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Abstract

We conducted a survey among 70 Italian centers treating multiple myeloma to record laboratory and clinicians’
perspectives about the application of fluorescence in situ hybridization (FISH), with a focus on 1q alterations.
In Italy, FISH was widely accessible and emerged as a crucial prognostic technique. Most centers performed
FISH at diagnosis in all patients. Our data confirmed the need for more standardized protocols and clearer
guidelines on the management of cytogenetic abnormalities in multiple myeloma within the Italian setting.
Background: Fluorescence in situ hybridization (FISH) is the standard technique for the prognostic detection of cytoge-
netic abnormalities (CA) in multiple myeloma (MM). In ltaly, the application of practical guidelines for FISH testing in
clinical studies and the degree of standardization of laboratory techniques are largely unknown. Methods: We conducted
a survey from April to July 2023 among 70 MM-treating centers associated with the European Myeloma Network
Italy and geographically well distributed across Italy. We aimed to record laboratory and clinicians’ perspectives about
FISH application in Italy, with a focus on 1q alterations. Results: FISH was widely accessible across the country, with
71% of centers performing it locally, while the remaining centers (predominantly those with <30 newly diagnosed MM
cases/year) sent samples to external laboratories. Variability in laboratory techniques, such as CD138™" cell purification
and CA detection thresholds, was observed among centers. The centers analyzed del(17p) (100%), t(4;14) (100%),
t(14;16) (98%), 19+ (96%, with 70% distinguishing between gain and amplification), t(11;14) (90%), del(1p32) (88%),
del(13q) (68%), and hyperdiploidy (52%). FISH emerged as a crucial prognostic technique, since 94% of centers used
the Revised International Staging System (R-ISS) at diagnosis, and 69% implemented the recent R2-1SS. Most centers
performed FISH at diagnosis in all patients, while others did not routinely perform FISH in some categories of patients
(e.g., aged >80 years). At relapse, 53% of centers routinely repeated FISH testing, 9% did not, while others repeated
it selectively. Conclusions: This overview of FISH use in Italy provides a basis for future standardization efforts.
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Introduction

Multiple myeloma (MM) is a clinically and biologically hetero-
geneous neoplasm with a complex plasma-cell genomic evolu-
tion.!' MM commonly evolves from the premalignant stages
monoclonal gammopathy of unknown significance (MGUS) and
smoldering multiple myeloma (SMM). Several genetic events
contribute to the transformation of normal plasma cells to myeloma
cells.”? The most frequent cytogenetic abnormalities (CA) with
prognostic value in MM include copy-number alterations such
as gain/amp(1q21), del(1p), del(17p), del(13), and translocations
involving the immunoglobulin heavy chain (IgH) locus on chromo-
some 14q32, such as t(11;14), t(4;14), t(14;16), and t(14;20).
The detection of CA has become integrated into routine clinical
practice in the diagnostic-therapeutic pathway for MM patients.”
However, cytogenetic analysis can be challenging. Conventional
metaphase karyotyping is not recommended due to the low prolif-
eration rate of plasma cells and complex structural alterations.
Therefore, interphase fluorescence 77 situ hybridization (FISH) has
become the standard of care for CA detection in MM, offer-
ing greater sensitivity, efficiency, and precision. The European
Myeloma Network (EMN) guidelines report on FISH applica-
tion and related technical approaches was published more than ten
years ago. Since then, there have been new FISH developments
in MM prognostication and therapy.’ In terms of prognosis, the
recent Second Revision of the International Staging System (R2-
ISS) incorporated in the R-ISS the detection of the chromosome
1921 gain/amplification (1q+), which was shown to indicate a
poor prognosis. The R2-ISS resulted in a better stratification of

intermediate-risk newly diagnosed (ND)MM patients, as compared
with the R-ISS.° Despite not being a standard approach, baseline
CA assessment has the potential to guide treatment strategy. For
instance, many centers use tandem autologous stem-cell transplan-
tation (ASCT) in patients with genetically defined high-risk disease,
while a venetoclax-based therapy can be considered for the treatment
of relapsed/refractory (RR)MM patients with t(11;14).” In addition,
performing FISH at the time of disease relapse can be useful in terms
of prognosis and efficacy of drug combination from the second line
of treatment, as showed in the subgroup analysis of the ICARIA
trial, in which isatuximab-pomalidomide-dexamethasone signifi-
cantly improved outcomes even in patients with gain/amp(1q21).%

Beyond guidelines and recommendations, real-world clinical
practice often presents a different scenario. Some onco-hematology
centers may lack access to FISH testing, requiring them to send
samples to external laboratories. The degree of uniformity in labora-
tory methods used to purify CD138" cells and of the cut-offs
applied to identify CA in clinical practice is largely unknown.
Moreover, although the performance of FISH at diagnosis and
relapse is outlined in guidelines, and there is consensus on the panel
of CA to routinely assess, these recommendations are not always
adhered to in clinical practice.

With this survey, we aimed to provide current data on the preva-
lence and laboratory characteristics of the use, in Italy, of FISH
testing to define cytogenetic risk in MM. Our secondary aim was to
analyze current practices regarding the definition, availability, and
interpretation of 1q abnormalities, which have only recently been
incorporated into MM staging systems.

Clinical Lymphoma, Myeloma and Leukemia  September 2025

677


http://creativecommons.org/licenses/by/4.0/

678

Application of FISH: An Italian Survey
Methods

We developed an online questionnaire that included 49 questions
(Supplemental Appendix, Supplemental Tables 1-4). The question-
naire was reviewed by the Italian branch of the EMN and then sent
to 118 Italian centers treating MM patients, 70 of which responded.
The centers were well distributed geographically throughout Italy.
Data were collected using REDCap.”"'” A descriptive analysis was
performed based on the responses from all centers. Subgroup analy-
ses were performed according to the number of NDMM patients in
2022 and geographic macro-areas. All survey questions were written
in Italian; an English translation of the questions is provided in the
Supplemental Appendix. In each center, a physician and a biologist
possessing expertise in FISH participated in the survey. Access to
the online survey was provided to hematology clinicians across Italy
between April and July 2023. The 2 last questions, (“Would you
be interested in receiving further information about 1q+ in a clini-
cal context?” and “Would you be interested in a discussion with an
experienced laboratory expert in FISH for MM to optimize cytoge-
netic investigations and 1q+ identification?”) were outside the scope
of the present analysis and are not discussed in this contribution.

Results

A total of 70 Italian centers treating MM completed the survey:
26 (37%) in northern Italy, 29 (42%) in central Italy, and 15 (21%)
in southern Italy (Supplemental Table 5). Twenty-three (34%)
centers were considered low-volume centers (<30 NDMM patients
treated per year), 23 (34%) medium-volume centers (31-50), and 22
(32%) high-volume centers (>50). Two centers did not provide the
number of new MM diagnoses and were excluded from the analysis
by center volume. The analysis of the responses according to center
volume is detailed here, while the analysis according to geographic
macro-area is included in the Supplemental Appendix (Supplemen-
tal Tables 1-2).

The first set of questions focused on the availability and method-
ology of the FISH technique across the 70 MM-treating centers.
Seventy-one percent (50/70) of centers performed FISH locally,
27% (19/70) sent samples to external laboratories, and 1% (1/70)
did not perform FISH at all. Low-volume centers had the great-
est need to send their samples to third-party centers (48%, 11/23),
while 91% (20/22) of high-volume centers performed FISH locally
(Figure 1). Eighty-nine percent (62/70) of centers performed FISH
analysis on purified CD138" cells, and in 74% (46/62) of these
centers, sample purity was assessed after CD138% enrichment.
In 21% of centers (13/62), sample purity was not assessed after
CD138" enrichment. Medium-volume centers were the least likely
to verify the purity of the purified CD138" cells (33%, 7/21).

We also asked the 50 centers that performed FISH locally which
specific CA they routinely analyzed and which cut-offs they applied
for the median percentage of positive nuclei (Table 1 and Figure 2).
While del(17p), t(4;14), t(14;16), 1q+, t(11;14), and del(1p32)
were analyzed by almost all centers performing FISH, del(13q) and
hyperdiploidy were the least analyzed CA. Fifty-eight percent of
medium-volume centers and 45% of high-volume centers did not
test for hyperdiploidy, while 70% of medium-volume centers and

36% of high-volume centers did not test for del(13q).
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As shown in Table 1, the applied cut-offs were highly
variable, particularly for hyperdiploidy, t(4;14), 1q+, and t(11;14).
Moreover, the cut-off for the definition of del(17p) positivity is still
a matter of debate: among all centers, 18% (9/50) applied a cut-off
of >20%, which was included in the new definition of high risk
recently proposed by the International Myeloma Society (IMS),!!
while no centers applied a higher prognostic cut-off of >55% as
proposed by Thakurta et al."?

Most centers (83%, 58/70) routinely analyzed 1q+ without a
specific request from the treating physician, while 14% (10/70)
performed it only upon physicians request. Two centers did not
respond. In the laboratories that performed 1q+ analysis only
upon request, reasons for not performing it routinely included costs
(1%, 1/10), lack of wide availability of the test (1%, 1/10), and
perception that it is not a standard practice (2%, 2/10), while 2%
(2/10) of centers cited unspecified reasons for not performing the
test routinely and 4 centers did not respond. Eighty-four percent
(59/70) of physicians working in the MM-treating centers stated
that the laboratory data received were sufficiently clear and compre-
hensive for detecting 1q+. Sixty-nine percent (48/70) of centers
included the 1q copy number found in monoclonal plasma cells
in their FISH report. However, 30% of low-volume (7/23), 29%
of medium-volume (5/23), and 18% of high-volume centers did
not report this information. Most centers (70%, 49/70) received
a FISH report that distinguished between gain and amplification
of 1q, while 20% (14/70) did not have access to this information
and 10% (7/70) did not answer. Among those centers that did
not distinguish between gain(1q21) and amp(1q21), 86% (12/14)
believed that this distinction could be important for clinical practice.
Most centers (79%, 55/70) reported using the same cut-offs for both
gain(1q21) and amp(1q21), using the percentage of positive nuclei
with 3 or >3 1q copies, respectively.

The second part of the survey focused on the prognostic aspects
of the FISH technique. The participating centers were asked
whether the FISH evaluation needed to be specifically requested
at diagnosis or if it was a standard test performed for every
patient. Seventy percent (49/70) confirmed that they routinely
performed it, while 16% (11/70) requested it only for selected
categories of patients, with similar percentages among centers
with different volumes. One percent (1/70) of centers did not
perform FISH at diagnosis, and 13% (9/70) did not answer.
Among the 11 centers that requested FISH only for selected
categories of patients, 91% (10/11) required it for transplant-
eligible patients, 55% (6/11) required it for transplant-ineligible
patients aged <80 years, 45% (4/11) did not require it for
transplant-ineligible patients aged <80 years, and none of these
centers required it for transplant-ineligible patients aged >80
years.

Almost all centers (94%, 66/70) used the R-ISS for the prognos-
tic evaluation at diagnosis, and 69% (48/70) also used the updated
R2-ISS. Twenty-nine percent (20/70) did not perform R2-ISS, with
30% of both low- and medium-volume centers (7/23, 7/23) and
27% of high-volume centers (6/22) not using this score.

At first relapse, 53% (37/70) of centers performed again
FISH analysis and re-evaluated the prognostic risk, 36% (25/70)
conducted this analysis only for selected patients, 9% (6/70) did not
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Figure 1

Does the laboratory associated with your center perform FISH analysis in patients with multiple myeloma?
Abbreviations: FISH = fluorescence in sifu hybridization; NDMM = newly diagnosed multiple myeloma.
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Table1 = More Frequently Analyzed Cytogenetic Abnormalities and Related Cut-Offs in Centers Performing FISH Locally
% Of Centers
Analyzing Such CA
CA (n=50)? Laboratory Cut-Offs, Median % of Positive Nuclei (Range)
Low-Volume Medium-Volume High-Volume
All Centers Centers (<30)" Centers (30-50)" Centers (>50)"

del(17p) 100 10 (5-50)¢ 10 (6-20) 10 (5-50) 10 (5-30)
t(4;14) 100 5(0.01-50) 6.5(0.03-10) 5(0.1-50) 10 (0.01-30)
t(14;16) 98 10 (1-50) 10 (2-10) 5 (1-50) 10 (1-30)
10+° 96 10 (3-50) 10 (3-20) 10 (5-50) 10 (5-30)
t(11;14) 90 10 (1-50) 10 (2-10) 7.5 (2-50) 10 (1-30)
del(1p32) 88 10 (5-50) 10 (6-20) 10 (5-50) 10 (5-30)
del(13q) 68 10 (4-50) 10 (6-10) 10 (5-50) 10 (4-30)
Hyperdiploidy 52 10 (1-50) 10 (4-20) 7.5 (5-50) 5(1-10)

2 Only centers performing FISH locally were asked this question.
® Number of NDMM patients/year.
©1g21 gain or amplification.

d The percentage of positive nuclei was prognostically important for most of the centers (7 = 62 [88%]).
Abbreviations: CA = cytogenetic abnormality; del = deletion; FISH = fluorescence in situ hybridization; IQR = interquartile range; n = number; NA = not available; NOMM = newly diagnosed

multiple myeloma; t = translocation.

perform it at relapse, and 3% (2/70) did not answer. High-volume
centers (64%, 14/22) re-evaluated FISH at relapse more frequently
than medium-volume (52%, 12/23) and low-volume (48%, 11/23)
centers. The 25 centers that required FISH only for specific patient
categories at relapse were further surveyed regarding the age groups
for which FISH was required: 40% (10/25) required FISH for
patients aged <60 years, 52% (13/25) for those <70 years, 28%
(7/25) for those <75 years, while no centers required it for patients
aged >75 years at relapse.

The last part of the survey selectively focused on clinicians’
considerations regarding 1q alterations. Among all centers, 93%
(65/70) considered 1q+ « high-risk CA at baseline. Regarding its
prognostic value at diagnosis, 39% (27/70) and 50% (35/70) of

centers respectively attributed high and quite high importance to
it, while 4% (3/70) did not consider it an important factor in
baseline prognostic evaluation. When considering the co-occurrence
of 1q+ with other abnormalities, such as del(17p), t(4;14) and
t(14;16), 83% (58/70) of centers believed that prognostic differ-
ences existed between patients with isolated 1q+ and those with
additional CA, while 6% (4/70) believed that there were no signifi-
cant differences. Additionally, 69% (48/70) of centers believed that
prognostic differences existed between patients with gain(1q21) and
those with amp(1g21), with similar percentages across centers with
different patient volumes.

Most centers reported rates of 30%-50% of NDMM patients
positive for 1q+. In 63% (44/70) of centers, the presence of 1q+
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Figure 2 Box and whisker analysis of the percentage of positive nuclei for the main cytogenetic abnormalities across the 50
Italian centers performing FISH locally. Abbreviations: FISH = fluorescence in situ hybridization; del = deletion;

t = translocation; 1q+ = 1q21 gain or amplification.
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at diagnosis did not influence the choice of first-line therapy, while
in 27% (19/70) it did. In similar percentages of low-volume (30%,
7/23), medium-volume (22%, 5/23), and high-volume (32%, 7/22)
centers first-line therapy was only slightly influenced by the presence
of 1g+. At relapse, 39% (27/70) of centers reported that around
50% of their patients were positive for 1q+, while 29% (20/70)
estimated rates around 30%. As compared with positivity for 1q+
at diagnosis, more centers (58%, 41/70) believed that the presence
of 1g+ did not influence therapy choices at relapse, while only
29% (20/70) believed that it did. Finally, the participating centers
were asked whether personalized treatment could be made available
for patients with 1q+ based on data from published randomized
controlled trials. The responses were mixed: 49% (34/70) of centers
believed that personalized treatment was not feasible, 30% (21/70)
that it was feasible, and 19% (13/70) were unsure. Interestingly,
a higher percentage of low-volume centers believed that person-
alized therapy was a possible option (43%, 10/23), as compared
with medium-volume (26%, 6/23) and high-volume (23%, 5/22)
centers. Conversely, a higher percentage of high-volume centers
believed that personalized therapy for this subset of patients was not
possible (72%, 16/22), as compared with medium-volume (43%,
10/23) and low-volume (35%, 8/23) centers. Among the approved
therapeutic classes, anti-CD38 monoclonal antibodies (mAbs) were
considered the most effective agents for the treatment of this
subset of patients (54%, 38/70), as compared with immunomod-
ulatory drugs and proteasome inhibitors, and 59% (41/70) of
centers were familiar with the available data on the use of regimens
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containing anti-CD38 mAbs for the treatment of patients positive
for 1g+.

Discussion

In this survey, we obtained valuable insights into current clinical
and laboratory practices for FISH testing in Italy, observing both
adherence to and divergence from established guidelines. Our data
revealed notable variability in the availability of testing, methodolo-
gies used, and interpretation of CA. This heterogeneity can impact
both the accuracy of risk stratification and the consistency of treat-
ment approaches.

Although most Italian centers performed FISH analysis, nearly
half of low-volume centers had to send samples to third-party
laboratories, which may have delayed prognostic evaluation and
patient care. This is especially significant given that personalized
treatment options are likely to become available in the future,
highlighting the need for increased access to local FISH testing in
smaller centers.

Additionally, 20% of centers did not verify the purity of CD138%
cells after the purification process, thus negatively impacting the
accuracy of FISH results and potentially leading to unreliable data
and false-negative results in case of low purity. These findings
suggest the need for more consistent quality control measures across
different centers to ensure accurate and timely cytogenetic testing.

The findings regarding FISH availability and usage across Italian
centers provide a valuable benchmark for assessing the future appli-

cability of next-generation sequencing (NGS). The role of NGS



in defining MM patient risk is increasingly emphasized, particu-
larly with regard to the detection of mutations such as TP53 and
biallelic deletions of 1p32. These genomic alterations cannot be
reliably identified by traditional FISH analysis; however, they are
poised to play a pivotal role in the new definition of high-risk MM
currently proposed by the IMS. Given the complexity and costs
associated with NGS, it is likely that a greater proportion of centers
will initially need to send samples to external laboratories for testing,
similar to the current practices that we observed in small-volume
centers regarding FISH testing.

A further key challenge highlighted by this survey is the signif-
icant variability in the cut-offs used to define CA among different
centers. The range of thresholds applied to determine the positiv-
ity for a specific CA in real-world practice is wide, which reflects a
broader issue that is present also among different clinical trials that
report FISH alterations using different cut-offs. To better address
this issue, clear international guidelines regarding the appropriate
cut-offs for FISH analysis should be established. For example, in
the new definition of high risk proposed by the IMS, a cut-off of
>20% was suggested for del(17p)."" This underscores the impor-
tance of standardizing positivity thresholds across centers to align
with these updated cut-offs, ensuring consistency and facilitating
reliable comparisons across different practices. Moreover, in the
FISH reports, the actual percentage of positive nuclei for each alter-
ation should be documented, allowing for a retrospective review of
FISH results as new data emerge in the future.

Based on this survey, the high percentage of centers perform-
ing FISH at diagnosis aligns with international recommendations,
while the relatively lower rates of FISH reassessment at relapse—
particularly in low- and medium-volume centers—may indicate
suboptimal application of prognostic reassessment in later stages of
the disease. This discrepancy may be attributed to logistical limita-
tions, different institutional priorities, or lack of consensus on the
clinical benefit from repeating FISH analysis at relapse. Interestingly,
while most centers required baseline FISH testing for transplant-
eligible patients and transplant-ineligible patients aged <80 years,
there was a clear tendency to avoid FISH evaluation in older,
transplant-ineligible patients, likely due to the limited therapeutic
options and reduced clinical impact of prognostic stratification in
this population. The difference in the rates of FISH reassessment
at relapse between high- and low-volume centers (64% vs. 48%)
may suggest that centers with higher patient volumes had greater
access to resources or adhered more strictly to updated guidelines.
Additionally, the lower rates of FISH testing for older patients at
relapse further confirmed the tendency to limit invasive or complex
diagnostic procedures in older populations, in which the potential
therapeutic impact may be diminished.

The widespread use of the R-ISS for prognostic assessment at
diagnosis reflects its established role in clinical practice. The R2-ISS
has also been implemented, though to a lesser extent, with approxi-
mately two-thirds of centers adopting it.

Despite widespread recognition of 1q+ as a high-risk feature,
there is significant variation in how this abnormality is tested and
reported, particularly in terms of differentiating between gain and
amplification. The survey also highlighted that, while most centers
considered 1q+ an important prognostic marker, the influence of
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this abnormality on treatment choices was inconsistent. At diagno-
sis, many centers reported that the presence of 1q+ may guide
therapy choices, but at relapse, the majority of centers did not incor-
porate it into treatment options, reflecting a lack of clear therapeutic
guidance for patients positive for 1q+ or a limited access to specific
therapies in real-world settings.

Lastly, the mixed responses on the feasibility of personalized
therapy for patients positive for 1q+ reflect an ongoing debate
within the clinical community. While some centers, particularly the
low-volume ones, were optimistic about the potential of personal-
ized treatment based on cytogenetic profiles, others, especially the
high-volume ones, remained skeptical, likely due to the limited
evidence available from randomized controlled trials.

Overall, our findings confirm the need for more standardized
protocols and clearer guidelines on the management of cytoge-
netic abnormalities in MM within the Italian setting, particularly
with regard to methodologies, use of FISH at relapse, and clini-
cal implications of 1q+ alterations. Further research and collabora-
tion are essential to harmonize practices and ensure that all patients
benefit from the latest advancements in MM prognosis and treat-
ment. Applying a similar survey approach globally, hopefully with
the support of international societies involved in the study of MM,
can help identify country-specific heterogeneities and differences in
access to techniques.

Clinical Practice Points

o Although most Italian centers performed fluorescence in situ
hybridization (FISH), there is a need for increased access to
local FISH testing in smaller centers, since personalized treatment
options are likely to become available in the future.

e Our data confirmed the need for standardized guidelines on the
management of cytogenetic abnormalities in multiple myeloma
(MM) within the Italian setting, particularly with regard to
methodologies, use of FISH at relapse, and clinical implications
of 1q+ alterations.

o Our findings suggest the need for more consistent quality control
measures, given that 20% of centers did not verify the purity of
CD138" cells after the purification process.

o In the future, given the complexity and costs of next-generation
sequencing, a greater proportion of centers will initially send
samples to third parties for testing mutations such as TP53 and
biallelic deletions of 1p32, which are likely to play a role in the
new definition of high-risk MM.

o We observed a significant variability in the cut-offs used to define
cytogenetic abnormalities (CA) among different centers. Clear
international guidelines should be established, not only defining a
consistent threshold, but also suggesting that each center reports
the percentage of positive nuclei for a given alteration.

e There was a clear tendency to avoid FISH evaluation in older,
transplant-ineligible patients, likely due to the limited therapeutic
options and reduced clinical impact of prognostic stratification in
this population.

o The difference in the rates of FISH reassessment at relapse
between high- and low-volume centers (64% vs. 48%) may
suggest that centers with higher patient volumes had greater access
to resources or adhered more strictly to updated guidelines.
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¢ The widespread use of the Revised International Staging System
(R-ISS) for prognostic assessment at diagnosis reflects its estab-
lished role in clinical practice. The R2-ISS has also been imple-
mented, though to a lesser extent.

¢ Despite widespread recognition of 1q+ as a high-risk feature,
there was significant variation in how it was tested and reported,
particularly in terms of differentiating between gain and ampli-
fication. At relapse, the majority of centers did not incorporate
1q+ testing, reflecting a lack of clear therapeutic guidance and/or
a limited access to specific therapies.

¢ Many high-volume centers remained skeptical about the potential
of personalized treatment based on cytogenetic profiles, likely due
to the limited evidence available from randomized trials.
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Supplementary materials
Supplementary Tables S1-S5.

Table S1 Geographic survey analysis - laboratory setting

Question Italy Northern Italy | Central Italy | Southern Italy
N=70 n=26 n=29 n=15

Does the laboratory associated with your center perform FISH analysis for patients with MM?

-No 1 1 - -

- No, we send sample to third parties 4 7 8

- Yes 21 22 7
Is FISH performed on purified CD1387 cells?

-No 6 1 3 2

- Yes 62 24 26 12

- Missing 2 1 - 1
For FISH performed on purified CD138 cells, is the purity of the sample assessed n=62 n=24 n=26 n=12
after the separation of CD138+ cells?

-No 13 4 7 2

- Yes 46 19 18 9

- Missing 3 1 1 1
Routinely tested CA: del(17p) n=50 n=21 n=22 n=7

- Yes 50 21 22 7
Routinely tested CA: t(4;14) n=50 n=21 n=22 n=7

- Yes 50 21 22 7
Routinely tested CA: t(14;16) n=50 n=21 n=22 n=7

-No 1 - 1 -

- Yes 49 21 21 7
Routinely tested CA: del(1p32) n=50 n=21 n=22 n=7
-No 3 - 1 1
- Yes 44 19 19 6

- Missing 3 2 2
Routinely tested CA: t(11;14) n=50 n=21 n=22 n=7
-No 4 - 4 -
- Yes 45 19 17 7
- Missing 1 2 1 -
Routinely tested CA: del(13q) n=50 n=21 n=22 n=7
-No 15 4 11 -
- Yes 34 16 11 7
- Missing 1 1 -
Routinely tested CA: hyperdiploidy n=50 n=21 n=22 n=7
-No 23 6 14 3
- Yes 26 14 8 4
- Missing 1 1 - -
Routinely tested CA: 1q+ n=50 n=21 n=22 n=7
-No 2 - 1 1
- Yes 48 21 21 6
FISH cut-off n=50 n=21 n=22 n=7
- No cut-off 4 2 2 -
- Yes 40 17 18 5
- Missing 6 2 2 2
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Table S1 | (continued)

Question Italy Northern Italy | Central Italy | Southern ltaly
N=70 n=26 n=29 n=15
Routinely used cut-offs: del(17p) n=50 n=21 n=22 n=7
- Median (IQR) 10 (10-12.25) 10 (10-20) 10 (10-10) 10 (7-20)
- Missing 10 4 4 2
Routinely used cut-offs: t(4;14) n=50 n=21 n=22 n=7
- Median (IQR) 5(1-10) 10 (3-10) 15(0.1-4.5) 10 (5-10)
- Missing 10 4 4 2
Routinely used cut-offs: del(1p32) n=50 n=21 n=22 n=7
- Median (IQR)ss 10 (6-10) 10 (9.75-16.25) 10 (6-10) 8 (5.75-20)
- Missing 16 8 3
Routinely used cut-offs: t(11;14) n=50 n=21 n=22 n=7
- Median (IQR) 10 (3-10) 10 (5-10) 3(2-10) 10 (7-10)
- Missing 17 4 1 2
Routinely used cut-offs: del(13q) n=50 n=21 n=22 n=7
- Median (IQR) 10 (7.5-10) 10 (9.75-10) 10 (7-10) 10 (6-10)
- Missing 26 9 15 2
Routinely used cut-offs: hyperdiploidy n=>50 n=21 n=22 n=7
- Median (IQR) 10 (5-10) 10 (5-10) 5(4.25-5.75) 50 (50-50)
- Missing 35 13 16 6
Routinely used cut-offs: 1+ n=50 n=21 n=22 n=7
- Median (IQR) 10 (5.25-10) 10 (10-15) 10 (5-10) 8 (5.75-20)
- Missing 12 4 5 3
Cut-off for 1g21 gain and amplification 1g21 gain n=6 n=4 n=2 n=0
10% of positive nuclei with 3 1g21 copies 1g21 amplification 6 4 2 -
<10% of positive nuclei with >3 1921 copies 1 - 1 -
>20% of positive nuclei with >3 1921 copies 5 4 1 -
Do you think that the percentage of nuclei positive for the del(17p) alteration has prognostic implications?
-No 5 2 3 -
- Yes 62 23 25 14
- Missing 3 1 1 1
Does your reference laboratory provide 1+ data as part of cytogenetic evaluation, either routinely or upon request?
- Routinely 58 22 26 10
- Upon request 10 4 3 3
- Missing 2 - - 2
If your laboratory does not provide data on 1g+ presence, what is the reason? n=10 n=4 n=3 n=3
- Costs 1 - 1 1
- Test unavailable 1 - 1
- Not a standard test 2 - -
- Other 2 1 1 -
- Missing 4 3 1 -
Do you find your laboratory data clear and comprehensive for detecting the presence of the 1q-+ alteration?
-No 8 4 3 1
- Yes 59 22 25 12
- Missing 3 - 1 2
Does your laboratory provide the number of 1g21 copies present in the nuclei of monoclonal plasma cells?
-No 16 3 7 6
- Yes 48 22 21 5
- Missing 6 1 1 4
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Table $1 | (continued)

Question Italy Northern Italy | Central Italy | Southern Italy
N=70 n=26 n=29 n=15
Do the data provided by the laboratory allow you to distinguish between 1921 gain and amplification?
-No 14 4 7 3
- Not sure 6 - 2 4
- Yes 49 22 20 7
- Missing 1 1
If you do not distinguish between 1921 gain and amplification, do you believe this n=14 n=4 n=7 n=
could be an important factor for your clinical practice?
-No 2 - 2 -
- Yes 12 4 5 3
What cut-off is used to consider patients positive for 1g+?
- <10% 14 3 6 5
-10% 30 15 1 4
-20% 11 6 4 1
-30% 1 - 1 -
-50% 2 - 1 1
-60% 1 - 1 -
- Missing 11 2 5 4
Are different cut-offs used for 1g21 gain and amplification?
-No 55 20 23 12
- Yes 4 2 -
- Missing 2 4 3

Abbreviations. FISH, fluorescence /n situ hybridization; MM, multiple myeloma; CA, cytogenetic abnormalities; del, deletion; IQR, interquartile range; t, translocation; 1q-+, 1921 gain or ampli-

fication.

Table S2 = Geographic survey analysis - clinical and prognostic setting

Question Italy Northern Central Italy Southern
Italy Italy
N=70 n=26 n=29 n=15
If not routinely provided, is cytogenetic risk assessment required at diagnosis?
-No 1 1 - -
- Yes 49 19 18 12
- Only for selected categories 1 4 4 3
- Missing 9 7 -
Detail the categories of patients for whom cytogenetic risk assessment is required at diagnosis.
- Transplant-gligible patients n=11 n=4 n=3 n=3
-No 1 1 -
- Yes 10 3 4 3
Transplant-ineligible patients <80 years
-No 5 1 1 3
- Yes 6 3 3 -
Transplant-ineligible patients >80 years
-No 1 4 4 3
Do you use the R-ISS for prognostic evaluation of patients at diagnosis?
-No 2 1 1 -
- Yes 66 24 27 15
- Missing 2 1 1 -
Do you consider 1g+ a high cytogenetic-risk factor?
-No 3 - 3 -
- Yes 65 25 25 15
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Table S2 | (continued)

Question Italy Northern Central Italy Southern
Italy Italy
N=70 n=26 n=29 n=15
- Missing 2 1 1 -
Do you use the R2-ISS for prognostic evaluation of patients at diagnosis?
-No 20 6 8 6
- Yes 48 19 20 9
- Missing 2 1 1 -
Based on your experience, what is the percentage of patients presenting with 1g+ at diagnosis?
- <5% 7 3 3 1
- <15% 17 7 3 7
- <30% 26 14 8 4
- <50% 14 1 12 1
- <80% 1 - 1 -
- Missing 5 1 2 2
Based on the available data, do you think there are prognostic differences between patients with 1+ alone and those with a co-presence of 1g+ and other cytogenetic
abnormalities (e.g., del(17p), t(4;14), t(14;16))?
-No 4 1 2 1
- Yes 58 22 23 13
- Missing 8 3 4 1
Based on the available data, do you think there are prognostic differences between patients with gain(1g21) and those with amp(1g21)?
-No 14 6 5 3
- Yes 48 18 21 9
- Missing 8 2 3 3
What prognostic importance do you attach to the presence of 1q+ at diagnosis?
- Significant 27 8 14 5
- Moderate 35 15 1A 9
- Minimal 3 1 2 -
- Not sure 1 1 - -
- Missing 4 1 2 1
Is the presence of 1g-+ at diagnosis a factor that guides therapy choice in the first line?
-No 44 16 18 10
- Not sure 2 - - 2
- Yes 19 7 9 3
- Missing 5 3 2 -
Do you perform cytogenetic risk assessment at first relapse?
-No 6 3 2 1
- Yes 37 13 17 7
- Only for selected categories of patients 25 9 9 7
- Missing 2 1
Detail the categories of patients for whom cytogenetic risk assessment is required at n=25 n=9 n=9 n=7
first relapse.
- Patients <60 years
-No 15 7 6 2
- Yes 10 2 3 5
- Patients <70 years
-No 12 4 4 4
- Yes 13 5 5 3
- Patients <75 years
-No 18 5 6 7
- Yes 7 4 3 -
- Patients >75 years
-No 25 9 9 7

(continued on next page)
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Table S2 | (continued)

Question Italy Northern Central Italy Southern
Italy Italy
N=70 n=26 n=29 n=15
Based on your experience, what is the percentage of patients who present with +-1q at first relapse?
- <5% 2 1 1 -
-<15% 10 2 3 5
- <30% 20 10 5 5
- <50% 27 11 14 2
- <80 % 4 - 3 1
- Missing 7 2 3 2
Does the presence of 1+ at relapse guide your treatment choice?
-No 4 13 20 8
- Not sure 7 2 1 4
- Yes 20 10 7 3
- Missing 2 1 1 -
Based on data from currently published RCTs, is it possible to make targeted treatment decisions for patients with 1g+?
-No 34 11 21 2
- Not sure 13 6 1 6
- Yes 21 8 6 7
- Missing 2 1 1 -
Are there any approved therapeutic classes that you believe are more effective for treating patients with 1g+?
- Anti-CD38 mAbs 38 12 15 11
- IMiDs 4 2 1 1
-Pls 17 8 9 -
- Missing 1 4 4 3
Are you aware of any limited data available on the 1g+ population in the context of therapies with the two approved anti-CD38 mAbs?
-No 26 9 10 7
- Yes 4 16 18 7
- Missing 3 1 1 1
Would you be interested in learning more about 1g+ from a clinical perspective?
-No 1 - 1 -
- Yes 67 25 27 15
- Missing 2 1 1 -
Would you be interested in a discussion with an experienced laboratory expert in FISH for MM to optimize cytogenetic investigations and 1g+ identification?
-No 8 3 5 -
- Yes 60 22 23 15
- Missing 2 1 1 -
How many patients were diagnosed with MM at your center in 20227
- <10 MM patients 1 1 - -
-10-30 MM patients 22 7 7 8
- 31-50 MM patients 23 10 9 4
- >50 MM patients 22 7 12 3
- Missing 2 1 1 -

Abbreviations. R-ISS, Revised International Staging System; 1q21-+, 1q21 gain or amplification; R2-ISS, Second Revision of the International Staging System; del, deletion; t, translocation; amp,
amplification; RCTs, randomized controlled trials; mAbs, monoclonal antibodies; IMiDs, immunomodulatory drugs; PIs, proteasome inhibitors; FISH, fluorescence in situ hybridization; MM, multiple
myeloma.
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Tahle 3 Volume size survey analysis - laboratory settings

Question Italy Low-volume Medium- High-volume
centers volume centers
(<30)2 centers (>50)2
(30-50)°
N=68 n=23 n=23 n=22

Does the laboratory associated with your center perform FISH analysis for patients with MM?

-No 1 - 1 -

- No, we send sample to third parties 18 1 5 2

- Yes 49 12 17 20

- Is FISH performed on purified CD138+ cells?

-No 6 3 1 2

- Yes 60 19 21 20

- Missing 2 1 1 -

- For FISH performed on purified CD1387 cells, is the purity of the sample n=60 n=19 n=21 n=20
assessed after the separation of CD138+- cells?

-No 13 3 7 3

- Yes 46 16 13 15

- Missing 3 - 1 2

- Routinely tested CA: del(17p) n=49 n=12 n=17 n=20

- Yes 49 12 17 20

- Routinely tested CA: t(4;14) n=49 n=12 n=17 n=20

- Yes 49 12 17 20

- Routinely tested CA: t(14;16) n=49 n=12 n=17 n=20

-No 1 - - 1

- Yes 48 12 17 19

- Routinely tested CA: del(1p32) n=49 n=12 n=17 n=20

-No 3 - 2 1

- Yes 43 11 15 17

- Missing 3 1 - 2

- Routinely tested CA: t(11;14) n=49 n=12 n=17 n=20

-No 4 12 3 1

- Yes 44 - 14 18

- Missing 1 - 1

- Routinely tested CA: del(13q) n=49 n=12 n=17 n=20

-No 14 2 7 5

- Yes 34 10 10 14

- Missing 1 - - 1

- Routinely tested CA: hyperdiploidy n=49 n=12 n=17 n=20

-No 22 3 10 9

- Yes 26 9 7 10

- Missing 1 - - 1

- Routinely tested CA: 1q+ n=49 n=12 n=17 n=20

-No 2 - 1 1

- Yes 47 12 16 19

- FISH cut-off n=49 n=12 n=17 n=20

- No cut-off 4 - 1 3

- Yes 40 17 13 15

- Missing 5 - 3 2

- Routinely used cut-offs: del(17p) n=49 n=12 n=17 n=20

(continued on next page)
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Table S3 | (continued)

Question Italy Low-volume Medium- High-volume
centers volume centers
(<30)? centers (>50)2
(30-50)2
N=68 n=23 n=23 n=22
- Median (IQR) 10 (10-12.25) 10 (9.5-12.5) 10 (9-10) 10 (10-4.5)
- Missing 9 - 4 5
- Routinely used cut-offs: t(4;14) n=49 n=12 n=17 n=20
- Median (IQR) 5(1-10) 6.5(0.1-10) 5(2-5) 10 (1-15)
- Missing 9 - 4 5
- Routinely used cut-offs: del(1p32) n=49 n=12 n=17 n=20
- Median (IQR) 10 (6-10) 10 (7-16.25) 10 (7-10) 10 (5-10)
- Missing 15 2 6 7
- Routinely used cut-offs: t(11;14) n=49 n=12 n=17 n=20
- Median (IQR) 10 (3-10) 10 (5-10) 7.5(5-10) 10 (2.5-15)
- Missing 16 1 7 8
- Routinely used cut-offs: del(13q) n=49 n=12 n=17 n=20
- Median (IQR) 10 (7.5-10) 10 (8-10) 10 (7-10) 10 (8.75-10)
- Missing 25 3 10 12
- Routinely used cut-offs: hyperdiploidy n=49 n=12 n=17 n=20
- Median (IQR) 10 (5-10) 10 (7-17.5) 7.5 (5-20) 5(2-10)
- Missing 34 6 13 15
- Routinely used cut-offs: 1g+ n=49 n=12 n=17 n=20
- Median (IQR) 10 (5.25-10) 10 (9-10) 10 (5-10) 10 (6.25-10)
- Missing 1 - 5 6
- Cut-off for 1g21 gain and amplification n=6 n=1 n=3 n=2
- 1021 gain 10% of positive nuclei with 3 1g21 copies 6 1 3 2
- 1021 amplification <10% of positive nuclei with >3 121 copies 1 - 1 -
- >20% of positive nuclei with >3 1921 copies 5 1 2 2

- Do you think that the percentage of nuclei positive for the del(17p) alteration has
prognostic implications?

-No 5 - 3 2
- Yes 60 21 19 20
- Missing 3 2 1

- Does your reference laboratory provide 1g+ data as part of cytogenetic
gvaluation, either routinely or upon request?

- Routinely 56 16 19 19
- Upon request 10 4 4 2
- Missing 2 1 - 1
- If your laboratory does not provide data on 1g+ presence, what is the reason? n=10 n=4 n=4

- Costs 1 - 1 -
- Test unavailable 1 1 - -
- Not a standard test 2 2 - -
- Other 2 - 1 1
- Missing 4 1 2 1

- Do you find your laboratory data clear and comprehensive for detecting the
presence of the 1g+ alteration?

-No 16 7 5 4
- Yes 46 13 17 16
- Missing 6 3 1 2

(continued on next page)
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Table S3 | (continued)

Question Italy Low-volume Medium- High-volume
centers volume centers
(<30)2 centers (>50)2
(30-50)°
N=68 n=23 n=23 n=22
- Does your laboratory provide the number of 1921 copies present in the nuclei of
monoclonal plasma cells?
-No 16 3 7 6
- Yes 48 22 21 5
- Missing 6 1 1 4
- Does the data provided by the laboratory allow you to distinguish between 121
gain and amplification?
-No 14 5 5 4
- Not sure 6 2 2 2
- Yes 47 15 16 16
- Missing 1 - - 1
- If you do not distinguish between 1g21 gain and amplification, do you believe this n=14 n=>5 n=5
could be an important factor for your clinical practice?
-No 2 - 2 -
- Yes 12 5 3 4
- What cut-off is used to consider patients positive for 1q+?
- <10% 14 5 5 4
-10% 30 9 1 10
-20% 9 3 3 3
-30% 1 1 - -
-50% 2 - 1 1
-60% 1 1 - -
- Missing 1 4 3 4
- Are different cut-offs used for 1921 gain and amplification?
-No 53 19 17 17
- Yes 6 1 3 2
- Missing 9 3 3 3

2Number of NDMM patients/year.

Abbreviations. FISH, fluorescence /n situ hybridization; MM, multiple myeloma; CA, cytogenetic abnormalities; del, deletion; IR, interquartile range; t, translocation; 1g21+, 121 gain or

amplification; NDMM, newly diagnosed multiple myeloma.
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Table S4 = Volume size survey analysis - clinical and prognostic setting

Question Italy Low-volume Medium- High-volume
centers volume centers
(<30)? centers (>50)2
(30-50)°
N=68 n=23 n=23 n=22

- If not routinely provided, is cytogenetic risk assessment required at diagnosis?
-No 1 1 - -
- Yes 49 18 16 15
- Only for selected categories 1 3 4 4
- Missing 7 1 3 3

Detail the categories of patients for whom cytogenetic risk assessment is required at n=11

diagnosis.
- Transplant-eligible patients n=3 n=3
-No 1 - 1 -
- Yes 10 3 3 4
- Transplant-ineligible patients <80 years
-No 5 2 1 2
- Yes 6 1 3 2
- Transplant-ineligible patients >80 years
-No 11 3 4 4
- Do you use the R-ISS for prognostic evaluation of patients at diagnosis?
-No 2 1 - 1
- Yes 66 23 22 21
- Do you consider 1g+ a high cytogenetic-risk factor?
-No 3 1 2 -
- Yes 65 22 21 22
- Do you use the R2-ISS for prognostic evaluation of patients at diagnosis?
-No 20 7 7 6
- Yes 48 16 16 16
- Based on your experience, what is the percentage of patients presenting with 1g+

at diagnosis?
-<5% 7 3 2 2
-<15% 17 8 3 6
-<30% 26 7 13 6
- <50 % 14 4 4 6
- <80 % 1 - - 1
- Missing 3 1 1 1
- Based on the available data, do you think there are prognostic differences between

patients with 1g-+ alone and those with a co-presence of 1q+ and other cytogenetic

abnormalities (e.g., del(17p), t(4;14), t(14;16))?
-No 4 - 1 3
- Yes 58 20 21 17
- Missing 6 3 1 2
- Based on the available data, do you think there are prognostic differences between

patients with gain(1g21) and those with amp(1g21)?
-No 14 4 6 4
- Yes 48 16 15 17
- Missing 6 3 2 1
- What prognostic importance do you attach to the presence of 1g+ at diagnosis?
- Significant 27 7 1 9
- Moderate 35 14 9 12
- Minimal 3 1 2 -

(continued on next page)
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Table S4 | (continued)

Question Italy Low-volume Medium- High-volume
centers volume centers
(<30)? centers (>50)*
(30-50)°
N=68 n=23 n=23 n=22

- Not sure 1 - - 1
- Missing 2 1 1 -
- Is the presence of 1+ at diagnosis a factor that guides therapy choice in the first

line?
-No 41 13 14 14
- Not sure 7 2 3 2
- Yes 20 8 6 6
- Do you perform cytogenetic risk assessment at first relapse?
-No 6 3 1 2
- Yes 37 11 12 14
- Only for selected categories of patients 25 9 10 6

Detail the categories of patients for whom cytogenetic risk assessment is required at n=25 n=9 n=10 n=6

first relapse.
- Patients <60 years
-No 15 5 8 2
- Yes 10 4 2 4
- Patients <70 years
-No 12 3 5 4
- Yes 13 6 5 2
- Patients <75 years
-No 18 7 6 5
- Yes 7 2 4 1
- Patients >75 years
-No 25 9 10 6
- Based on your experience, what is the percentage of patients who present with

+1q at first relapse?
- <5% 2 1 1 -
- <15% 10 4 3 3
- <30% 20 8 7 5
- <50% 27 7 10 10
- <80 % 4 2 1 1
- Missing 5 1 1 3
- Does the presence of 1g+ at relapse guide your treatment choice ?
-No 4 13 20 8
- Not sure 7 2 1 4
- Yes 20 10 7 3
- Missing 2 1 1 -
- Based on data from currently published RCTs, is it possible to make targeted

treatment decisions for patients with 1g+7?
-No 34 8 10 16
- Not sure 13 5 7 1
- Yes 21 10 6 5
- Are there any approved therapeutic classes that you believe are more effective for

treating patients with 1g+?
- Anti-CD38 mAbs 38 16 11 11
- IMiDs 4 - 3 1
- Pls 17 4 6 7
- Missing 9 3 3 3

(continued on next page)
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Table S4 | (continued)

Question Italy Low-volume Medium- High-volume
centers volume centers
(<30)2 centers (>50)?
(30-50)?
N=68 n=23 n=23 n=22

- Are you aware of any limited data available on the 1g+ population in the context
of therapies with the two approved anti-CD38 mAbs?

-No 26 11 9 6
- Yes 4 11 14 16
- Missing 1 1 - -

- Would you be interested in learning more about 1g+ from a clinical perspective?

-No 1 - - 1

- Yes 67 23 23 21

- Would you be interested in a discussion with an experienced laboratory expert in
FISH for MM to optimize cytogenetic investigations and 1g+ identification?

-No 8 2 4 2
- Yes 60 21 19 20

@ Number of NDMM patients/year.

Abbreviations. R-ISS, Revised International Staging System; 1g+, 1g21 gain or amplification; R2-ISS, Second Revision of the International Staging System; del, deletion; t, translocation; amp,
amplification; RCTs, randomized controlled trials; mAbs, monoclonal antibodies; IMiDs, immunomodulatory drugs; Pls, proteasome inhibitors; FISH, fluorescence /n situ hybridization; NDMM, newly
diagnosed multiple myeloma.

Tahle S5 Regions across Italy represented by centers participating in the surveys

Northern Italy Central ltaly Southern Italy
n=26 n=29 n=15
Lombardia Abruzzo Basilicata
Piemonte Emilia Romagna Calabria
Valle d’Aosta Lazio Campania
Veneto Liguria Molise
Marche Puglia
Sardegna Sicilia
Toscana
Umbria
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