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Abstract

Donor clonal hematopoiesis may be transferred to the recipient through allogeneic hematopoietic stem cell transplantation
(HSCT), but the potential for adverse long-term impact on transplant outcomes remains unknown. A total of 744 samples
from 372 recipients who received HSCT and the corresponding donors were included. Bar-coded error-corrected sequencing
using a modified molecular inversion probe capture protocol was performed, which targeted 33 genes covering mutations
involved in clonal hematopoiesis with indeterminate potential (CHIP) and other acute myeloid leukemia-related mutations. A
total of 30 mutations were detected from 25 donors (6.7%): the most frequently mutated gene was TET2 (n=7, 28%), followed
by DNMT3A (n=4, 16%), SMC3 (n=3, 12%) and SF3B7 (n=3, 12%). With a median follow-up duration of 13 years among survivors,
the presence of CHIP in the donor was not associated with recipient overall survival (P=0.969), relapse incidence (P=0.600) or
non-relapse mortality (P=0.570). Donor CHIP did not impair neutrophil (P=0.460) or platelet (P=0.250) engraftment, the rates
of acute (P=0.490), or chronic graft-versus-host disease (P=0.220). No significant difference was noted for secondary
malignancy following HSCT between the two groups. The present study suggests that the presence of CHIP in allogeneic stem
donors does not adversely affect transplant outcomes after HSCT. Accordingly, further study is warranted to reach a clearer
conclusion on whether molecular profiling to determine the presence of CHIP mutations is necessary for the pretransplant
evaluation of donors prior to stem cell donation.

abnormalities is known to increase the risk of hematologic
malignancy.? CHIP-related mutations within genes such as

Introduction

Clonal hematopoiesis with indeterminate potential (CHIP)
constitutes a part of the biological aging process,' and
comprises the acquisition of somatic mutations in hema-
topoietic stem cells (HSC). The presence of CHIP in
healthy individuals without any evidence of hematologic

DNMT3A, or TET2 can be detected in up to 95% of healthy
individuals with a median age of 50 years when sequenc-
ing depth is enhanced up to 100,000x coverage,® which is
at least a thousand times deeper (84x coverage) than that
used in the original study which first described the CHIP*
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Nowadays, CHIP is no longer considered a rare phenom-
enon in healthy individuals, although its biological con-
sequences are still under investigation.

In the context of allogeneic hematopoietic stem cell
transplantation (HSCT), the potential transfer of CHIP from
donor to recipient may raise concerning implications. An
early anecdotal report described transfer of CHIP-mutated
HSC to recipients through HSCT.® Another study suggested
an increased risk of poor graft function with HSCT transfer
of CHIP hematopoiesis.® These reports prompted further
investigation into whether donors carrying CHIP are ac-
ceptable for HSC donation, and it remains unclear
whether the use of HSC from donors carrying CHIP cor-
relates with delayed engraftment of HSC after HSCT.

In addition to engraftment, the impact of the presence of
CHIP in donors (“donor CHIP”) on long-term outcomes fol-
lowing allogeneic HSCT remains to be fully elucidated, in-
cluding overall survival, relapse incidence or non-relapse
mortality (NRM).”® Oran et al.® reported that donor-derived
CHIP does not increase the risk of relapse, NRM or survival
after allogeneic HCT, while Frick et al.” reported somewhat
contradicting results, showing reduced incidence of re-
lapse/progression when transplanted with donors with
CHIP.

It is a matter of debate whether donor CHIP increases the
risk of graft-versus-host disease (GvHD) following HSCT.
Frick et al.” reported that patients who received HSC from
a donor with CHIP had a comparatively higher incidence of
chronic GvHD (cGvHD) compared to those having a donor
without CHIP, while the risk of acute GvHD (aGvHD) was not
different between the two groups. In contrast, Oran et al.®
reported no difference in the risk of cGvHD according to the
presence of CHIP in donors but found a higher risk of aGvHD
in recipients of a donor with CHIP. This debate also
prompted us to evaluate the impact of donor CHIP in detail
not only on a/cGvHD incidence, but also on the severity and
the extent of organ involvement by a/cGvHD.

Interestingly, other work has suggested that the presence
of CHIP is associated with an increased risk of solid tumors.
CHIP is more prevalent in patients with solid tumors, with
a prevalence of approximately 30% in the blood of solid
tumor patients compared with the general population.® A
study of paired tumor/blood sequencing was performed in
a large cohort of 8,810 patients with non-hematologic
cancer using deep coverage. Although it was not completely
clear whether shared risk factors, such as smoking, existed
between solid cancer and CHIP, it suggested a potential re-
lationship between CHIP and the risk of solid cancer.®
Therefore, we examined whether donor CHIP was associ-
ated with the risk of secondary malignancy (SM) in HSCT
recipients within our cohort. Given that the present study
has a long follow-up duration of 13 years, this work pres-
ented a unique opportunity to evaluate whether donor CHIP
affected the incidence of SM after allogeneic HSCT.
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Methods

Summary of the cohorts and transplant outcomes

A total of 744 samples were included from 372 recipients
who received allogeneic HSCT from 2000 to 2007 at the
Princess Margaret Cancer Center, Toronto, Canada, and the
corresponding donors. GvHD prophylaxis and supportive
care adhered to previously described institutional pol-
icies.®™? Genomic DNA samples from consenting donors
and recipients were archived from blood samples taken 2-
3 weeks prior to HSCT. This study was approved by the In-
stitutional Ethics Board at the Princess Margaret Cancer
Center. Patient characteristics are summarized in Table 1:
male 59.9% (n=223); median age 48 years (range, 17-71); pre-
dominant use of myeloablative conditioning (n=267, 71.8%),
HLA-matched related donor (n=272, 731%) and peripheral
blood stem cells as a source of stem cells (n=259, 69.6%).

Bar coded error-corrected sequencing for CHIP

detection

For the detection of CHIP, bar-coded error-corrected se-
quencing method was used which is a modified molecular
inversion probe capture protocol,” performed at the Weis-
mann Institute of Science (Rehovot, Israel). Details are
provided in the Online Supplementary Appendix. In sum-
mary, we designed probes targeting 33 genes covering
CHIP-related mutations along with other mutations related
to AML: FLT3/ITD, NPMic and CEBPA. The list of genes tar-
geted is presented in the Online Supplementary Table ST.
Bar-coded next-generation sequencing (NGS) library was
generated and processed for sequencing with a 150 bp
pair-end mode (NovaSeq, Illumina). Somatic variant calling
analysis was performed using a customized computational
pipeline® CHIP mutations were confirmed if they were
present with variant allele frequency (VAF) >0.005 in two
technical duplicates, with the addition of other filters as
described in Online Supplementary Appendix.™

Definition of statistical endpoints

The day of the stem cell infusion was defined as day O.
Overall survival (OS) duration was calculated as the time
from day O until death from any cause or last follow-up.
NRM was defined as the event of death not related to dis-
ease recurrence or progression. Recurrence was defined
as recurrence of primary disease following HCT. Engraft-
ment after HCT was determined as a peripheral neutrophil
count of 20.5x10%/L for 3 consecutive days, and a platelet
count of 220x10%/L for at least 3 consecutive days without
requiring transfusions or growth factor support. aGvHD
and cGvHD were diagnosed and graded using the aGvHD
consensus conference criteria®™ and the NIH consensus
criteria for cGvHD."* Documentation of secondary malig-
nancy (SM) in the BMT in-house database was captured
and summarized for tumor type, tumor site, tumor stage,
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the time from day O to diagnosis of SM, and the presence
of active GvHD at the time of diagnosis of SM."”

Statistical analysis

Patient baseline demographic and disease characteristics
as well as transplant procedures are presented with de-
scriptive statistics (Table 1) and were compared according
to the presence of donor CHIP using chi-square test for
categorical variables and Wilcoxon rank-sum test for con-
tinuous variables.

For OS, Kaplan-Meier method was used using the log-rank
test, while Cox proportional hazard model was used for
univariate and multivariate analysis. For the cumulative
incidence analysis of relapse, NRM, engraftment of neu-
trophil/platelet, aGvHD, cGvHD or SM, Gray method was
applied considering the competing events as appropriate.
For example, the incidence of SM was defined as time
from day O until documented date of clinical diagnosis of
SM or last follow-up considering death not related to SM
or relapse of primary disease as competing events. The
Fine-Gray proportional hazard regression model was used
for univariate and multivariate analysis of cumulative inci-
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dence. For multivariate analysis, stepwise selection proce-
dure was applied including all variables significant in uni-
variate analysis at P value <0.1. The presence of donor CHIP
variable was mandated for inclusion in the final model
throughout the study. Hazard ratio (HR) and 95% con-
fidence interval (Cl) were estimated using a predetermined
reference risk of 1.0. P values of <0.05 were considered
statistically significant. For statistical analyses, R statistical
software 3.5.0 (the R Foundation for Statistical Computing,
Vienna, Austria; available at http:/www.r-project.org) and
EZR (Saitama Medical Center, Jichi Medical University, Sai-
tama, Japan) were used. EZR (version 1.41) is a modified
version of R commander18 (http:/www.jichi.ac.jp/saitama-
sct/SaitamaHP.files/statmedEN.html).

Results

Detection of clonal hematopoiesis-related mutation in
donors and recipients

The mean on-target sequencing coverage was 8,540x. All
sequencing data included in this study have been up-

Table 1. Demographic, disease, and transplantation characteristics of recipients according to the presence of donor CHIP.

Patients, N (%) CHIP in donor (N=25) No CHIP in donor (N=347) P
Donor age in years, median (range) 55 (24-70) 48 (11-75) 0.074
Recipient age in years, median (range) 51 (21-65) 47 (17-71) 0.158
Recipient sex 1.000
Male 15 (60.0) 208 (59.9)
Female 10 (40.0) 139 (40.1)
Diagnosis 0.594
Aplastic anemia 1(4.0) 15 (4.3)
AML/MDS/MPN 13 (52.4)/0 (0)/1 (4.0) 125 (36.0)/28 (8.1)/19 (5.5)
ALL/CLL/NHL 1 (4.0)/1 (4.0)/5 (20.0) 50(14.4)/24 (6.9)/42 (12.1)
CML/MM/Othert 3 (12.0)/0 (0)/0 (0) 36 (10.4)/4(1.2)/4 (1.2)
Conditioning regimen by intensity 1.000
MAC 18 (72.0) 249 (71.8)
RIC 7 (28.0) 98 (28.2)
Source of stem cells 0.270
Bone marrow 10 (40.0) 103 (29.7)
PBSC 15 (60.0) 244 (70.3)
Donor type 0.049
HLA-matched related donor 16 (64.0) 256 (73.8)
HLA-matched unrelated donor 4 (16.0) 70 (20.2)
Alternative donor 5(20.0) 21 (6.1)
TBI 0.630
No TBI 7 (28.0) 82 (23.6)
TBI (either low dose or myeloablative dose) 18 (72.0) 265 (76.4)
GvHD prophylaxis 1.000
No TCD 22 (88.0) 303 (87.3)
TCD 3(12.0) 44 (12.7)

tOther diseases include prolymphocytic leukemia (N=1), NK-cell leukemia (N=1) and chronic eosinophilic leukemia (N=2). CHIP: clonal hema-
topoiesis of indeterminate potential; AML: acute myeloid leukemia; MDS: myelodysplastic syndrome; MPN: myeloproliferative neoplasm; ALL:
acute lymphoblastic leukemia; CLL: chronic lymphocytic leukemia; NHL: non-Hodgkin lymphoma; MM: multiple myeloma; CML: chronic mye-
loid leukemia; MAC: myeloablative conditioning; RIC: reduced-intensity conditioning; PBSC: peripheral blood stem cell; HLA: human leukocyte
antigen; TBI: total body irradiation; GvHD: graft-versus-host diseases; TCD: T-cell depletion.
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loaded into the European Nucleotide Archive. Read pro-
cessing and variant calling procedures were performed as
previously published. Detailed descriptions are provided
in Online Supplementary Appendix.

Analysis of 744 samples from 372 donor-recipient pairs, a
total of 92 mutations were detected, of which 25 muta-
tions came from 25 donors (6.7%) (Figure 1A). TET2 was
the most frequently mutated gene in donors (n=7, 28%),
followed by DNMT3A (n=4, 16%), SMC3 (n=3, 12%), and
SF3B1 (n=3, 12%). In the recipients, 67 mutations were de-
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tected from 55 recipients (18.0%). DNMT3A was the most
frequently detected mutation in 16 recipients, followed by
TET2 (n=7). The median number of mutations was 1 (range,
0-1) in donors, and 1 (range, 0-3) in recipients, while
median mutation VAF was 1.86% (range, 0.62-48.7%) in
donors and 13.1% (range, 0.62-94.4%) in recipients.

When recipient characteristics were compared according
to donor CHIP status as shown in Table 1, no difference
was found between the two groups with respect to diag-
nosis, conditioning regimen intensity, source of stem cells,
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Figure 1. Donor CHIP and survival outcomes (N=372). (A). Frequency and type of clonal hematopoiesis of indeterminate potential
(CHIP) mutation detected in donors and recipients (n=372). (B) Overall survival according to the presence of donor CHIP (n=372).
(C) Cumulative incidence of relapse according to the presence of donor CHIP (n=372). (D) Cumulative incidence of non-relapse
mortality according to the presence of donor CHIP (n=372). HR: hazard ratio; yrs: years.
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donor type or GvHD prophylaxis. Of note, a statistical
trend was found towards a higher age in donors with
CHIP-related mutation (median 55 years) compared to do-
nors without it (median 48 years; P=0.074 by Mann-Whit-
ney U-test).

Overall outcomes following allogeneic hematopoietic
stem cell transplantation

With a median follow-up duration of 13 years (range, 0.3-
18.2 years) in the whole group, the 10-year rate of OS, re-
lapse and NRM were 41.4% (95% Cl: 36.4-46.4), 23.8%
(95% Cl: 19.6-28.3) and 37.6% (95% Cl: 32.7-42.6), respect-
ively (Online Supplementary Figure S7). Median day of neu-
trophil and platelet engraftment was 19 (range, 18-20) and
15 (range, 14-17), while the cumulative incidence of neu-
trophil and platelet engraftment at day 30 was 91.4% (95%
Cl: 88.0-93.8) and 81.5% (95% CI: 77.1-85.1), respectively.
The cumulative incidence of any grade of aGvHD at day
100 and cGVHD at 3 years was 77.3% (95% Cl: 72.6-81.2%)
and 62.9% (95% Cl: 57.8-67.6) (Table 2), respectively. The
incidence of SM at 13 years was 14.3% (95% CI: 10.6-18.4).

No impact of donor CHIP on long-term outcomes
following allogeneic hematopoietic stem cell
transplantation including overall survival, relapse or
non-relapse mortality

We next examined long-term outcomes following HSCT
according to the presence of donor CHIP. Consistent with
the results from the other studies, we did not find any
significant difference in OS, relapse or NRM between the
two groups. The 10-year OS rate was not different be-
tween the donor CHIP (48.0%) and no donor CHIP group
(41.0%), HR=1.010; 95% CI: 0.599-1.706; P=0.969. The 10-
year cumulative incidence of relapse was not different be-
tween the donor CHIP (16.0%) and no donor CHIP group
(24.4%), HR=0.788; 95% Cl: 0.323-1.918; P=0.60. In addition,
the presence of CHIP in donors was not associated with
10-year NRM: 36.0% in the CHIP group compared to 37.7%
in the no CHIP group, HR=1.197; 95% CI: 0.639-2.242;

K.H. KIM et al.

P=0.570 (Figure 1B-D; Online Supplementary Table S2),
which was confirmed in multivariate analysis (Figure 2A).

No impact of donor CHIP on engraftment kinetics of
neutrophils or platelets following allogeneic
hematopoietic stem cell transplantation

A previous study reported that donor cell-derived CHIP is
common amongst recipients who developed unexplained
cytopenia after allogeneic HCT.® Thus, we hypothesized that
HSC from donors with CHIP could adversely affect engraft-
ment kinetics after allogeneic HSCT, thus increasing the
risk of graft failure.® We examined median day of engraft-
ment and the cumulative incidence rate of engraftment at
30 days after HSCT. Median day of neutrophil engraftment
was 19 days (range, 14-24) in the donor CHIP group versus
19 days (range, 16-23) in the no donor CHIP group (data not
shown). The cumulative incidence of neutrophil engraft-
ment by day 30 was 88.0% in the donor CHIP group versus
91.6% in no donor CHIP group HR=0.843; 95% CIl: 0.534-
1.331; P=0.460. When considering other clinical risk factors
associated with neutrophil engraftment in multivariate
analysis, donor CHIP was not an adverse risk factor for de-
layed neutrophil engraftment (Figure 2B; Online Supple-
mentary Table S3).

Median day of platelet engraftment was 15 days (range, 11-
25) in the donor CHIP group versus 14 days (range, 11-23) in
the no donor CHIP group. The cumulative incidence of pla-
telet engraftment by day 30 was 72.0% in the donor CHIP
group versus 82.1% in the no donor CHIP group HR=0.751;
95% ClI: 0.461-1.224; P=0.250. Again, when considering other
clinical risk factors associated with platelet engraftment,
the presence of donor CHIP was not found to increase the
risk of delayed platelet engraftment in multivariate analysis
(Figure 2B; Online Supplementary Table S3).

No impact of donor CHIP on the risk of overall graft-
versus-host disease and organ specific graft-versus-host
disease

The present study also evaluated the impact of the pres-

Table 2. Summary of transplant outcomes in the overall population and according to the presence of donor CHIP.

Outcomes, % (95% CI) (ON‘LZr_?;l) CHTNI:;:;“N No C:-Ih:::;z_,(;onor P

10-year OS 41.4 (36.4-46.4) 48.0 (27.8-65.6) 41.0 (35.7-46.1) 0.969
10-year relapse 23.8 (19.6-28.3) 16.0 (4.8-33.1) 24.4 (20.0-29.0) 0.600
10-year NRM 37.6 (32.7-42.6) 36.0 (17.8-54.7) 37.7 (32.6-42.9) 0.570
Day 30 neutrophil engraftment 91.4 (88.0 -93.8) 88.0 (64.0-96.4) 91.6 (88.2-94.1) 0.460
Day 30 platelet engraftment 81.5(77.1-85.1) 72.0 (48.8-86.0) 82.1 (77.7-85.8) 0.250
Day 100 aGvHD 77.3 (72.6-81.2) 80.0 (56.3-91.7) 77.1 (72.2-81.2) 0.490
3-year cGvHD 62.9 (57.8-67.6) 48.0 (26.9-66.3) 64.0 (58.7-68.8) 0.220
13-year secondary malignancies 14.3 (10.6-18.4) 0 (3.0-25.2) 14.8 (11.0-19.2) 0.370

Cl: confidence interval; CHIP: clonal hematopoiesis of indeterminate potential; OS: overall survival; NRM: non-relapse mortality; aGvHD: acute

graft-versus-host disease; cGvHD: chronic GvHD.
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ence of donor CHIP on the risk of aGvHD and cGVHD. The
presence of donor CHIP was not associated with the inci-
dence of grade 1-4, 2-4 or 3/4 aGvHD. Similarly, aGvHD
grade was not statistically different between the two
groups (Figure 3). The incidence of grade 1-4 aGvHD at day
100 was 80.0% in the donor CHIP group versus 77.1% in the
no donor CHIP group (P=0.490); grade 2-4 aGvHD was
77.0% in the donor CHIP group versus 69.1% in the no
donor CHIP group (P=0.30). Likewise, there was no differ-
ence in grade 3/4 aGvHD between the two groups
(P=0.110). In terms of the organ involvement by aGvHD, no
difference was noted between the two (Online Supple-
mentary Table S4; Online Supplementary Figures 3 and
S4A).

The donor CHIP group showed a trend toward lower inci-
dence of 3-year cGvHD. The CHIP group showed 48.0% of
cGvHD which was lower than that in the no CHIP group
showing 64.0% of cGvHD incidence at 3 years (P=0.220).
However, in multivariate analysis, the presence of donor
CHIP was not associated with cGvHD (Figure 2C). The dis-
tribution of cGvHD severity was similar between the two
groups (P=0.389; Figure 3). cGvHD organ involvement was
not also significantly different between the two groups
(Online Supplementary Table S4). Multivariate analyses
confirmed that the presence of donor CHIP was not as-
sociated with the risk of acute or chronic GvHD (Online
Supplementary Tables S4 and S5; Online Supplementary
Figure S3 and S4B).

The risk of secondary malignancies following allogeneic
hematopoietic stem cell is not associated with the
presence of CHIP in donor

With a median follow-up duration of 13 years, we ident-
ified 56 cases (15.1%) of SM after HSCT, with a median la-
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tency of 8.4 years from HSCT (Online Supplementary
Table S6). The most common types of SM were non-mel-
anoma skin (n=27, 48%), lung (n=5, 8.9%), prostate (n=5,
8.9%), and hematological cancers (n=5, 8.9%; Figure 4).

Acute GvHD Chronic GvHD
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Figure 3. Development and severity of acute/chronic graft-ver-
sus-host disease according to the presence of CHIP in the
donor (N=372). GvHD: graft-versus-host disease; CHIP: clonal
hematopoiesis of indeterminate potential.
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Figure 4. Secondary malighancies after allogeneic hematopoietic stem cell transplantation (N=372). CHIP: clonal hematopoiesis

of indeterminate potential.
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The cumulative incidence of SM was 8.9% at 10 years and
16.0% at 15 years post-HSCT, respectively.

Out of 56 patients with a confirmed diagnosis of SM post-
HSCT, only two patients were in the donor CHIP group:
two patients had received HSCT from a donor carrying
CHIP (n=2/25, 8.0%), while the remaining 54 patients re-
ceived HSCT from a donor without CHIP (n=54/347, 15.6%).
Due to the small number of patients who developed sec-
ondary malignancies and the donor CHIP group, it was dif-
ficult to obtain reliable statistical measures. The
cumulative incidence of SM at 13 years was 6.0% in the
CHIP group versus 14.8% in the no CHIP group.

The two cases diagnosed with SM after HSCT received
from a donor carrying CHIP developed non-melanoma
skin cancer (n=2) at 13 years and 11 years after HCT, re-
spectively. The CHIP-related mutations in the donors
were TET2 (n=1) and EZH2 (n=1), and their HCT indications
were AML and NHL, respectively (Online Supplementary
Table S7).

Discussion

Allogeneic HSCT involves the transfer of HSC from the
donor to the recipient for reconstitution of
hematopoiesis.® Therefore, there are concerns that CHIP
mutations from the donor may be engrafted to the recipi-
ent through allogeneic HSCT and may affect clinical out-
comes after HCT adversely. Previous work has shown that
CHIP clones are associated with chronic inflammation and
tissue damage.?*2®> Donor monocytes and immune cells
derived from engrafted HSC carrying CHIP could theoreti-
cally promote pro-inflammatory cytokine production and
altered epigenetic regulation, thus potentially provoking
alloreactivity and GvHD.>*?¢ This led to concerns that the
risk of GvHD and other post-transplant complications
might increase when HSC from a donor carrying CHIP are
used for HSCT. "8 In addition, it was unclear whether HSC
from donors with a CHIP-related mutation could affect
long-term outcomes of survival, NRM, GvHD and other
measures such as engraftment and SM. If the presence of
CHIP is concluded to affect transplant outcomes, genetic
testing of CHIP should be a part of donor evaluation prior
to stem cell donation or prior to donor selection for HSCT.
The current study concluded that i) the presence of CHIP
in donors does neither reduce OS nor increase risk of re-
lapse or NRM with the observation duration of 13 years of
follow-up (range, 0.3-18.2 years); ii) the presence of donor
CHIP does not impair engraftment of neutrophil or platelet
after HSCT; iii) donor CHIP does not seem to increase the
risk of aGvHD or cGvHD; iv) donor CHIP does not increase
the risk of SM following HSCT. Accordingly, our result does
not support the use of molecular tests to detect donor
CHIP mutations during predonation testing.

K.H. KIM et al.

Previous work reported that patients with CHIP prior to
autologous stem cell transplantation (ASCT) had adverse
survival after ASCT compared to those without CHIP.?” The
same study demonstrated an increased risk of therapy-
related myeloid neoplasm (TMN) in patients carrying CHIP.
In addition, an increased risk of NRM, but not risk of re-
lapse, was found to be associated with both higher allele
burden and a greater number of CHIP mutations. However,
allogeneic HSCT, which may include the transfer of CHIP
from healthy donors to recipients, differs from ASCT for
several reasons. Donor HSC carrying CHIP will not have
been exposed to cytotoxic agents during the HSCT proce-
dure but instead face different and likely stronger immu-
nologic cellular stressors.?8-3° |In addition, in contrast to
ASCT, where HSC carrying CHIP were prepopulated in the
marrow prior to ASCT, more time for donor HSC carrying
CHIP will be required to expand and become a predomi-
nant clone in a new marrow niche of the allogeneic re-
cipient.” Thus, the prognostic impact of donor CHIP on
long-term outcomes following allogeneic HSCT would not
be as robust as that after ASCT. Boettcher et al.”® reported
that, in the cases of donor-engrafted CHIP, there was a
significant increase in clonal size of CHIP as measured
with VAF in recipients after HSCT. However, this increase
in VAF was only relatively modest (i.e., 2.3-fold in median
VAF between donors and recipients, with VAF in most re-
cipients being ~0.1). This finding indicates transfer of a
single CHIP clone, although it is engrafted in the recipient,
does not seem to repopulate quickly and dominate recipi-
ent’s hematopoietic system quickly.* Thus, there remains
uncertainty on the fate of donor CHIP after transfer to
donor hematopoietic system following allogeneic HSCT.
Similarly to the two previous studies,”® our study con-
firmed lack of prognostic impact of donor CHIP on OS
(P=0.969) or NRM (P=0.570) following HSCT, concluding
that the presence of donor CHIP does not increase the
risk of overall mortality or NRM after HSCT. Also, in ac-
cordance with the previous work,” the presence of donor
CHIP does not negatively affect platelet engraftment rate
or engraftment speed following HSCT.

The impact of donor CHIP on relapse risk remains contro-
versial. Frick et al.” reported reduced risk of relapse in re-
cipients transplanted from a donor with CHIP (HR=0.633;
95% ClI: 0.41-0.98; P=0.042), while Oran et al.® reported no
impact of donor CHIP on relapse risk (HR=0.97; 95% CI: 0.6-
1.5; P=0.9), which is in agreement with our result (HR 0.788;
95% Cl: 0.323-1.918; P=0.60). The protective effect of donor
CHIP from relapse risk observed in the Frick et al’s study’
can be explained with the finding of higher incidence of
cGvHD in patients transplanted with donor CHIP compared
to others (HR=1.65; 95% Cl:115-2.36; P=0.008). However,
Oran et al.® reported no difference in cGvHD incidence be-
tween the two groups, similar to our result, with no impact
of donor CHIP on relapse risk. In another study by Newell et
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al.,** donor-derived CHIP was not associated with relapse
or OS; however, patients with donor-derived CHIP were
more likely to develop cGvHD, necessitating systemic im-
munosuppressive therapy (IST) (P=0.045) and less likely to
discontinue IST (P=0.03) compared with controls without
donor-derived CHIP. Thus, the differential impact of donor
CHIP on relapse risk may not be directly from a putative
biological CHIP-related protection from relapse but may in-
stead be related to the occurrence of GvHD, which can in-
directly affect the risk of relapse. In the present study, we
did not find any difference in cGvHD incidence between the
two groups (HR=0.685; P=0.220). Furthermore, Gibson et
al.® recently reported that donor DNMT3A was associated
with reduced relapse (HR=0.59; P=0.014), and increased
cGvHD (HR=1.36; P=0.042).

In terms of aGvHD, while the present study and another
study’ have reported that the presence of CHIP do not af-
fect the aGvHD incidence, Oran et al.® reported that donor
CHIP increased the risk of grade 2-4 (P=0.001) and 3-4
aGvHD (P=0.008). This different result can result from the
different population characteristics and/or transplant
procedures which could affect the risk of aGvHD, such as
the source of stem cells, GvHD prophylaxis or conditioning
regimens. In order to reach a clear conclusion on this
issue, further study is strongly warranted to include a
larger number of homogenous population transplanted
with less diverse conditioning regimen and/or GvHD pro-
phylaxis.

One of the important long-term complications after HSCT
is secondary malignancy, which sometimes we miss its im-
portance on its negative impact on survival and quality of
life in the transplant survivors. It usually occurs 3-10 years
after HSCT. The risk of malignancy is 2-fold higher among
recipients of allogeneic HSCT compared to that of the gen-
eral population.®* In our previous report evaluating the inci-
dence of SM in 2,415 consecutive patients after HSCT, SM
were diagnosed in 8.7% of HSCT recipients overall with SM
incidence of 6.3% at 10 years"™ with a median follow-up
duration of 127 months. We here evaluated the impact of
donor CHIP on the risk of SM after allogeneic HCT with a
median follow-up duration of 13 years. In the present study,
follow-up duration was quite long, sufficient to observe SM
events occurring after allogenic HSCT. However, because
only two patients in the donor CHIP group developed SM,
it was difficult to definitively conclude the statistical as-
sociation between the presence of donor CHIP and the risk
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of SM after HSCT. Based on the result presented here in
the current study, we were unable to observe the increased
occurrence of SM in the donor CHIP group.

It is still a matter of debate if we have to routinely test
the presence of CHIP in the allogeneic donor’s HSC.%:%¢ As
the upper age limit of HCT recipients continues to in-
crease, now we see the use of elderly related donors more
frequently, which inevitably raises the concern of using an
elderly donor with respect to the transfer of CHIP to the
recipient.®” The present result suggests that molecular
testing for CHIP mutations may not need to be a part of
routine donor evaluation prior to stem cell collection
based on its neutral impact on transplant outcomes.
However, there are still restricted clinical situations where
mutational testing on the donor can be indicated and
would be potentially helpful. Further study is warranted
to reach a clearer conclusion on these questions.

In summary, based on our analysis as well as those of
others, the presence of CHIP in the donor does not seem
to increase the risk of adverse outcomes following HSCT.
Donor CHIP does neither affect the risk of relapse, sur-
vival, GvHD or engraftment adversely, nor does it increase
the risk of SM following allogeneic HSCT.
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