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Impact of CHEK?2 germline variants on haematological malignancy
risk and outcomes of allogeneic HSCT

To the Editor,

The significance of germline genetics in haematological ma-
lignancies (HM) is increasingly acknowledged. This has led
to the development of clinical guidelines for recognizing the
risk of hereditary HMs and in selected patients tailoring the
conditioning and graft-versus-host disease (GVHD) proph-
ylaxis undergoing haematopoietic stem cell transplantation
(HSCT)."””

Today, more than 100 genes associated with increased
risk for HM are acknowledged and included in the germ-
line screening panels. Predisposition to cancer is most often
caused by aberrations in genes involved in key cellular
functions, such as DNA damage repair (DDR). Variants in
CHEK?2, a DDR gene, predispose to solid cancer, particularly
breast cancer.®'® Recent data suggest that rare germline
CHEK2 variants may also affect the risk of myeloid HMs.'"*?
Furthermore, we have observed an increased risk for acute
lymphoblastic leukaemia."®

The most studied CHEK2 variants globally,
(NM_007194.4) c.1229del, p. Cys4l0SerfsTer4 and
c470T>C, p. Ile157Thr, show a markedly higher prevalence
in the Finnish population (0.86% and 2.58%, respectively)
compared to non-Finnish populations (0.19% and 0.18%, re-
spectively)."* The ascending role of CHEK2 variants in HM
predisposition and the lack of reports on their impact on the
outcomes of HSCTs prompted us to perform this study.

The patients and analysis methods are described in
Figure 1A; Supporting Information and Table S1. We ana-
lysed data from adult and paediatric patients who under-
went HSCT (n=2877), along with a subset of paired HSCT
donors (1=669). The study cohort comprised three adult
and one paediatric cohort (Figure 1A). We used whole
exome sequencing (WES) data of patient samples and an-
alysed germline variants with a panel of genes predispos-
ing to haematological malignancies (haematology panel)
and solid cancers (oncology panel) as previously described
in Lahtinen et al* (Table S2). To validate our findings, we
used an independent HSCT cohort of patients with single
nucleotide polymorphism (SNP) array data covering the
CHEK?2 c.1229del and c.470T>C (Figure 1A: Adult cohort
3). Furthermore, we used WES and SNP array data avail-
able for the respective HSCT donors (Figure 1A; Table S3).
During data analysis, we focused on variants that can be

reliably analysed using WES and SNP methods. However,
we acknowledge that the detection of intronic variants is a
limitation of our study design.

We analysed overall survival (OS), relapse rates and
non-relapse mortality (NRM) using Kaplan-Meier estima-
tions and log-rank tests. Five patients of 391 with multiple
variants in the WES data and three patients carrying two
CHEK?2 variants identified in the SNP cohort were excluded
from the analyses. Differences in minor allele frequencies
(MAF) between patients, donors and the gnomAD Finnish
non-cancer controls (gnomAD v4.1.0 Finns, n=32 026)!
were assessed using two-sided Fisher's exact tests. Given the
genetic isolation of the Finnish population, gnomAD pro-
vides an adequately powered reference cohort for compar-
ison. The 877 patient samples provided at least 80% power
to detect a twofold increased risk of HMs associated with
CHEK?2 variants.

Germline pathogenic (P) or likely pathogenic (LP) vari-
ants were identified in 3.6% (haematology panel, n=14/386)
and 6.2% (oncology panel, n=24/386) of the patients in the
WES dataset (Table S4). The most prevalent P/LP variants
found in the genes included in the panels were in CHEK2.
Thus, we also included CHEK2 ¢.470C>T in further anal-
yses considering its association with cancer risk, despite
having conflicting classifications of pathogenicity."® Clinical
parameters did not significantly differ between the CHEK2
variant, haematology panel and oncology panel variant car-
riers (Table S5). The proportion of family donors was slightly
lower in patients with a gene variant included in the hae-
matology panel compared to the CHEK2 variant, oncology
panel variant and no variant groups (35.7% vs. 56.8%, 58.3%
and 52.3%, respectively) likely reflecting the inherited na-
ture of the disease (Table S5).

The median follow-up time after HSCT was 46 months
(range: 0-258 months). The OS, relapse rate and NRM among
patients with the CHEK?2 or oncology panel variants did not
differ from those without an identified variant. In contrast,
patients carrying P/LP variants included in the haematology
panel had a significantly lower OS (p=0.021) compared to
patients without identified germline variants (Figure 1B).
The difference in the OS resulted from a combination of ex-
cess NRM and increased relapse rate, but these findings were
not significant (Figure S1). Table S6 presents demographic
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FIGURE 1 Flowchart of the study cohort and overall survival by variant status. (A) The flowchart depicts the formation of the study cohort with
respective genetic data included. (B) Overall survival is calculated for recipients in Adult cohort 1, Adult cohort 2 and Pediatric cohort by WES data

and (C) in all four study cohorts by WES and SNP data. The Kaplan-Meier curve comparing (B) recipients with and without CHEK2, haematology
panel, oncology panel or (C) CHEK2 c.1229del, p.Cys410SerfsTer4 and c.470T>C, p.Ile157 Thr variants. Recipients with a haematology gene variant
showed significantly reduced overall survival compared to those without any variant, as indicated by the log-rank test p-value. There were no significant
differences in overall survival in patients with (B) the oncology panel or CHEK2 variant or (C) the CHEK2 c.1229del or ¢.470T>C variant compared

to those without these variants. Five patients carrying multiple gene variants were excluded from the analysis in the WES dataset and three patients
carrying both CHEK?2 variants were excluded from the SNP dataset. Tick marks indicate censored data. Ns: Not significant; SNP: Single nucleotide

polymorphism; WES: Whole exome sequencing.

data, transplant-related characteristics and the outcome of
patients carrying a P/LP variant in the haematology panel.
We did not detect differences in rates of acute (severe or all
stages) or chronic (extensive or all stages) GVHD between
any of the groups (Figure S2).

When analysing the SNP cohort, we found that 4.9%
(n=24/486) and 9.7% (n=47/486) of patients carried c.1229del
and c470C>T, respectively. We then combined the WES
and SNP datasets for further analyses. In total, we identi-
fied the CHEK?2 ¢.1229del variant in 36/877 (4.1%; 2 homo-
zygous and 34 heterozygous) and ¢.470T>C in 82/877 (9.4%;
5 homozygous and 77 heterozygous) patients (Table 1). The
MAFs were significantly higher in patients than in the gno-
mAD Finnish population control group: 0.022 versus 0.009
(c.1229del, p<0.001) and 0.050 vs. 0.025 (c.470T>C, p <0.001).
Remarkably, the odds ratio for our patients with HM was 2.5

(95% CI, 1.7 to 3.5) and 1.9 (95% CI, 1.5 to 2.4) for c.1229del
and c.470T>C respectively (Table 1). Among acute leukaemia
patients, the prevalence of the CHEK?2 c.1229del variant was
similar in paediatric and adult groups (OR 2.73, 95% CI 1.11-
6.73;and OR 2.54, 95% CI: 1.57-4.10 respectively). In contrast,
the MAF of the ¢.470C>T variant was lower in paediatric pa-
tients (OR 1.27, 95% CI 0.59-2.73) compared to adults (OR
2.15,95% CI: 1.57-2.95), suggesting a potentially weaker asso-
ciation in children. Due to the limited paediatric sample size,
we refrain from making strong conclusions.

A further analysis was conducted on patients carrying ei-
ther CHEK2 ¢.1229del (n=33) or c.470T>C (n=79) variants
(three patients carrying both were excluded from the analyses).
We detected no difference in OS, relapse rate, NRM or GVHD
either within the CHEK2 variant groups or compared to pa-
tients without either variant (Figure 1C; Figures S2 and S3).
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FIGURE 1 (Continued)

Both patients homozygous for the CHEK2 c.1229del
variant died of non-relapse-related causes within the first
year after HSCT. Two of the five patients homozygous for
the ¢.470C>T variant relapsed, leading to the death of one
of them, while four survived until the end of the follow-up
period with a median follow-up time of 5.2 years.

Seventeen (2.5%; 1 homozygous and 16 heterozygous)
and 47 (7.0%; 2 homozygous and 45 heterozygous) of the 669
donors carried CHEK?2 variants c.1229del and ¢.470T>C re-
spectively (Table S3). The prevalence of donors harbouring
the CHEK?2 variants, some of whom were related to patients,
exceeded that observed in the Finnish control population
but fell below the prevalence noted in our patient cohort
(Table 1). We did not find a significant impact on the re-
cipient OS, relapse rate or NRM when comparing donors
with the CHEK?2 variants to those with CHEK2 wild type
(Figure S4). In addition to CHEK?2 variants c.1229del and
c.470T>C, we found three variants in the haematology panel

in three donors and two variants in the oncology panel in six
donors (Table S7). These variants had been identified in the
respective HSCT recipients.

All three patients who received transplants from homozy-
gous CHEK? carriers (one c.1229del and two ¢.470C>T) were
alive at the end of follow-up, with a median follow-up time of
6.5 years with one experiencing relapse during that time.

Patients' or donors' CHEK?2 variants did not have a sig-
nificant impact on the risk of death, relapse rate or non-
relapse mortality in these analyses (Figure S4). The results
of the multivariate survival analysis were consistent with the
acknowledged risk factors associated with HSCT outcomes
(Table S8).

High-quality care for patients with HM involves compre-
hensive genetic analyses and the integration of findings into
clinical practice. Here, we focused on patients harbouring ger-
mline CHEK?2 variants who had undergone allogeneic HSCT
due to HM. Our study consisted of 877 HSCT recipients
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TABLE 1 Enrichment of CHEK2 variants c.1229del, p.Cys410SerfsTer4 and c¢.470T>C, p.Ile157Thr in a cohort of 877 Finnish individuals with
haematological malignancies, compared to their prevalence in the general Finnish population according to gnomAD v4.1.0.
CHEK2 c.1229del, p.Cys410SerfsTer4 Hom Het WT Total MAF OR (95% CI) p-value
Recipients 2 34 841 877 0.022 2.5(1.7-3.5) <0.00001
Acute leukaemia 1 22 512 535 0.022 2.6 (1.7-4.0) <0.0001
Lymphoproliferative disease 0 4 150 154 0.013 1.5 (0.6-4.1) NS
Myeloproliferative disease 1 4 100 105 0.029 2.9 (1.2-7.1) <0.05
Myelodysplastic syndrome 0 4 79 83 0.024 2.9 (1.1-8.0) NS
Donors 1 16 652 669 0.013 1.5 (0.9-2.4) NS
MEFD 0 12 460 472 0.013 1.5 (0.8-2.7) NS
MUD 1 4 192 197 0.015 1.5 (0.6-3.6) NS
gnomAD v4.1.0 (Finnish) 1 547 31473 32021 0.008 - -
CHEK?2 c.470T>C, p.Ile157Thr
Recipients 5 77 795 877 0.050 1.9 (1.5-2.4) <0.00001
Acute leukaemia 3 48 484 535 0.050 2.0 (1.5-2.6) <0.0001
Lymphoproliferative disease 1 12 141 154 0.045 1.7 (1.0-3.0) NS
Myeloproliferative disease 0 13 92 105 0.062 2.6 (1.5-4.7) <0.01
Myelodysplastic syndrome 1 4 78 83 0.036 1.2 (0.5-3.0) NS
Donors 2 45 622 669 0.037 1.4 (1.0-1.9) <0.05
MFD 2 33 437 472 0.039 1.5 (1.1-2.1) <0.05
MUD 0 12 185 197 0.030 1.2 (0.7-2.2) NS
gnomAD v4.1.0 (Finnish) 19 1611 30381 32011 0.025 - -

Note: Odds ratios (ORs) with 95% confidence intervals (Cls) are presented for each allele.

Abbreviations: Het, heterozygous; Hom, homozygous; MAF, minor allele frequency; MFD, matched family donor; MUD, matched unrelated donor; NS, not significant; OR,

odds ratio, WT, wild type.

including 118 with germline CHEK?2 variants. By comparing
with population-matched controls, we demonstrate that carri-
ers of the CHEK2 c.1229del or ¢.470T>C variants have a two-
fold increased risk of developing HMs requiring HSCT. These
findings further support the role of CHEK?2 as one of the most
prevalent inherited risk factors for HM.''™"?

CHEK2 carriership did not significantly affect 5-year post-
HSCT outcomes, including overall survival, the incidence of
GVHD or NRM. This contrasts with findings for other DDR
genes, such as bi-allelic mutations in Fanconi anaemia genes
or DDX41, which have been associated with elevated risks
of post-transplant toxicity and acute GVHD.”” However,
homozygosity for c.1229del may confer an increased risk of
adverse post-HSCT outcomes, which is shown by the early
mortality observed within the first year following trans-
plantation in both patients carrying the homozygous vari-
ant. Although short-term outcomes following HSCT were
favourable for heterozygous CHEK?2 carriers, these variants
may still predispose individuals to an elevated risk of sec-
ondary malignancies with prolonged latency periods. Given
that CHEK?2 is primarily associated with malignancies typ-
ically presenting in adulthood,*° prior findings emphasize
the importance of long-term post-HSCT surveillance to as-
sess the potential impact of CHEK?2 variants on late-onset
complications and secondary cancer development.

Importantly, although CHEK?2 variant carriership was
associated with an increased predisposition to high-risk

HMs, a HSCT from a donor harbouring these variants,
including homozygous carriers, did not negatively affect
HSCT outcomes over the 5-year follow-up period. This
suggests that stem cell donors harbouring CHEK?2 vari-
ants may have a comparatively smaller impact than high-
or intermediate-risk cancer predisposing gene variants
such as DDX41, GATA2 and RUNX1.%" In conclusion, our
findings exemplify the need for gene-specific and possi-
bly even variant-specific studies aimed at the optimal in-
tegration of germline genetics into haematology clinical
practice.
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