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A study of Telomerase Reverse Transcriptase rare variants in

myeloid neoplasia

Abstract

Telomere dysfunctions are associated with several he-
matopoietic stem cell (HSC) malignancies. Recent findings
have indicated that the occurrence of rare variants of
unknown significance (VUS) in the Telomerase Reverse
Transcriptase (TERT) gene influences the outcomes of
patients with myelodysplastic syndromes undergoing
allogeneic HSC transplantation. However, the role of
TERT variants has been historically controversial as
initially considered pathogenic variants (H412Y, A202T)
presenting functional consequences, were found very
frequent in general population questioning their patho-
genicity and risk allele significance. Herein, we show that
overall TERT VUS are non-recurrent in myeloid disorders
and cannot be considered risk alleles individually nor can

their biological impact.

Dear Editor,
The clinical importance of telomere dysfunctions spans from the
frank existence of original telomere syndromes (e.g., dyskeratosis
congenita) to telomere biology disorders (TBD; e.g., aplastic anemia
[AA], idiopathic pulmonary fibrosis, liver cirrhosis).! These conditions,
characterized by a perturbation of the control mechanisms preser-
ving telomere length (TL) and homeostasis, frequently arise from
genetic alterations in telomerase genes (e.g., TERC, Telomerase
Reverse Transcriptase [TERT]).! Indeed, short TL represents a major
factor contributing to genomic instability and leukemia develop-
ment.2 The importance of telomere attrition has also been studied in
the context of hematopoietic stem cells transplantation (HSCT), in
which HSCs are subjected to the stress of several cell divisions to
reconstitute the recipient HSC pool.®

Previous studies have shown that shortened leukocyte TL corre-
lates with poor outcomes in AA*°> and myelodysplastic syndromes
(MDS),° higher progression rates to acute myeloid leukemia (AML), and
increased non-relapse mortality after HSCT.” Although the presence of
certain TERT variants (e.g., H412Y and A202T) was associated with TL
shortening in in vitro assays and shorter TL in patients, these variants
were found at high frequency in the general population. For instance, in
some studies, telomerase variant frequencies in AA were estimated at

1.5%% to 4%’ but some of the putative risk alleles (e.g., H412Y),
correlated with shorter TL and reduced telomerase activity in vitro,
were later found to be more common in general population than in AA
patients.’® Indeed, large genomic datasets of disease and healthy in-
dividuals revealed many variants of unknown significance (VUS) within
telomere machinery genes. However, the limitations of their risk
assessment remain obvious, due to the rarity, differences in pene-
trance and expressivity, disease anticipation, and lack of informative
pedigrees. Consequently, the landscape of genomic variants holding
clinical significance in myeloid neoplasia (MN) is not entirely clear and
it might deserve to undergo further refinements.

We analyzed the results of a TERT mutational screen of coding
regions in a large series of unselected heterogeneous MNs (n = 2560)
outside of the context of HSCT (Figure 1A and Supplemental material).
Variant annotation of genomic sequencing results was performed ac-
cording to in-house developed algorithms for variant calls (Figure S1).
Overall, we identified a total of 73 TERT coding variants. Our filter
criteria included a maximum gnomAD population allele frequency
AF < 0.001 and pathogenicity scores according to The American Col-
lege of Medical Genetics and Genomics (ACMG) and VarSome classi-
fiers. After applying these filters, we identified 37/2560 (1.4%)
individual patients carrying variants which were classified as rare and
VUS (Figure 1A-B). These alterations occurred in the reverse tran-
scriptase domain (RTD, 52%), TERT RNA-binding domain (TRBD)-
Linker region (29%) and C-terminal extension (CTE) domain (19%). No
variant was detected in the essential N-terminal (10) domain. Besides
one splice site (c.2580C > T) and one frameshift (p.Q603KTer15), the
remaining variants were missense. A total of 17 VUS were absent from
gnomAD despite of adequate mean coverage. TERT rare variants were
mainly found in patients diagnosed with MDS and in MN cases
harboring abnormal karyotype (Table 1; Figure 1C). A fraction of pa-
tients (9/37%, 24%) carried the same variant: p.T411A/M (n = 3), p.
R672C (n = 2),p.G822D (n = 2), p.V741IM (n = 2).

A surprisingly high combined prevalence (41/1514; 2.7%) of rare
and non-recurrent germline TERT variants was recently reported in a
cohort of patients with MDS undergoing allogeneic HSCT,*! but none
of the carriers exhibited the typical features of classical telomero-
pathies. Despite the lack of known clinical impact or disease associ-
ation (classified as VUS according to ACMG/Association for
Molecular Pathology guidelines'? and Sherloc criteria®®), these al-
terations led to functional impairment of telomere elongation in vitro

and TL in vivo.'> Our molecular screening conducted on an
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unselected MN population resulted in a much lower frequency of
TERT VUS and very low overlap compared to previous analyses
(Figure S2A).11

We then explored whether the presence of TERT rare variants
would lead to the perturbation of the control mechanisms preserving
TL, thereby causing telomere shortening. Estimation of TL, possible in
12 patients carrying TERT rare variants, did not reveal differences
compared to wild-type cases (n = 1420; Figure 1D) suggesting that
cause-effect of these alterations might be undermined by their low
prevalence.

When accounting for mutational burden, variant allelic fre-
quencies (VAFs) of TERT rare VUS were higher than those of the
most frequent co-occurring mutations such as DNMT3A (median 47
vs. 43; p = 0.01), SF3B1 (median 47 vs. 38; p < 0.0001), and ASXL1
(median 47 vs. 30; p = 0.022; Figure 1E, oncoplot and lower
panels). The heterozygous VAFs of TERT rare VUS is consistent
with the germline nature of these lesions as opposed to the so-
When
compared with a cohort of TERT wild-type cases (n = 1562), pa-

matic origin of the aforementioned co-occurring hits.

tients with TERT rare variants were more likely to harbor mutations

in DNMT3A (p = 0.01), SF3B1 (p = 0.006), and FLT3 (p = 0.003) and
carried a diverse spectrum of other molecular lesions, including
germline VUS of other genes (Figure S2, Tables S1-S2). For
instance, four patients harbored concomitant VUS in BRCA1,
FANCG, SAMDYL and a likely benign SAMD9 variant. These obser-
vations highlight the difficulty in defining VUS-related features and
genotype/phenotype associations in a cohort lacking the “pure”
presence of TERT rare variants.

Myeloid neoplasia patients with young age at disease onset might
also represent a group more likely to carry a strong genetic predispo-
sition. Therefore, we sought to identify a possible germline contribu-
tion of TERT rare variants in terms of disease-specific characteristics.
However, when looking at clinical associations our carriers of TERT rare
variants had a similar median age at MN diagnosis compared to non-
carriers (66 vs. 69.8, p = 0.3856). Nota Bene, the median age of our
cohort was higher than the one reported in the aforementioned HSCT
study,** which is only representative of a small fraction (10%-15%) of
MDS patients according to the demographics of the disease (i.e., ma-
jority of patients are diagnosed at >70 years). No difference was also

found when grouping patients according to age ranges (0-40 and > 40;
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FIGURE 1 Analysis of Telomerase Reverse Transcriptase (TERT) rare variants in myeloid neoplasms (MN) (A) Study design representing
the cohort of patients with MN, selection of a total number of TERT variants and classifiers to identify TERT rare variants with unknown
significance (VUS) (B) Lollipop of TERT rare variants found in our cohort of MN (C) Occurrence of TERT rare variants in MN subtypes (D) Bar
graph showing analysis of telomeres content between patients with and without TERT rare variant (E) Oncoplot of mutations in patients
carrying TERT rare variants and bar graph of the frequency of each mutation in the cohort of patients with all available information (n = 27).
Violin plot showing variant allele frequency (AF) of TERT rare variants and most common mutations (DNMT3A, SF3B1, FLT3, ASXL1) (F) Bar
graph and pie charts show no difference between age at diagnosis and presence of TERT rare variants (G) Kaplan-Meier curves of patients
with and without TERT rare variants showing no difference between the two groups. Propensity score matching (PSM) for age, gender, bone
marrow (M)(M)blast percentage, disease type and cytogenetics was developed to remove confounding bias when comparing survival rates (see
also Supplemental Material and Fig.S3) TERT rare variant, TERT MUT; TERT wild-type, TERT WT
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In sum, our study further expands the knowledge of TERT rare
variants in hematological disorders of myeloid origin. Because of their
rarity, the impact of individual alterations cannot be assessed and
needs to be studied in aggregate to observe any associations with
phenotypes, possibly holding significance only in specific circum-
stances. Indeed, the lack of overlap between our and previous findings
points toward a weak role of these rare VUS as risk alleles overall (i.e.,
outside of the context of younger MDS patients undergoing HSCT). In
the future, the availability of integrative big “omics” data from
worldwide consortia may help unveiling more detailed genotype/
phenotype associations overcoming the pitfalls and the controversies
experienced so far in linking genomic and functional information with

clinical phenotypes and outcomes for such rare genomic instances.
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