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KEY PO INT S

l Association of del17p
CCF threshold and
poor prognosis in
NDMM is established
via fluorescence in
situ hybridization
and sequencing
methods.

l TP53 mutations are
enriched in a high-risk
patient segment
characterized by high
del17p CCF.

Deletions of chromosome 17p (del17p) that span the TP53 gene are associated with poor
outcome in multiple myeloma (MM), but the prognostic value of del17p cancer clonal
fraction (CCF) remains unclear. We applied uniform cytogenetic assessments in a large
cohort of newly diagnosed MM (NDMM) patients carrying varying levels of del17p.
Incremental CCF change was associated with shorter survival, and a robust CCF threshold
of 0.55 was established in discovery and replication data sets. After stratification on
the 0.55-CCF threshold, high-risk patients had statistically significantly poorer outcomes
compared with low-risk patients (median progression-free survival [PFS] and overall
survival [OS], 14 and 32 vs 23.1 and 76.2 months, respectively). Analyses of a third data
set comprising whole-exome sequencing data from NDMM patients identified presence
of TP53 deletions/mutations as a necessary requirement for high-risk stratification
in addition to exceeding the del17p CCF threshold. Meta-analysis conducted across
3 data sets confirmed the robustness of the CCF threshold for PFS and OS. Our analy-
ses demonstrate the feasibility of fluorescence in situ hybridization– and sequencing-

based methods to identify TP53 deletions, estimate CCF, and establish that both CCF threshold of 0.55 and presence
of TP53 deletion are necessary to identify del17p-carrying NDMM patients with poor prognosis. (Blood. 2019;
133(11):1217-1221)

Introduction
The role of tumor protein 53 (TP53) as a tumor suppressor in
multiple myeloma (MM) is well known,1,2 and cytogenetic
analysis of chromosome 17p deletion (del17p), which spans the
TP53 gene, by fluorescence in situ hybridization (FISH) is part
of the recommended risk assessment in newly diagnosed MM
(NDMM).3-5

Currently, the minimum percentage of del17p cancer clonal
fraction (CCF) indicative of poor prognosis is not known, with
most studies reporting arbitrary threshold levels ranging from
a single FISH1 cell to exceeding 60% FISH1MM cells.6-9 The lack
of uniform analytical methods for cytogenetic assessment of
del17p by FISH adds to discordant claims about CCF threshold
for poor prognosis.4,6,8,9 Genetic defects in 17p are complex
and include either a deletion only or a mutation only in 1 allele
of the TP53 gene or both (biallelic inactivation). Biallelic in-
activation in the TP53 gene (ie, double hit) is associated with
very poor prognosis.10-12

Here, large NDMM patient discovery and replication data sets
with uniform del17p assessment by interphase FISH were used
to establish the cytogenetic CCF threshold for poor prognosis
patients. Computational analyses were applied to genomic
Myeloma Genome Project (MGP) data10 to estimate CCF in tumors
characterized by varying extent of 17p deletions, including those
in the TP53 region.

Study design
The MGP data set comprised 1766 NDMM patients with avail-
able whole-exome sequencing, whole-genome sequencing,
RNA sequencing, and expression array data, derived from the
Myeloma XI trial, Dana-Farber Cancer Institute/Intergroupe
Francophone du Myélome (IFM), University of Arkansas for
Medical Sciences Myeloma Institute, and Multiple Myeloma
Research Foundation (IA1-IA9). Data from 1273 patients were
used for analysis.11
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Figure 1. Identification of 0.55 CCF threshold for del17p/TP53 deletion predictive of survival. Kaplan-Meier plot showing OS (A,C) and PFS (B,D) for patients from
discovery cohort (A-B) and replication (RE) cohort (C-D) stratified by high or low CCF value. (E-F) Kaplan-Meier plots were generated for OS (A) and PFS (B) characteristics of
patients in MGP del17p cohort stratified by 0.55 CCF value (hazard ratio [HR], 1.8; Cox P, .15 and HR, 1.5; Cox P, .15 for OS and PFS, respectively). Baseline OS and PFS data
were not available for 1 patient in the CCF.0.55 group. (G)Meta-analysis shows replication of 55%CCF threshold to be an indicator of poor prognosis based onOS and PFS end
points. Numbers on the right of each graph indicate HR and corresponding 95% confidence interval.
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Bone marrow plasma cells were obtained at diagnosis using CD138
selection. FISH analysis was performed on samples with$70% plasma
cells using TP53 gene probes in discovery cohort and independent

replication cohort. Copy number calls alongside CCF calls were
calculated using SClust.13 Other experimental details are described
in supplemental Materials, available on the Blood Web site.
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Figure 2. Nonsynonymous mutations in TP53 are
significantly enriched in population of patients with
confirmed TP53 deletion. (A) Presence of TP53 muta-
tions was examined in delTP53 patients from MGP data
set (n 5 108) stratified by CCF value .0.55 or ,0.55.
Kaplan-Meier plots were generated for OS (B) and
PFS (C) for patients with TP53 mutation (mut) with
CCF .0.55 (red line), patients with wild-type (wt) TP53
with CCF #0.55 (blue line), and patients with TP53wt
with CCF.0.55 (green line). *One-sided Fisher’s exact
test.
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Results and discussion
Discovery and FISH replication cohorts (IFM) included NDMM
patients enrolled in clinical studies from 1999 to 2015 (sup-
plemental Table 1). To understand the relationship between
incremental CCF change and outcome, patients were seg-
mented into 10% increments in CCF range of 0.3 to 0.8. Patients
with CCF.0.8 or,0.3 were excluded from this analysis because
of inadequate numbers. The optimal CCF value range was 51%
to 69%, with 2 optimal cuts identified at 55% and 64% thresholds
(supplemental Figure 1). The lowest CCF threshold was selected
for further analysis. When patients in the discovery data set were
stratified by the CCF threshold of 0.55, patients with lower CCF
had significantly longer overall survival (OS; median, 36 vs
84.1 months) and progression-free survival (PFS; median, 14.3 vs
23.9 months) compared with those with higher CCF (Figure 1A-B;
supplemental Table 2).

CCF threshold robustness was confirmed in a replication cohort
with similar demographics (supplemental Table 1). After strati-
fication on CCF of 0.55 (supplemental Table 2), the higher CCF
subgroup had inferior OS and PFS (median PFS, 17 months;
median OS, 32 months) compared with those with CCF #0.55
(median PFS, 29 months; median OS, 54 months; Figure 1C-D).
Additional analyses were conducted using a CCF threshold of
0.64 (supplemental Figures 2-5), and results were comparable to
those of the 0.55 CCF threshold.

To investigate the effect of high-throughput sequencing–
derived del17p CCF on prognosis, we applied the threshold
established from cytogenetic data to the available genomic data
fromMGP. Kaplan-Meier analyses of OS and PFS in the 2 groups
are shown in Figure 1E-F. Patients with CCF .0.55 had lower
median PFS and OS, as compared with the lower CCF group
(supplemental Table 3). These results demonstrate that analysis
of del17p by molecular genomic approaches separates poor
outcome patients.

We next applied meta-analysis of IFM, replication, and MGP
data using the same selection criteria across cohorts (Figure 1G).
Summary statistics were combined using a meta-analysis frame-
work that used a random-effect model to integrate the variation
across the different populations and derive a single point esti-
mate for the outcome difference in CCF-stratified patients across
all 3 cohorts. On the basis of this framework, we derived a
replication P value denoting the overall agreement in the sum-
mary statistics across the 3 studies.

The proposed CCF threshold was further studied in MGP
double-hit patients and patients with deletions in 1 allele only. In
total, 108 patients had deletions spanning TP53 in the 17p locus,
with 28 patients harboring a mutation in the TP53 gene. When
separated by CCF level, only 1 patient with TP53 mutation had
CCF #0.55 (Figure 2A). In contrast, the number of patients
with wild-type TP53 was well distributed between low and high
CCF groups. We next compared double-hit patients with either
patients with only del17p in the CCF .0.55 group or with pa-
tients with only del17p in the CCF #0.55 group. Double-hit
patients had significantly shorter PFS compared with those with
deletion only, regardless of CCF category (Figure 2B-C). No
significant differences in PFS or OS were observed in the MGP
data set between del17p only patients with higher CCF and

those with lower CCF. However, this could have been due to the
small numbers of patients and events (supplemental Figure 6).

Although the prognostic role of del17p is widely recognized in
MM,4,5 there has not been a systematic examination of the role
of the extent of deletions spanning TP53 in terms of CCF level.
Application of arbitrary CCF cutoffs2 and double-hit phenomena10,12,14

add further complexity to the prognostic impact of subclonal
deletions in TP53. In addition, interaction with tumor (eg, 1q
amplification) and nontumor (patient and immune) parameters
may further influence the prognostic impact of TP53 deletion.
Here, using a large cohort of uniformly analyzed NDMM pa-
tients, we demonstrate that patients with CCF .0.55 have
significantly poorer outcomes as compared with other pa-
tients (Figure 1). Additional analyses using MGP non-del17p
patients showed clinical outcomes comparable to those
of del17 patients with CCF #0.55 (supplemental Figure 7). In
addition, using high-throughput sequencing–based genomic
data, we demonstrate that subclonal TP53 deletions recapitu-
lated the prognostic significance at the same cut point,
suggesting consistency across different platforms. The CCF cutoff
of 0.55 agrees with a recent study where a multiplex ligation-
dependent probe amplification–based assay was used to assess
the prognostic relevance of del17p CCF.15 Several key aspects
differentiate our study from those previously published. We
applied an integrative clinical and genomic approach using an
extensive data set of NDMM patients for whom FISH and/or
genomic data were available. Our data were derived from 3
large data repositories, lowering the probability of a study-
related bias. Our analyses are further strengthened by use of
discovery and replication data sets and application of a uni-
form genomic analysis strategy and confirmatory meta-analysis
approach.

In summary, CCF may be an important parameter in prognostic
evaluation of del17p in NDMM patients. Here, we establish a
robust threshold of 0.55 for the best separation of patients with
poor prognosis. Exceeding this threshold or cooccurrence of
TP53 mutation indicates poor prognosis in double-hit patients.
Our work suggests the feasibility of applying genomic methods
for subclonal analysis of del17p for improved risk stratification of
patients, along with or eventually as a substitute for FISH-based
analyses. We suggest assessment of a del17p CCF threshold
of 0.55 be included in risk assessment for patients enrolled in
clinical trials and used for diagnostic testing in NDMM.
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