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Events/

patients, n
Median PFS, months HR (95% CI) p value

High risk

Ixazomib-based

Placebo-based

150/270

156/227

17.8

13.2

0.71 (0.57–0.89) 0.0033

Standard risk (complement of

high risk)*

Ixazomib-based

Placebo-based

428/957†

450/792

26.3

17.6

0.68 (0.59–0.77) 0.0001

Expanded high risk*

Ixazomib-based

Placebo-based

316/555

321/479

18.1

14.1

0.70 (0.60–0.82) 0.0001

Standard risk (complement of 

expanded high risk)*

Ixazomib-based

Placebo-based

228/587†

246/476

36.1

21.4

0.67 (0.55–0.80) 0.0001

Del(17p)

Ixazomib-based

Placebo-based

85/141

77/107

15.7

13.2

0.75 (0.55–1.02) 0.0677

t(4:14)

Ixazomib-based

Placebo-based

63/124

68/102

22.4

13.2

0.67 (0.47–0.94) 0.0210

Amp1q21

Ixazomib-based

Placebo-based

211/380

201/312

18.8

14.5

0.72 (0.59–0.88) 0.0010

Overall HR 0.73

0.70

0.73

Pooled adjusted HR**

Pooled weighted HR***

High-risk subgroup: presence 

of one or more of del(17p), 

t(4:14) or t(14:16) cytogenetic 

abnormalities

Expanded high-risk subgroup:

presence of any of the above 

and/or amp1q21

Complementary standard-risk 

subgroups: 

patients without any of the 

specified cytogenetic 

abnormalities listed above for 

high-risk and expanded high-risk
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Cytogenetic subgroups

• Patients with MM characterized by specific cytogenetic abnormalities were categorized into subgroups, 

defined by the presence of one or more of the following:

– High-risk subgroup: del(17p), t(4;14), and t(14;16)

– Expanded high-risk subgroup: high-risk abnormalities plus amp1q21

• Complementary standard-risk cytogenetic subgroups: defined based on the absence of these (expanded) 

high-risk abnormalities in samples available for testing (excluding patients whose samples were missing

or unevaluable)

Cytogenetic evaluations

• In TOURMALINE-MM1/-MM2, cytogenetic abnormalities were assessed by a central laboratory at

screening using fluorescence in situ hybridization (FISH) in enriched CD138+ plasma cells from bone 

marrow aspirates 

– The presence of del(17p), t(4;14), and t(14;16) were defined based on cut-offs of 5%, 3%, and 3% 

positive cells, respectively, based on the false-positive rates (technical cut-offs) of the FISH probes used; 

cut-off values of 3% (MM1) and 20% (MM2) were used for amp1q21

• In TOURMALINE-MM3/-MM4, cytogenetic assessment was performed locally using FISH or conventional 

karyotyping with locally defined thresholds for positivity; result reports were interpreted centrally by

a hematopathologist

Statistical analysis

• Pooled data on progression events and deaths were used to generate Kaplan–Meier estimates for PFS with 

ixazomib vs placebo in the defined cytogenetic patient subgroups and for patients with ≥1 of the 4 individual 

cytogenetic abnormalities (and/or any of the other 3 cytogenetic abnormalities)

• Statistical comparisons of PFS in ixazomib vs placebo pooled treatment groups were based on unstratified 

HRs and descriptive log-rank p values

• A number of cytogenetic abnormalities (deletion, translocation or amplification of chromosomal loci)

are associated with poorer prognosis in multiple myeloma (MM), including del(17p), t(4;14), t(14;16),

and amp1q21,1,2 and are included in the 2016 International Myeloma Working Group definition of

high-risk cytogenetics1

• Proteasome inhibitors (PIs), including oral ixazomib, are a cornerstone of MM therapy,3 and there is a 

general consensus that treatment with PIs benefits patients carrying these cytogenetic abnormalities.1

This has been demonstrated for ixazomib- vs placebo-based therapy in a number of phase 3 studies: 

– In TOURMALINE-MM1, relapsed, refractory, or relapsed and refractory multiple myeloma (RRMM) 

patients with high-risk cytogenetic abnormalities treated with the oral PI ixazomib plus lenalidomide-

dexamethasone (Rd) had similar progression-free survival (PFS) to those with standard-risk 

cytogenetics,4 suggesting that addition of ixazomib to Rd may have abrogated the increased risk 

conferred by cytogenetic abnormalities4

▪ Additionally, patients with high-risk and expanded high-risk cytogenetics treated with ixazomib-

lenalidomide-dexamethasone (IRd) demonstrated a treatment benefit (overall survival [OS] hazard 

ratio [HR] <1) in the final OS analysis of TOURMALINE-MM15

– Similarly, TOURMALINE-MM2 showed that newly diagnosed multiple myeloma (NDMM) patients with 

expanded high-risk cytogenetics treated with IRd had improved PFS compared with placebo-Rd6

– In the maintenance setting, TOURMALINE-MM3 patients with high-risk cytogenetics who received 

ixazomib maintenance following autologous stem cell transplant (ASCT) had improved PFS vs placebo7

and in TOURMALINE-MM4 transplant-ineligible patients with expanded high-risk cytogenetics who 

received ixazomib given as post-induction maintenance demonstrated PFS benefit vs placebo8

• To assess PFS benefit in patients receiving ixazomib- vs placebo-based therapy according to specific 

adverse cytogenetic abnormalities via a pooled analysis of four TOURMALINE studies (MM1, MM2, MM3, 

and MM4) 

Aim of the current analysis

Studies included in the pooled analysis

• Full methods for TOURMALINE-MM1, MM2, MM3 and MM4 have been published previously4,6–8 

– All four studies were randomized, placebo-controlled phase 3 trials (Figure 2)

Methods

Figure 2: The four phase 3 TOURMALINE studies included in the pooled analysis

TOURMALINE-MM37

N=656 patients; single-agent

maintenance following ASCT

Randomized 3:2 to ixazomib or placebo

TOURMALINE-MM48

N=706 patients; post-induction

single-agent maintenance in

transplant-ineligible patients

Randomized 3:2 to ixazomib or placebo

TOURMALINE-MM14

N=722 patients with RRMM

Randomized 1:1 to IRd or placebo-Rd

TOURMALINE-MM26

N=705 patients with NDMM

Randomized 1:1 to IRd or placebo-Rd Key take away
Ixazomib-based therapy produced improvements in PFS compared with placebo-based therapy in patients with MM regardless of the 

presence of adverse cytogenetic abnormalities

Cytogenetic subgroup* Events/patients, n Median PFS, months HR (95% CI) p value†

High risk

Ixazomib-based

Placebo-based

150/270

156/227

17.8

13.2

0.74 (0.59–0.93) 0.0086

Standard risk (complement of high risk)

Ixazomib-based

Placebo-based

428/957‡

450/792

26.3

17.6

0.70 (0.62–0.80) 0.0001

Expanded high risk

Ixazomib-based

Placebo-based

316/555

321/479

18.1

14.1

0.75 (0.64–0.87) 0.0002

Standard risk (complement of expanded high risk)

Ixazomib-based

Placebo-based

228/587‡

246/476

36.1

21.4

0.71 (0.59–0.85) 0.0002

Del(17p)

Ixazomib-based

Placebo-based

85/141

77/107

15.7

13.2

0.80 (0.59–1.09) 0.1651

t(4:14)

Ixazomib-based

Placebo-based

63/124

68/102

22.4

13.2

0.68 (0.48–0.96) 0.0268

Amp1q21

Ixazomib-based

Placebo-based

211/380

201/312

18.8

14.5

0.77 (0.63–0.93) 0.0071

*Data for t(14;16) are not shown due to small patient numbers; †Descriptive p values; analyses not powered for statistical testing; ‡1 patient was not included in the analysis. CI, confidence interval

Patients

• A total of 2247 patients in the pooled analysis population were evaluable for the presence/absence of 

del(17p), t(4;14), and t(14;16) cytogenetic abnormalities, of whom 497 (22%) were classified as high risk and 

1750 (78%) were standard risk (Table 1)

• Expanded cytogenetic risk (high-risk cytogenetic abnormalities plus amp1q21) was evaluable in a total of 

2098 patients, 49% (ixazomib) and 50% (placebo) of whom had at least one cytogenetic abnormality and 

were classified as expanded high risk (Table 1)

Results

Table 1: Cytogenetic risk subgroups by study and treatment group

Evaluable for del(17p), t(4;14) and t(14;16)

cytogenetic abnormalities

N=2247

Evaluable for del(17p), t(4;14), t(14;16),

and amp1q21 cytogenetic abnormalities

N=2098

Patients, 

n (%)

Ixazomib-based

(n=1228)

Placebo-based

(n=1019)

Ixazomib-based

(n=1143)

Placebo-based

(n=955)

High 

risk

Standard 

risk*

High 

risk

Standard 

risk*

Expanded 

high risk

Standard 

risk*

Expanded 

high risk

Standard 

risk*

MM1 75 200 62 216 155 122 154 126

MM2 60 231 63 234 134 164 146 153

MM3 61 252 54 152 116 154 88 89

MM4 74 275 48 190 150 148 91 108

Total 270 (22) 958 (78) 227 (22) 792 (78) 555 (49) 588 (51) 479 (50) 476 (50)

*Standard risk complement of (expanded) high risk (i.e. patients without any of the specified abnormalities). 

• This pooled analysis demonstrated a PFS benefit with ixazomib- vs placebo-based therapy regardless of the 

presence of specific adverse cytogenetic abnormalities 

– The magnitude of benefit in patients with (expanded) high-risk cytogenetic abnormalities was similar to the 

respective complementary standard-risk subgroups

• The greatest magnitudes of benefit (lowest HRs) with ixazomib- vs placebo-based therapy were in patients 

with t(4;14) (HR 0.68) and amp1q21 (HR 0.77)

• Ixazomib combined with Rd or as single-agent maintenance therapy did not abrogate the negative impact of 

high-risk cytogenetic abnormalities

– The differences in eligibility criteria and patient populations among the studies may have contributed to 

difficulties in interpreting the data

• Ixazomib-based therapy may be a viable treatment option for patients with MM who have expanded high-risk 

cytogenetic abnormalities 

Conclusions

Figure 5: PFS for patients with t(4;14) 

cytogenetic abnormality receiving 

ixazomib- vs placebo-based therapy

Figure 6: PFS for patients with amp1q21 

cytogenetic abnormality receiving 

ixazomib- vs placebo-based therapy

PFS sensitivity analysis

• The sensitivity analysis of PFS stratified by study shown in Figure 7 supports the PFS benefit with 

ixazomib- vs placebo-based therapy demonstrated in the main analysis

PFS analysis by cytogenetic risk subgroups 

• Median follow-up in the pooled analysis was 25.6 months (12.7, 54.6, 29.7, and 21.3 months, in MM1, MM2, 

MM3, and MM4, respectively)

• The HRs for PFS with ixazomib- vs placebo-based therapy for patients in high-risk and expanded high-risk 

subgroups were 0.74 and 0.75, respectively (Figure 1, Summary Panel, and Figures 3 and 4)

• Similarly, HRs in the complementary standard-risk subgroups (0.70 and 0.71) also indicated PFS benefit with 

ixazomib- vs placebo-based therapy (Figure 1, Summary Panel)

Figure 7: PFS with ixazomib- vs placebo-based therapy regardless of cytogenetic risk stratified 

by study

Figure 3: PFS for patients with high-risk 

cytogenetic abnormalities receiving 

ixazomib- vs placebo-based therapy

Figure 4: PFS for patients with expanded 

high-risk cytogenetic abnormalities receiving 

ixazomib- vs placebo-based therapy
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Log-rank p-value: 0.0002

HR (95% CI): 0.75 (0.64–0.87)

Median: Ixazomib-based: 18.1, Placebo-based: 14.1

Events: Ixazomib-based: 316, Placebo-based: 321

Placebo-based
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Patients at risk, n

479 353 255 152 86 57 45 35 25 018 15 9 9 7 2

555 414 318 223 146 97 63 45 32 026 24 20 10 14

Patients alive or had not progressed at the data cut-off were censored the day of last contact.

*p value is <0.0001. **Pooled HR adjusted by study. ***Pooled weighted HR. †1 patient was not included in the analysis.
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• A sensitivity analysis stratified by study was also conducted by aggregating stratified HR from individual 

studies (weighted method to calculate overall HR)

– The pooled adjusted HR was derived from adjusting the determination of the overall HR applying the 

studies as covariate

– The pooled weighted HR utilizes the derived weights for each study, aggregated over the studies to obtain 

the pooled HR

PFS analysis by individual cytogenetic abnormalities

• Analyses of PFS according to the presence of individual cytogenetic abnormalities indicated differing 

magnitudes of PFS benefit

– Notably, in patients with t(4,14) and amp1q21, the HRs for PFS with ixazomib- vs placebo-based therapy 

were 0.68 and 0.77, respectively (Figure 1, Summary Panel, and Figures 5 and 6)

– For patients with del(17p), the HR for PFS with ixazomib- vs placebo-based therapy was 0.80 

(Figure 1, Summary Panel)

– Analysis in patients with t(14,16) was based on only 11 events in 16 patients on ixazomib-based therapy 

and 14 events in 23 patients on placebo-based therapy (median PFS 11.4 and 15.9 months, respectively; 

HR 1.21 [95% CI: 0.55–2.69])
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Figure 1: PFS by cytogenetic subgroup for patients receiving ixazomib- vs placebo-based therapy
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