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Abstract

This study examines the impact of cytogenetic abnormalities and their co-segregation on the prognosis of newly diagnosed multiple
myeloma patients. The analysis included 1304 patients from four different GEM-PETHEMA clinical trials. Genetic alterations, such as
t(4;14), t(14;16), del(17p), +1q, and del(1p), were investigated using FISH on CD38 purified plasma cells. The frequency of genetic
alterations detected were as follows: del(17p) in 8%, t(4;14) in 12%, t(14;16) in 3%, +1q in 43%, and del(1p) in 8%. The median follow-up
was 61 months, and the median progression-free survival (PFS) and overall survival (OS) were 44 months and not reached, respectively.
Consistent with previous reports, the presence of t(4;14) was associated with shorter PFS and OS. In our series, the presence of t(14;16)
did not impact survival, maybe due to limitations in sample size. Del(17p) was linked to poor prognosis using a cut-off level of 220%
positive cells, without any impact of higher cut-off in prognosis, except for patients with clonal fraction 280% who had a dismal outcome.
Cosegregation of cytogenetic abnormalities patients worsened the prognosis in t(4;14) patients but not in patients with del(17p), which
retained its adverse prognosis even as a solitary abnormality. Gain(1q) was associated with significantly shorter PFS and OS, while del(1p)
affected PFS but not OS. Nevertheless, when co-segregation was eliminated, the detrimental effect of +1q or del(1p) was no longer
observed. In conclusion, this study confirms the prognostic significance of high-risk cytogenetic abnormalities in MM and highlights the
importance of considering co-occurrence for accurate prognosis assessment.
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High-risk cytogenetic abnormalities

INTRODUCTION

Multiple myeloma (MM) is a genetically complex neoplasm because of
the multiple chromosomal and genetic lesions present in the clonal
plasma cells.! Some of these abnormalities have been consistently
associated with poor prognosis, which has led to the definition of
high-risk cytogenetic alterations encompassing t(4;14), t(14;16), de-
letion of 17p13 [del(17p)] and, more recently, chromosome 1 ab-
normalities.! Prognosis has dramatically changed in the last decades
due to the advent of new treatment strategies that included pro-
teasome inhibitors, immunomodulatory agents, and monoclonal
antibodies.?* Still, patients harboring high-risk features continue to
do poorly, and, so far, no treatment or combination has been able to
completely abrogate the poor prognosis of high-risk cytogenetic ab-
normalities, and they continue to be one of the more relevant base-
line prognostic features.* The diagnostic approach for MM genetic
alterations in the clinical setting is based on fluorescence in situ hy-
bridization (FISH) in separated plasma cells because it is the most
standardized, time and cost-optimized approach to obtain a reliable
result and to individualize risk assessment.>® Indeed, high-risk cyto-
genetic abnormalities have been incorporated into the revised inter-
national scoring system (R-ISS) recommended by the International
Myeloma Working Group (IMWG).®” Whether each high-risk altera-
tion can condition an unfavorable prognosis on its own or whether,
on the contrary, some of them need the cooperation of other al-
terations to negatively impact patient survival is not fully elucidated.
In this regard, it has been shown that the poor prognosis associated
with chromosome 13 monosomy was caused by its close association
with other high-risk alterations, such as t(4:14).” Additionally, other
studies have demonstrated that the co-segregation of more than one
of the high-risk lesions significantly impairs the prognosis.>®?

In this study, we aimed to analyze the prognostic impact
of cytogenetic abnormalities detected by FISH in a large series of
newly diagnosed MM patients included in four clinical trials
conducted by the Spanish myeloma group, with particular interest
in assessing the role of additional chromosomal changes in the
patient outcome.

METHODS

Patients from four large prospective Spanish trials who had been
studied for the presence of high-risk cytogenetic abnormalities were
included in this study. Two of the trials evaluated the frontline
treatment in newly diagnosed transplant-eligible (NDTE) (GEMO5-
MENOS65 and GEM2012)'°712 and the other two were conducted
in newly diagnosed nontransplant eligible MM patients (GEMOS5-
MAS65 and GEM2010 trials).*>*

The institutional review board or independent ethics committee
at each participating center approved the study. In accordance with
the Declaration of Helsinki, all patients provided written informed
consent before screening.

FISH studies

FISH studies included the detection of t(4;14), t(14;16), del(17p), 1q gain
[gain(1q)], and 1p loss [del(1p)]. All analyses were carried out in CD138-
selected bone marrow plasma cells as described previously.”*> According
to the recommendations made by the European Myeloma Network
(EMN) FISH workshop,” the cut-off level for considering a positive result
was set at 10% for IGH translocations (fusion/break-apart probes), and
20% for del(17p), gain(1q) and del(1p). Additionally, for patients with gain
(1q), 1g amplification [amp(1q)] was defined as four or more copies of 1q.

Statistical analyses

To explore differences between comparison groups, chi-square,
student t, and Mann-Whitney U tests were used, as appropriate.
p < 0.05 was considered statistically significant.

Progression-free survival (PFS) was measured as the time from
the date of diagnosis to disease progression or death, regardless of
cause, and overall survival (OS) as the time from diagnosis to death
from any cause. If progression or death did not occur at the last
follow-up date, they were censored for PFS or OS. Kaplan-Meier
method was used to estimate time-to-event, and significance was
determined with a two-sided long-rank test.

The prognostic impact of the high-risk cytogenetic abnormalities
was analyzed by comparing the outcomes in terms of complete
response (CR) rate, PFS, and OS of patients between high-risk versus
standard-risk cytogenetic abnormalities. Disease response was assessed
according to the IMWG Response criteria 2014.32 Cox proportional
hazards regression model was used to estimate hazard ratio (HR) and
95% confidence interval (Cl). All statistical analyses were performed by
using IBM© SPSS© Version 24.0 software and STATA v15.0.

RESULTS
Patient characteristics

A total of 1304 patients were enrolled in the Spanish Myeloma Trials,
namely GEMO5MAS65, GEMO5MENQOS65, GEM2010, and GEM2012
(Supporting information S1: Table S1). Baseline characteristics are lis-
ted in Table 1.

Although most of the patients were simultaneously evaluated for
the presence of the five aforementioned cytogenetic abnormalities by
FISH, it was not possible to study all of them in all patients, due to the
lack of samples. In particular, del(17p) was studied in 1157 out of
1304 patients (89%); t(4;14) in 1165 (89%); t(14;16) in 1150 (88%);
gain(1q) in 906 (69%) and del(1p) in 902 (69%) (Table 2). In the early
trials, the investigation of chromosome 1 abnormalities was not
mandatory, which explains the lower number of cases analyzed.

As expected, the most frequent cytogenetic abnormalities were
those affecting chromosome 1, present in half of these newly diag-
nosed MM patients. Gain(1q) was observed in 43% of patients, while
del(1p) in 8% of the cases. t(4;14) was the most frequent IGH trans-
location, observed in 12%. Finally, del(17p) was detected in 8% of
patients (Table 2). The distribution of genetic abnormalities according
to the clinical trial is also shown in Table 2. No differences in the CR
rate after induction were observed between patients with or without
cytogenetic abnormalities (Supporting information S1: Table S2).
Besides, we analyzed the impact of cytogenetic abnormalities in the
outcome of transplant-eligible and nontransplant-eligible patients,
and no differences were observed for del(17p) and gain(1q), only we
did see a difference in the impact of t(4;14) in the two groups with an
HR of 1.73 (95% confidence interval [Cl]: 1.17-2.57; p 0.006) with a
median PFS in younger patients of 41.4 versus 23.7 m in patients
older than 65 years old. This comparison was not analyzed for the
t(14;16) and del(1p) due to sample size limitations. In addition,
we analyzed the distribution of the different hits among the two age
groups and found no differences in the univariate analysis (p 0.09).

The median follow-up was 60.9 months (interquartile range [IQR]:
51.1-74.3 months) for the whole population. Overall, 816 (62.6%) pro-
gressed or died at the last follow-up, and the estimated median PFS was
43.8 months (95% Cl: 40.2-47.4 months). So far, 483 (37%) patients have
died, and the median OS was not yet reached during this follow-up, with a
3-year OS probability of 77.6% and a 5-year OS of 63.4%.
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TABLE 1 Basal characteristics of 1304 MM patients included in the
Spanish Myeloma upfront trials (GEMO5MAS65, GEMO5MENQS65,
GEM2010, and GEM2012).

Basal characteristics No. (%)
Gender

Male 684 (52.5)

Female 620 (47.6)
Age at diagnosis

>75 years 194 (14.9)

<75 years 1109 (85.1)
Type of MM

Ig G, IG Aorlg D MM 1118 (85.7)

Light chain MM 175 (13.4)
Light chain subtype

Kappa 805 (61.7)

Lambda 488 (37.4)
Serum M-protein

<lg/dL 224 (17.2)

21g/dL 1065 (81.7)
Serum M-protein

>3 g/dL 706 (54.14)

<3g/dL 576 (44.17)
BM PC by morphology

260% 270 (20.71)

10%-59% 960 (73.62)
Hypercalcemia (>11 g/dL) 112 (8.59)
Creatinine

21.5g/dL 133 (10.2)

<1.5g/dL 1165 (89.3)
Hemoglobin

<10g/dL 486 (37.3)

>10g/dL 813 (62.4)
ISS stage

| 432 (33.5)

Il 545 (42.3)

1] 312 (24.2)
High LDH 193 (14.8)
High-risk cytogenetic abnormalities 234 (17.9)

Abbreviations: BM PC, bone marrow plasma cells; ISS, International Staging System;
LDH, lactate dehydrogenase; MM, multiple myeloma; No., number of patients;
NS, not statistically significant; yrs, years old.

t(4;14)

This translocation was found in 142 (12.2%) patients (Table 2). This group
was characterized by more frequent anemia at presentation (47% vs. 36%,
p 0.01), higher amount of M-protein (>3 g/dL in 67% vs. 54.7% of pa-
tients, respectively, p 0.006), and a lower proportion of light chain MM as
compared to those without t(4;14) (7.7% vs. 13.9%, p 0.04) (Supporting
information S1: Table S3).

With regards to outcome, patients with t(4;14) had shorter PFS
(median PFS 27.7 vs. 45.3 months, HR: 1.5 [95% Cl: 1.2-1.8], p < 0.001).

Furthermore, t(4;14) was associated with twice the risk of death (HR: 2.0
[95% ClI: 1.5-2.5]; p < 0.001), and, consequently, the 3-year OS probability
was significantly worse for patients with t(4;14) than for those without it
(61.0% vs. 80.2%, respectively) (Supporting information S1: Table S3).
This cytogenetic abnormality was presented more frequently in
association with other genetic alterations or hits (del(17p), gain(1q), or
(1p-) than alone (66.0% vs. 44.0%). Among 106 patients with t(4;14)
studied for all abnormalities, co-occurrence with another hit was
observed in 56.6% of cases, with 2 hits in 9.4% and with 3 hits in one
patient (Table 3). The coexistence of t(4;14) with other high-risk
abnormalities had a negative impact on outcome. Thus, in the group t
(4;14) with one or more additional hits, PFS was significantly shorter
than in those with t(4;14) alone (median PFS 23.8 vs. 63.3 months HR:
2.8 (1.6-5.1); p < 0.001), and OS as well with a median of 38.5 vs. 80.7
months, respectively, HR: 3.2 (1.5-7.0); p = 0.003. (Figure 1A-D).

t(14;16)

In our series, only 31 (2.7%) patients harbored t(14;16) at the moment of
diagnosis (Table 2). This translocation was associated with 1SS 3 (43% vs.
24%, p 0.05) (Supporting information S1: Table S4). In fact, higher mean 8
,-microglobulin values were found in the group with t(14;16) than in the
group without it (6.2 vs. 4.5 mg/L, respectively, p = 0.005).

The presence of t(4;16) was not associated with statistically
significant differences in terms of PFS or OS (Table 4). Interestingly,
8 patients with t(14;16) co-harbored del(17p) (25.8%) and displayed
a very short OS (18.1 months vs. NR for patients without del(17p);
HR: 3.0 [95% CI: 1.01-8.73]; p = 0.05).

del(17p)

There were 89 (7.7%) MM patients harboring del(17p) (Table 2). This
abnormality was slightly more frequent in light chain MM than in IgG, IgA,
or IgD MM (22 vs. 13%, respectively, p = 0.01) as well as in patients with
oligosecretory disease (26 vs. 16%, p=0.02). Interestingly, other char-
acteristics of poor prognosis were also more frequent in the del(17p)
group. In fact, one-third of these patients had high LDH at the moment of
diagnosis (30.3% vs. 13.7%, p < 0.001), advanced clinical stage (ISS )
(33.7% vs. 23.8%, p 0.03), or high bone marrow infiltration (260% BMPC)
(30.5% vs. 20.8%, p 0.04) (Supporting information S1: Table S5).

To evaluate the impact on survival of the clonal fraction, different
cut-off points were analyzed based on the percentage of cells harboring
del(17p). In our cohort, there were no differences in the outcome among
the different subgroups analyzed (220% up to 270%) (Supporting in-
formation S1: Table S6). The median PFS estimated in those with >80%
cells with del(17p) was just over a year, although this group of 22 patients
was especially enriched in other high-risk cytogenetic abnormalities, 17
out of 22 (77%) had another hit (8 patients with gain(1q), 6 with 1p-, 2
with (4;14) and 1 with t(14;16)).

Among 73 patients with del(17p) who had been studied for
coexistence with other genetic abnormalities (translocations IGH
[(t4;14) and t(14;16)], gain(1q) or del(1p)), co-occurrence of another
hit was observed in 26 (35.6%) patients and with 2 hits or more in
15 (20.5%). In the remaining 43.8% of cases, del(17p) occurred alone.
No statistically significant differences were found in PFS or OS when
patients with del(17p) alone were compared with those with
co-occurrence of one or more hits, including del(17p) (Figure 2A-D).

Gain(1q)

Gain(1q) was analyzed in 906 out of the total of 1304 patients. A total
of 358 out of 906 patients tested (39.5%) were positive for this
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TABLE 2 Frequency of cytogenetic abnormalities and distribution across newly diagnosed MM patients included in the Spanish Myeloma upfront
(GEMO5MAS65, GEMOSMENOS65, GEM2010, and GEM2012).

Spanish myeloma trials del(17p) t(4;14) t(14;16) gain(1q) del(1p)
All
Patients with genetic alteration, n (%) 89 (7.7) 142 (12.2) 31(2.7) 358 (39.5) 47 (5.2)
Total of patients included, n 1304 1304 1304 1304 1304
Pts analyzed, n 1157 1165 1150 906 902
Missing data, n 147 139 154 398 402

GEMO5MAS65

Patients with genetic alteration, n (%) 24 (10.4) 20 (8.7) 3(1.3) 59 (38.1) 7 (4.5)
Total of patients included, n 257 257 257 257 257
Pts analyzed, n 230 231 229 155 154
Missing data, n 27 26 28 102 103
GEM2010™*
Patients with genetic alteration, n (%) 10 (5.0) 23 (11.5) 2(1.0) 70 (46.4) 5(3.3)
Total of patients included, n 236 236 236 236 236
Pts analyzed, n 200 200 194 151 150
Missing data, n 36 36 42 85 86
GEMO5MENOS652
Patients with genetic alteration, n (%) 20 (6.1) 42 (12.6) 9(2.7) 74 (33.9) 7 (3.2)
Total of patients included, n 354 354 354 354 354
Pts analyzed, n 328 333 332 218 218
Missing data, n 26 21 22 136 136
GEM2012"2
Patients with genetic alteration, n (%) 35 (8.8) 57 (14.2) 17 (4.3) 155 (40.5) 28 (7.4)
Total of patients included, n 457 457 457 457 457
Pts analyzed, n 399 401 395 382 380
Missing data, n 58 56 62 75 77

Abbreviations: *1, trials for nontransplant eligible patients; *2, trials for transplant-eligible patients; n, number of patients; Pts, patients.

TABLE 3  Summary of genetic abnormalities, including description of

abnormality (Table 2). In 346 positive patients, the 1g gains were
additional genetic hits in the 898 patients studied for all abnormalities.

differentiated from the amplifications so that gain(1q) was present in

Genetic Co-segregation +1 hit 2 or more 217 patients (62.7% of positive cases), and amp(1q) (4 or more copies)
abnormality (n, %) (n, %) hits (n, %) Partner (n) was detected in 129 patients (37.2%). The presence of gain(1q) was
del(17p) 41 (56.1) 26 (35.6)  15(20.5) t(4;14): 14 evenly distributed between the 4 studies (Table 2). Patients with gain
n=73 t(14;16): 8 (1g) were more frequently associated with ISS 2 or 3, anemia, and
i:?l(i;);zs t(4;14) or t(14;16) as compared to patients without gain(1q).
Patients harboring gain(1q) showed a shorter PFS as compared to
t(4;14) 70 (66.0) 60 (56.6)  10(9.4) del(17p): 12 patients without gain(1q) (36.5 vs. 53.2 months, HR 1.40 [95% ClI:
n=106 t(aliiéé;f w6 1.2-1.7], p=0.0001) as well as decreased OS (80.6 vs. NR; HR 1.5
Gollio) 2 [95% Cl: 1.2-1.9], p =0.0002) (Table 4 and Figure 3A,B).
H14:16) 20 714) 14 (500) 6 214) del(L7p): & Gain(1qg) was also associated with other high-risk cytogenetic
e 2’8 ’ ' ’ H4:14) ) abnormalities. Thus, 28 patients had also del(17p), 61 patients t(4;14),
gain(1q): 17 17 patients t(14;16), and 24 patients del(1p). Thereby, when we
del(1p): 3 analyzed patients harboring gain(1g) as an isolated cytogenetic
gain(1q) 111 (31.1) 95(267) 16 (4.5) del(17p): 28 aberration (excluding patients with co-segregation of other high-risk
n=356 t(4;14): 61 cytogenetic abnormalities), no negative impact in PFS was found, and
t(14;16): 17 median PFS was comparable between patients with gain(1q) as single
del(1p): 24 alteration and those without gain(1q) (median PFS 44.3 vs. 53.2
del(1p) 32 (68.1) 28 (59.6) 4(8.5) del(17p): 9 months; HR: 1.17 [95% Cl: 0.96-1.43], p = 0.110). Similar results were
n=47 t(4;14): 5 found for OS (median OS 83.2 months vs. not reached; HR: 1.2 [95%
t(1_4;16): 3 Cl: 0.92-1.56], p=0.173), suggesting that co-segregation of other
gain(1q): 24

cytogenetic abnormalities is critical in the prognosis of gain(1q). Thus,
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FIGURE 1

Survival curves by status of t(4;14). (A) Progression-free survival (PFS) by overall presence or absence of t(4;14). (B) PFS in patients with t(4;14)

alone or with other hits. (C) Overall survival by t(4;14). (D) Overall survival in patients with t(4;14) alone or with other hits. mPFS, median progression-free survival;

mOS, median overall survival; OS, overall survival.

patients with gain(1qg) harboring other cytogenetic abnormalities
showed an inferior PFS (23.8 vs. 44.3 months, HR: 0.57 [95% CI:
0.44-0.74]; p=0.0001) and OS (49.3 vs 83.3 months, HR: 0.49 [95%
Cl: 0.36-0.69]; p = 0.0001), as compared to patients with gain(1q) alone
(Figure 3C,D). We also analyzed the impact of different cut-off values
for gain(1q); however, no differences in PFS were found between the
cut-offs analyzed.

Amp(1g) was also associated with other high-risk genetic
abnormalities. Among 129 patients with amp(1q) in this cohort, 32
and 9 patients presented 1 and 2 additional genetic hits, respectively.
Patients with amp(1q) only had a longer PFS (median PFS 46.0m
[95% Cl: 35.7-60.5]) compared to patients with 1 additional hit (median
PFS 21.9m [95% Cl: 9.2-44.2 m]) or two additional hits (median PFS
15.4m [7.9-NE]); HR: 1.62 (95% Cl: 1.15-2.25); p 0.0081. The median
PFS for patients with amp(1q) only was similar to that of patients
without amp(1q) (median PFS 46 m [95% Cl: 35.7-60.5] vs. 44.1m
[95% Cl: 39.9-47.8 m)). Likewise, the median OS for patients with amp
(1q) alone was longer (median NE, [95% Cl: 65.1-NE] as compared to
two patients with 1 (median NE [95% Cl: 18.6-NE]) or 2 additional hits,
respectively (median 22.4 m [95% CI: 15.9-NR].

In our series, we were not able to find significant differences in
outcome between 1q gains and amplifications (median PFS gain(1q)

33.3 vs. 38.2 months for amp(1q); HR: 0.86 [95% Cl: 0.66-1.12];
p=0.25).

del(1p)

Among all included patients, deletions of 1p (del(1p)) were found in
47 patients out of the 902 analyzed (5.2%) (Table 2). A negative impact
in PFS was observed with a median PFS in patients with del(1p)
of 41.1 m as compared to 48 m for patients without del(1p) (HR: 0.7
[95% Cl: (0.48-0.97)]; p = 0.04). However, OS was not affected by the
presence of del(1p) abnormality (Table 4 and Figure 4A). Co-segregation
with other cytogenetic abnormalities was less common except for gain
(1q), which was present in 24 out of the 47 patients (51%) with del(1p).
Other abnormalities observed were t(4;14) in five patients, t(14;16) in
three patients, and del(17p) in nine patients. Interestingly, upon analyzing
patients with del(1p) as the unique cytogenetic abnormality, the negative
impact of del(1p) in PFS was abrogated (HR: 1.3, [95% CI: 0.84-1.97],
p 0.24). Finally, upon analyzing the role of co-segregation in patients
with del(1p), median PFS was numerically shorter in patients with del(1p)
plus other hits, although differences were not statistically different
(Figure 4B,D).
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TABLE 4 Outcomes of newly diagnosed MM patients included in the Spanish Myeloma trials (GEMO5MAS65, GEMO5MENOS65, GEM2010, GEM2012) by

cytogenetic abnormalities.

Frec, % (No. of Median 3-yr Median 3-yr
patients studied) PFS (m) PFS (%) HR (95% Cl) p-value OS (m) OS (%) HR (95% Cl) p-value
t(4;14) 12.2 (1165) 27.7 443 1.5(1.2-1.8) <0.001 49.3 61.0 2.0(1.5-2.5) <0.001
Non t(4;14) 453 56.7 NR 80.2
t(14;16) 2.7 (1150) 27.5 45.2 1.2 (0.8-1.9) NS NR 58.1 1.4 (0.8-2.4) NS
Non t(14;16) 43.6 553 NR 784
del17p 7.7 (1157) 23.9 29.5 1.9 (1.5-2.4) <0.001 36.9 50.9 2.5(1.9-3.3) <0.001
Non del17p 46.0 57.5 NR 80.4
Gain (1q) 40.1 (906) 36.5 50.1 1.4 (1.2-1.7) <0.001 80.6 73.9 1.5 (1.2-1.9) <0.001
Non gain (1q) 53.2 62.2 NR 83.4
del(1p) 5.2 (902) 41.1 51.0 0.7 (0.5-0.97) 0.04 NR 80.6 0.7 (0.4-1.1) NS
Non del(1p) 48 57.0 NR 67.6

Abbreviations: Cl, confidence interval; frec, frequency; HR, hazard ratio;
significant; OS, overall survival; PFS, progression-free survival; yr, years.

MM, multiple myeloma; mo, months; No., number of patients; NR, not reached; NS, not statistically
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FIGURE 2 Survival curves by status of del(17p). (A) Progression-free survival (PFS) by overall presence or absence of del(17p). (B) PFS in patients with del(17p) as
a single cytogenetic abnormality. (C) Overall survival (OS) by del(17p). (D) OS in patients with del(17p) as a single cytogenetic abnormality. NS, nonsignificant.

Impact of high-risk genetic abnormalities on R-ISS and

R2-I1SS

As expected, patients with R-ISS lll had a significantly shorter median
PFS as compared to patients with R-ISS Il or | (26.2 vs. 40.1 vs. 63.4

months, respectively, p < 0.01), and the HR for PFS was 2.6 and 1.6,

using R-ISS | as the reference group. Furthermore, the R-ISS model
discriminated three groups with significantly different OS, with a

median of 39.2 versus 82.8 versus NR for R-ISS lll, Il, and |, respectively,
and HR of 2.1 and 4.5 for R-ISS Il and I, respectively (Figure 5A,C).
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FIGURE 3

Survival curves by status of gain(1q). (A) Progression-free survival by overall presence or absence of gain(1q). (B) Progression-free survival in

patients with gain(1q) as a single cytogenetic abnormality. (C) Overall survival by gain(1q). (D) Overall survival in patients with gain(1q) as a single cytogenetic

abnormality.

In order to investigate the impact of HR cytogenetic abnormal-
ities on the survival of the R-ISS Il group, we re-classified R-ISS I
into two subgroups according to the absence or presence of HR
cytogenetic abnormalities (lla and llb, respectively), comparing them
with either R-ISS | or Ill, and subsequently, defining four groups.
Interestingly, statistically significant differences in terms of PFS and
OS were found among these groups. After applying this new model,
51% of patients were classified as R-ISS lla with a median PFS of 42.7
months, (HR: 1.5), and a median OS: NR, (HR: 1.9); whereas
12% were classified as R-ISS IIb with a median PFS of 33.1 months,
(HR: 1.7) and a median OS of 77 months (HR: 2.6); the rest of patients
remained in their corresponding R-ISS | or Il groups, with the
previously mentioned outcomes (Figure 5B,D).

Besides, R2-ISS that incorporates gain(1qg) could be applied
in 889 patients. R2-ISS | patients were 166 (18.7%), R2-ISS Il
271 (30.5%), R2-ISS 111 384 (43.2%), and R2-ISS IV 68 (7.6%). Median
PFS was 69.5 (95% Cl, 58.5 to 80.4) versus 54.1 (95% Cl: 47.5-60.6)
versus 41.3 (95% Cl: 35.2-47.4) versus 15.7 (95% Cl: 9.0-22.3)
months, respectively.

Median OS was NR in R2-1SS | and Il (95% CIl: NR-NR) versus
88.2 (95% Cl: NR-NR) versus 29.8 (95% Cl: 19.1-40.6) in the R2-ISS
Il and IV groups, respectively. The differences among the R2-1SS
groups were statistically significant (Supporting information S2:
Figures S1A and S1B).

DISCUSSION

In this study, we analyzed the impact of different cytogenetic
abnormalities in a large series of 1304 newly diagnosed MM patients
who were enrolled in upfront trials conducted by the Spanish myeloma
group. As previously described, the presence of high-risk cytogenetic
abnormalities (del(17p), t(4;14), and t(14;16)) is associated with inferior
outcomes in terms of survival despite not having a negative impact in
the response to frontline therapy.*>

Regarding t(4;14), in our series, this cytogenetic abnormality was
detected in 12.2% of the patients and was associated with a negative
impact in both PFS and OS. Interestingly, although patients harboring
t(4;14) are usually considered as high risk, in our experience,
this translocation was frequently associated with other genetic
abnormalities (71% of the cases), and therefore, it is very difficult to
evaluate the independent contribution of t(4;14). In this regard, the
impact of t(4;14) in prognosis has been largely discuss by several
groups highlighting the heterogeneity in the prognostic impact of this
genetic abnormality.”*¢=8 Thus, the French group has analyzed the
prognosis of t(4;14) and has shown that only patients with t(4;14 plus
del(1p32) or t(4;14) in the absence of trisomy 3 or 5 or presence of
trisomy 21 had an inferior PFS.2719721 |n addition, the breakpoint
location on chromosome 4 may also play a role in modifying the
prognosis impact of t(4;14).22 Unfortunately, this interesting recent
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FIGURE 4

Survival curves by status of del(1p). (A) Progression-free survival by overall presence or absence of del(1p). (B) Progression-free survival in patients

with del(1p) as a single cytogenetic abnormality. (C) Overall survival by del(1p). (D) Overall survival in patients with del(1p) as a single cytogenetic abnormality.

finding cannot be identified by a straightforward method, such as the
FISH technique.

As in other studies, t(14;16) was a very uncommon abnormality,
and the associated adverse prognosis could not be proven, likely due
to the small number of cases that carried this abnormality in this
study, resulting in a rather small sample size.?>2* However, as stated
in the R-ISS model by IMWG, t(14;16) was confirmed to be a
high-risk cytogenetic abnormality in a retrospective study with the
largest number of patients harboring this abnormality.?> As in this
last study, we found that t(14;16) is more frequent in women than
in men.

Consistent with previous reports, we demonstrate that the pre-
sence of del(17p) is associated with a shorter PFS and OS. The impact
of clonal fractions on survival has been evaluated in different
studies.?”?°"2? In our study, the optimal cut-off for del(17p) was
220%. We found no differences between 20% and 70% cut-off
points, in contrast with previous results reported by other groups that
suggest 50%-60% as the most discriminative cut-off values for
prognostication,26_28'3°’32 although, in any of those, a difference in
0OS was shown.3?%3 |nterestingly, when whole-exome sequencing
data were combined, it was shown that TP53 mutation was a ne-
cessary requirement to identify poor prognosis in patients with
CCF > 55%, and no significant differences were displayed between
groups with >55 and <55% if TP53 mutation is not present.?” Un-
fortunately, TP53 mutations were not tested in our studies.

As previously described, del(17p) was associated with other adverse
prognostic factors such as high bone marrow infiltration, high LDH, and
ISS 11128 This could reinforce the notion that MM with del(17p) has a
unique pathogenic program. Indeed, MM with del(17p) responds initially
well to treatment, but early relapses are the rule. According to our
results, unlike other cytogenetic abnormalities, in patients with del(17p),
the cosegregation with other hits does not have a significant impact on
the outcome. This may mean that del(17p) by itself is a clear determinant
of MM outcome. In fact, this group of patients should be considered as a
different MM subtype with a dismal prognosis, for which more targeted
clinical trials should be designed.

As it has been previously reported, gain(1q) is the most frequent
cytogenetic abnormality found in MM.32 In our study, patients with
gain(1q) had an inferior PFS and OS as compared to patients without
this genetic abnormality. We did not find any difference between gain
(1g) and amp(1q), but these findings may be limited by the sample
size. Nevertheless, the results in this regard are controversial. 34%°
Interestingly and consistent with other reports,®3” the negative
impact of gain(1qg) on PFS and OS was not observed upon analyzing
only those patients with gain(1q) as a unique cytogenetic abnormality,
suggesting that this is not an independent prognostic factor.

Similarly, the negative impact of del(1p) was also abrogated upon
analyzing patients with del(1p) as a unique abnormality. This finding is
in contrast with other reports,®” and our analysis may be limited by
the small number of patients with del(1p) in our series. In addition, we
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have not been able to evaluate the role of biallelic deletion that has
been shown to identify patients with ultra-high-risk disease with a
median OS of only 24 months.>®

Finally, we validated a simple modification on the R-ISS.
As everybody agrees, stage Il is a dark box that includes many patients
but with a heterogenous outcome.>”*° The simple recategorization of
group R-ISS Il into two subcategories according to the presence or
absence of cytogenetic abnormalities could help to better predict the
risk of these patients at presentation, and, accordingly, to individualize
treatment with the goal of achieving the deepest response in these
high-risk patients.

In summary, we validate the prognostic impact of high-risk
cytogenetic abnormalities at diagnosis in a large series of MM
patients. We have also demonstrated the importance of considering
the co-occurrence of high-risk alterations to accurately assess their
prognostic significance. Thus, while 17p deletion retains its adverse
prognosis even when present as a solitary abnormality, with
co-segregation having minimal impact on outcomes, the negative
prognosis of 1q gains were mitigated if this abnormality occurs as the
sole aberration.
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