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Dear Editor,
The association between leukocyte telomere length (LTL) and

cancer risk has been studied, with conflicting results [1]. One
potential reason is heterogeneity in the study design and
methodology to measure LTL. Retrospective and prospective
studies tend to show different results, which could be caused by
reverse causation bias [1].
LTL is genetically determined, and several studies used a

polygenic score combining eleven single nucleotide polymorph-
isms (SNPs) as proxies for LTL measurement. The results of these
studies are more homogeneous and show a trend towards longer
genetically determined LTL (gdLTL) and increased risk of several
cancers [1, 2]. More recently, our knowledge of the genetics of LTL
has improved, with genome-wide association studies (GWAS)
identifying 158 independent SNPs [3].
For multiple myeloma (MM) three studies have been published

either using PCR-based methods for measuring directly LTL, or
using SNPs as proxies showing a consistent effect of longer LTL
and increased risk [4–6]. However, the role of LTL was not
investigated in relation to monoclonal gammopathy of undeter-
mined significance (MGUS). MGUS is an asymptomatic precursor
of MM, defined by early clonal plasma cell expansion. MM and
MGUS partially share genetic susceptibility [7]. All MM cases are
thought to develop from MGUS, but only a small fraction of MGUS
progresses to MM [8].
We investigated the role of gdTL in MGUS onset and

progression to MM using SNP scores (hereafter called teloscores).
Furthermore, considering that LTL has also been suggested to
affect cancer survival, we tested the teloscores for association with
MM overall survival (OS) [9].
This study was carried out within the International Lymphoma

Epidemiology Consortium (InterLymph), [7]. We used 746 MGUS
cases and 879 controls, and 2066 MM cases (1019 with survival
data) and 2050 controls (supplementary material). All individuals
were of European ancestry. Isotype information was available for
530 (71%) of the MGUS cases (supplementary material). A subset
of 69 MGUS had available information on progression to MM
(follow-up time and date of progression). Follow-up time was
defined from the date of MGUS detection to date of MM diagnosis
(progressors) or date of last known follow-up or death (non-
progressors). Follow-up time for MM OS was defined from the
date of MM detection to date of death or of last known follow-up.
Genotyping was performed with SNP arrays by Affymetrix and
Illumina. Genotype data were subjected to standard quality
control measures and imputed. Additional information about

study participants, genotyping and quality control is available in
the supplementary material.
We computed two teloscores: one, including 38 SNPs identified

through eight GWAS (basic score), and one consisting of the basic
teloscore augmented with 115 SNPs identified by a single study
carried out in UK Biobank (extended teloscore) [3]. We decided to
use both scores because the extended score, even if consisting of
more SNPs, was obtained predominantly from the UKBB and
might be enriched for alleles that are specific only to UK.
Therefore, we wanted to compare the performances and
concordance of the two methods. The list of the selected SNPs
is reported in the supplementary material.
An unweighted and a weighted score was built for each

individual, for both the basic and the extended teloscore. The
unweighted teloscore was computed by adding up the number of
alleles associated with longer telomeres (according to the results
of the literature). The weighted teloscore was computed by
multiplying the number of alleles associated with LTL by their
betas reported in the literature. The weighted score could reflect
better the effect of each individual SNP without an overestimation
of SNPs with low effect, however the unweighted score is easier to
understand since it is only based on the allele count and makes
the results more interpretable. All the teloscores were calculated
only in subjects with a 100% call rate (MGUS: 746 cases and 879
controls; MM: 2066 cases and 2,050 controls for the basic teloscore
and 1851 cases and 1606 controls for the extended teloscore). For
MM survival analyses, the teloscores were computed for all the
individuals with complete data on ISS stage and OS (n= 1019)
with an average follow-up of 61.2 months (25%: 31.0, 75%: 84.2).
The scores were categorized in quintiles based on their

distribution in the controls, whereas for survival analysis the quintiles
were computed based on the distribution in all individuals with ISS
stage and OS data. The association between the quintiles and MGUS
and MM risk was tested with logistic regression. MGUS isotypes were
classified according to a risk score, using the Mayo Clinic model, and
analyzed in relation to progression to MM [10]. Sensitivity analysis of
the association between gdLTL and MGUS risk was performed
removing known MGUS progressors to MM (n= 69) to ensure that
MGUS progressors were not driving the association. The progression
of MGUS to MM was analyzed through logistic regression using non-
progressed MGUS as controls. Additional subgroup analyses
considering other risk factors using the Mayo Clinic model were
also carried out [10]. All analysis on MGUS progression should be
considered exploratory, given the low number of individuals
employed. Survival analysis of MM cases was done using Cox
regression. In all analyses, the first quintile (i.e., the individuals with
the shortest telomere length) was used as the reference, with sex,
age, subpopulation, the top 10 principal components, and ISS stage
(only for survival analyses) as adjustment variables.
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We observed an increased MGUS risk between the individuals
with the longest gdLTL compared to those with shortest gdLTL.
The association of the basic teloscore was statistically significant
for the weighted teloscore (OR= 1.51, 95% CI 1.09–2.11,
P= 0.015), but the P value did not reach the statistical significance
threshold in the extended teloscore (OR= 1.35, 95% CI 0.97–1.86,
P= 0.071). The unweighted teloscores showed the same trend,
without statistically significant associations (Tables 1 and 2).
Similar results were obtained with the analysis restricted to non-
progressor MGUS cases, without statistical significance (supple-
mentary materials). None of the teloscores were associated with
progression status (Table 1) and also the analysis using the Mayo
Clinic model [10] did not provide reliable results (supplementary
material).
There was a consistent association between longer gdLTL and

increased MM risk, in both unweighted scores (Table 1). Similar
results were obtained with the weighted score, although the
associations were not formally significant (Table 2).
An association between longer gdLTL and longer survival in

1019 MM cases was observed only for the unweighted extended
score (Tables 1 and 2). Supplementary Fig. 1 reports the Kaplan-
Meier curve of the highest vs lowest quintile of the analysis of MM
OS using the extended score.
Taken together, the results confirm the association of longer

gdLTL with increased risk of developing MM [6]. Our findings are
consistent with other studies conducted using gdLTL as marker for
cancer risk and progression [1, 2]. A common explanation of the
association between long LTL and increased risk of developing
cancer is that longer LTL are potential markers of cells with greater
division potential, making them more susceptible to acquiring
new mutations that could promote malignant transformation [11],
rather than an intrinsic effect of longer versus shorter telomeres.
This could be particularly relevant for pre-malignant conditions
such as MGUS.
In this study, we report for the first time an association between

longer gdLTL and risk of developing MGUS, that was statistically
significant in the unweighted basic teloscore suggesting that LTL
may play a role in the chance of developing MGUS and the
following progression towards MM. Nakao and colleagues
identified an association between longer LTL and increased risk
of clonal hematopoiesis of indeterminate potential which is a
precursor of several myeloid malignancies [12]. Thus, our
observation strengthens the relation between preneoplastic
conditions and blood malignancy risk through telomere length.
However, we did not observe any association for the MGUS
progressors vs. non-progressors, probably due to the limited
number of MGUS progressors that were included in this study.
Additionally, no statistically significant differences in teloscore
medians across different MGUS isotypes were observed, nor did
teloscores vary significantly with disease progression status.
We observed a statistically significant association between

longer gdLTL in the unweighted extended teloscore and better
MM survival. This association is in line with the results observed in
a study conducted in the context of the International Multiple
Myeloma Research (IMMEnSE) consortium [6].
Limitations of this study include the European origin of all

study subjects, which makes it difficult to generalize the results to
other ethnicities, as well as the relatively small number of
individuals in some of the analysis that were carried out,
particularly the MGUS cases progressing to MM. Furthermore,
the lack of smoldering myeloma patients in our dataset also
represents a possible limitation to the understanding of the effect
of gdLTL in the natural history of the disease. Additionally, using
SNPs instead of direct PCR-based methods, even though it
decreases possible bias, captures only a modest fraction of the
variance of the trait.
In conclusion, we suggest that longer gdLTL may be a marker

for MM risk, possibly increasing the risk of developing MGUS, and

that longer telomeres are potentially associated with improved
survival in MM patients.
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