AEs

6 (5.7) 1 (2.8)

Abbreviations: AEs, adverse events; LFTs, liver function tests; n, number; pts, patients; VTE, venous 
thromboembolism.

T A B L E  3  Incidence of dose 
adjustments and drug discontinuation.

T A B L E  4  Treatment responses.

Overall response rate, overall population 
(n = 106) (n, %) 64 (56.4)

Best response, overall population (n, %)

CR 12 (11.2)

VGPR 20 (18.8)

VGPR/CR 32 (30)

PR 28 (26.4)

MR/SD 38 (35.8)

PD 8 (7.5)

Overall response rate in Len- exposed pts (n = 61) 
(n, %)

29 (47.5)

Best response VGPR/CR 16 (26.2)

Overall response rate in Len- exposed, non- 
refractory pts (n = 39) (n, %)

21 (54)

Best response VGPR/CR 10/39 (25.6)

Overall response rate in Len- refractory pts 
(n = 22) (n, %)

8/22 (36.4)

Best response VGPR/CR 6/22 (27.3)

Abbreviations: CR, complete response; Len, lenalidomide; MR, minimal 
response; n, number; PD, progressive disease; PR, partial response; pts, 
patients; SD, stable disease; VGPR, very good partial response.
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terms of mPFS for pts with or without del17p (14.7 vs. 
17.4 m, p = 0.9). Furthermore, no significant difference in 
PFS was found based on the time interval (≥12 vs. <12 m) 
between the last Len administration and IRd (8.2 vs. 7.7, 
p = 1); starting Len dose 25 mg versus <25 mg (8 vs. 16.2 m, 
p = 0.4); ISS I- II versus III (16.2 vs. 14.7 m, p = 1).

The standard- of- care risk stratification model is cur-
rently represented by the Revised International Staging 
System (R- ISS), incorporating two further prognostic 
factors into ISS: cytogenetic risk as assessed by FISH and 
LDH level.22 The second revision of the International 
Staging System (R2- ISS) analyzes the additive value of 
each single risk feature, including chromosome 1q gain/
amplification (1q+) that recently proved to be a poor prog-
nostic factor.23 In this real- world, RRMM setting, however, 
information on cytogenetics by FISH, and, more specifi-
cally, on 1q+, and LDH levels is not available in a relevant 
proportion of pts, limiting the subgroup analyses based 
on R- ISS and R2- ISS to 80 pts and 72 pts, respectively. By 
univariate subgroup analysis, a statistically significant dif-
ference in PFS emerged for pts in stage R- ISS III compared 
to R- ISS I (p = 0.05) and R2- ISS IV compared with R2- ISS 
I (p = 0.0001). However, the low number of cases did not 
allow us to analyze the independent prognostic value of 
these parameters in a multivariate analysis. The Kaplan–
Meier curves of PFS for the above- mentioned factors are 
reported in Figure 2.

A survival benefit emerged in pts achieving ≥VGPR 
compared to pts achieving less than VGPR as best re-
sponse (1- y OS 82.4% vs. 68.1%, p = 0.02). Conversely, 

pts achieving less than PR had only 50% 1- y OS. A 1- y 
OS advantage was also observed in pts with prolonged 
time (≥5 years) from diagnosis to IRd (80.9% vs. 61.9%, 
p = 0.07), no refractoriness to prior Len- based therapy 
(79.5% vs. 52.2%, p = 0.1), absence of HRCA (76.5% vs. 
65.5%, p = 0.1). Interestingly, the 1 y- OS in Len- exposed, 
non- refractory pts was similar to naïve pts (80%); simi-
larly, pts exposed, non- refractory to a Len- based regimen 
immediately prior to IRd had 100% 1- y OS, in the face of 
50% in pts refractory to Len as immediately prior to IRd. 
Extended OS was associated with high quality responses 
(≥VGPR) compared with pts achieving <VGPR (mOS 
NR vs. 39.5 vs. 20.8 m in pts achieving ≥VGPR, PR, and 
<PR respectively, p = 0.002), age 70–74 (mOS NR vs. 32.6 
vs. 39.5 m in the age groups 70–74, ≥75, and <70 respec-
tively, p = 0.05), and time ≥5 years from diagnosis to IRd 
(mPFS NR vs. 25.5 m, p = 0.07).

All the variables that showed a significant prognostic 
value (p = <0.05) in the univariate analysis were used in 
a multivariate analysis (Table 5, Figure 3). By multivari-
ate Cox regression analysis, the only independent predic-
tors of PFS were age ≥70 (HR = 0.6, 95% CI: 0.36–1.002, 
p = 0.05), time from diagnosis ≥5 years (HR = 0.32, 95% 
CI: 0.18–0.57, p = 0.0001), and refractoriness to Len, 
both immediately prior (HR = 4.31, 95% CI 1.56–11.94, 
p = 0.004) and non- immediately prior to IRd (HR = 3.33, 
95% CI 1.46–7.61, p = 0.004) compared with Len- naïve. 
Len- exposure non immediately prior to IRd has a weak 
statistical significance as an independent negative predic-
tor (HR = 2.14, 95% CI 1.07–4.27, p = 0.03).

F I G U R E  1  Kaplan–Meier curves of PFS (A) and OS (B) of the overall study population.
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4  |  DISCUSSION

The global phase 3 TOURMALINE- MM1 study, includ-
ing 722 pts with RRMM who had received 1–3 previous 

lines of therapy, showed a significant improvement of 
PFS in pts treated with the combination of IRd compared 
with Rd (mPFS 20.6 vs. 14.7 m, HR = 0.74, p = 0.012).1 
The FDA approval of Ixa for use in combination with 

F I G U R E  2  Kaplan–Meier curves of PFS based on the number of pLoT (A), time from diagnosis (B), age (C), best response (D), 
exposure/refractoriness to Len in any prior line (E) and immediately prior to IRd (F), exposure/refractoriness to prior bortezomib (G), R- ISS 
(H), R2- ISS (I). Bor- exp,bortezomib- exposed; Len- exp,lenalidomide- exposed; NR,not reached; pLoT,prior lines of therapy; R2- ISS, second 
revision of the International Staging System; R- ISS,Revised International Staging System; VGPR,very good partial response; y,years.
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Len and Dex for pts who have received at least 1 pLoT, 
based on the results of the pivotal study, allowed practi-
tioners to provide RRMM pts an all- oral triplet therapy. 
Nevertheless, the baseline characteristics of the study 
population in the MM1 study only partially reflect those 
in the real- world population treated with IRd. The study 
population in the MM1 study included a small propor-
tion of pts aged ≥75 (15%, median age 66), with im-
paired PS (ECOG 2 6%), advanced stage disease (ISS III 
12%), moderate RI, defined as creatinine clearance 30 
to <60 mL/min per 1.73 m2 (23%), 3 pLoT (10%), Len- 
exposure (12%), HRCA (19%) (Table  1). In the routine 
clinical practice, the all- oral route of administration and 
the favorable safety profile make this regimen poten-
tially suitable for the treatment of elderly pts with co-
morbidities and/or impaired PS.5,6 Several observational 
studies have indeed reported a higher prevalence of 
older age, impaired PS, advanced stage disease, >2 pLoT 
in the real- world population treated with IRd, showing 
comparable effectiveness with OR rates ranging from 
60% to 74% and mPFS ranging from 11.4 to 43 m.7–15 
Moreover, a significant proportion of pts (17%–39%) 
in the real- world setting has previous exposure to Len 

compared to only 12% in the MM1 study. Furthermore, 
Len- refractory pts were excluded from the pivotal trial 
and are very poorly represented in the real- world pub-
lished data. However, an increasing proportion of MM 
pts, both transplant eligible and non- transplant eligi-
ble, receive Len- based first line regimens until progres-
sion.24–26 As a result, the vast majority are Len- exposed 
and, more often, Len- refractory as early as at first re-
lapse, raising the issue of the optimal placing of this 
Len- based triplet.16,17

We therefore conducted a retrospective/prospective 
analysis to assess the efficacy and safety of IRd in a real- 
world population of 106 patients treated in 21 centers in 
the North of Italy between January 2017 and May 2021.

Older age (≥75), advanced ISS stage and HRC disease, 
poor PS, impaired renal function, heavily pre- treated, 
Lenalidomide- exposed, and refractory pts were highly 
represented in the study population. In terms of efficacy, 
the ORR (56.4%) and rate of deep responses (≥VGPR 30%) 
reported in the present study were inferior to those in the 
TOURMALINE- MM1 (ORR 78%, ≥VGPR 48%), possibly 
as a result of the unfavorable characteristics of this study 
population in terms of prevalence of frailty, high- risk 

F I G U R E  2   (Continued)
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disease and previous treatment exposures. Consistently, 
mPFS (16.3 m) and 1- y OS (73%) were shorter compared 
with the TOURMALINE- MM1.

In line with previously published real- world studies of 
IRd,9,10,15 extended PFS emerged in pts with fewer pLoT. 
mPFS in pts with only 1 pLoT (34.4 m) is approximately 
twofold longer than with ≥2 pLoT, although with weak 
statistical significance, supporting the early use of IRd 
as an effective salvage therapy. It should be noted that in 
Italy Ixa is reimbursed in pts with MM who received at 
least 2 pLoT, or in pts with HRCA after only 1 pLoT.27 It 
follows that all the pts treated with IRd at first relapse in 
this study had HRCA, and that early treatment may be as-
sociated with a partial overcoming of the negative prog-
nostic impact of cytogenetics.

In the present analysis, Len exposure (57.5% of pts, 
including both Len- sensitive and refractory—36.8% and 
20.7%, respectively), negatively impacted on PFS com-
pared to no exposure, in line with previously published 
real- world data.9 In contrast, recently published data of 
a large, non- interventional prospective study on 376 pts, 
showed that among pts receiving IRd after 1 or 2 pLoT, 
mPFS was similar for pts previously exposed to Len 
(19.5 m) than for those Len- naïve (22.6 m, p = 0.29).15 It 
should be noted, however, that in the present study the 
analysis of the impact of prior Len exposure was per-
formed in a population also including pts with >2 pLoTs 
and a high proportion of Len- refractory pts. Interestingly, 

mPFS in previously exposed, non- refractory pts was com-
parable to the overall population (16 m). When consider-
ing pts exposed, non- refractory to a Len- based regimen 
immediately prior to IRd, mPFS (18 m) was comparable 
to Len- naïve pts (17.4 m). Exposure with no refractoriness 
to Len immediately prior to IRd did not prove statistically 
significant as an independent negative predictor com-
pared to non- exposure. Conversely, refractoriness to Len 
has the strongest negative impact on PFS (4.2 and 4.6 m 
with Len immediately prior and non- immediately prior to 
IRd, respectively) and 1- y OS (52.2% vs. 79.5% in Len-  re-
fractory and non- refractory pts), and proved to be a strong 
independent negative predictor in terms of PFS both im-
mediately prior (HR 4.31) and non- immediately prior to 
IRd (HR = 3.33) compared to Len- naïve. These data sup-
port the potential efficacy of IRd in pts with suboptimal 
response to a prior Len- based regimen and in those who 
have discontinued Len for reasons other than progressive 
disease and argue against the use of IRd in pts who have 
clearly proved to be refractory to Len, regardless of the 
timing of administration.

By contrast, the interval between the last Len adminis-
tration and IRd and the Len starting dose (25 vs. <25 mg) 
did not impact on PFS. By univariate analysis, Bortezomib- 
refractory pts had a shorter PFS compared with pts who 
had been exposed but were not refractory to bortezomib 
(4.3 vs. 18 m, HR = 2.23, 95% CI: 1.13–4.41, p = 0.02), sug-
gesting that pts who are resistant to bortezomib might be, 

F I G U R E  3  Multivariate analysis of variables affecting PFS. len,lenalidomide; VGPR,very good partial response; y,years. *** p<0.001; ** 
p<0.01; * p<0.05.
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at least partially, cross- resistant to the second- generation, 
oral proteasome inhibitor Ixa.

No statistically significant difference in outcome 
emerged in pts with HRCA, and more specifically 
with del17p, compared with standard cytogenetic risk. 
Therefore, our real- world data are consistent with those 
from TOURMALINE- MM1 with regard to the ability of 
this triplet regimen to overcome, at least partially, the 
negative impact of HRCA, including del17p. These re-
sults should be interpreted with caution since cut- off 
thresholds to define FISH positivity were not set. As pre-
viously mentioned, all the pts treated with IRd at first re-
lapse in this study had HRCA, and early treatment may 
have affected favorably the outcome of HRC pts treated 
with IRd.

Improved PFS and 1- y OS outcomes were associated 
with high- quality responses (≥VGPR) and time from di-
agnosis to IRd ≥5 years. A prolonged time from diagnosis 
may reflect an indolent course of the disease, affecting 
positively the PFS on the previous line(s) of therapy, and 
emerged as an independent positive predictor (HR 0.32) 
in multivariate analysis. Consistently, previous data have 
shown a positive correlation of PFS of induction and PFS 
in RRMM pts treated with IRd.8

As for the impact of age, extended PFS was reported 
in pts aged ≥70 compared with the younger age group. 
The PFS benefit translated into a survival advantage in 
the age group 70–74 compared with the rest of the popu-
lation. As pointed out earlier, the baseline characteristics 
of pts aged ≥70 were similar to the overall population with 
the exception of a lower incidence of prior ASCT (21.8% 
vs. 42.4%). Age ≥70 maintained an independent role as a 
positive prognostic factor in the multivariate analysis (HR 
0.6). Consistently, data recently reported by the French 
group did not report significant differences in terms of 
PFS and ORR in pts younger and older than 80 (mPFS 19.1 
vs. 17.4 m, p = 0.06; ORR 72.4% and 76.8% respectively).15 
Unlike age, frailty has been reported to affect negatively 
the outcome of pts treated with IRd in real life.15 In the 
present study, no specific assessment of frailty has been 
performed.

The safety profile is favorable, with no new safety 
signals observed, in elderly pts as well as in the overall 
population. The rates of G ≥3 hematological and non- 
hematological toxicities, treatment discontinuation and 
dose reduction of one or both of the drugs were low and 
comparable in pts aged ≥75 and the overall population. In 
the newly diagnosed MM setting, the prospective, phase 
4 US MM- 6 study showed that In- Class Transition from 
parenteral bortezomib- based induction to all- oral IRd 
therapy allowed long- term PI- based treatment with im-
proved responses in both pts aged <75 and ≥75. Similarly 
to our findings, the safety profile was favorable with rates 

of treatment- emergent AEs and AEs leading to discontin-
uation comparable in both age groups and no adverse im-
pact on quality of life.28 Our data, in accordance with the 
previously published data, support the interest of IRd in 
an older population, with acceptable tolerance and effec-
tiveness at least comparable to a younger population.

Our analysis presents some limitations. Firstly, the 
retrospective nature of the study. Furthermore, in this 
real- world, RRMM setting, the cytogenetic profile was 
available in 70% of pts, and just over half (57%) were, more 
specifically, evaluable for 1q+, resulting in the inability to 
perform subgroup analyses based on R- ISS and R2- ISS. 
The cutoff thresholds to define FISH positivity, including 
del17p, were not set. This might, at least partially, explain 
the high incidence of HRCA in this study population com-
pared to other published series and suggests caution in the 
interpretation of the results with respect to cytogenetics. 
Moreover, the exact timing and extent of Len, Ixa and Dex 
dose modifications were not systematically reported in the 
retrospective analysis, preventing us from assessing the 
impact of dose intensity on outcomes. Another limitation 
is the lack of MRD evaluation in pts achieving VGPR/CR.

5  |  CONCLUSION

In conclusion, in a real- life population with adverse prog-
nostic characteristics in terms of older age, PS, cytogenetic 
risk, prior exposure and refractoriness to Len, IRd demon-
strated inferior ORR, rates of ≥VGPR and PFS as compared 
to the TOURMALINE- MM1, with a favorable safety pro-
file and no new safety concerns. Prolonged time from di-
agnosis to IRd and age ≥70 were independently associated 
with favorable outcomes. While refractoriness to prior 
Len has proved to be a strong independent negative prog-
nostic factor in pts treated with IRd, regardless of timing 
of administration, our data support the potential efficacy 
of IRd in pts who were Len- sensitive or had a suboptimal 
response to a prior Len- based regimen. Moreover, treat-
ment with IRd in earlier lines of therapy might overcome 
the adverse impact of high- risk cytogenetics. IRd might, 
therefore, represent an effective and safe combination in 
selected RRMM pts with an indolent disease course and 
slow relapse kinetics, in early lines of treatment, who are 
Len- sensitive, independent of age, and cytogenetic risk.
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