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Abstract:
Allogeneic blood and marrow transplantation (alloBMT) is increasingly being used in older patients
with blood cancer. Aging is associated with an increasing incidence of clonal hematopoiesis (CH).
Although the effects of donor CH on alloBMT has been reported, the impact of recipient CH on
alloBMT outcomes is unknown. In this retrospective study, alloBMT recipients age 60 and older with
lymphoid malignancies were included. Among 97 consecutive patients who received alloBMT between
2017 and 2022, CH was detected in 60 (62%; 95% CI 51-72%). CH was found in 45% (95% CI 28-64%) of
patients aged 60-64, 64% (95% CI 44-81%) of patients aged 65-69, and 73% (95% CI 59-87%) in those
above 70. Pretransplant CH was associated with worse survival after alloBMT: 3-year overall
survival (OS) was 78% (95% CI 65-94%) for patients without CH versus 47% (95% CI 35-63%) for those
with CH, [unadjusted HR 3.1 (95%CI 1.4-6.8; P<0.001)]. Non-relapse mortality (NRM) was higher in
patients with CH; cumulative incidence of NRM at one-year was 11% (95% CI 1-22%) versus 35% (95% CI
23-48%), [HR 3.4 (95% CI 1.4-8.5), p=0.009]. Among CH patients, worse OS and NRM was associated
with CH burden and number of mutations. Recipient CH had no effect on relapse. In conclusion, older
patients with CH experience worse outcomes after alloBMT, almost exclusively attributable to
increased NRM. CH is a strong, independent predictor of outcomes. Novel strategies to ameliorate
the adverse impacts of patient CH on transplant outcomes are being evaluated.
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Abstract 36 

Allogeneic blood and marrow transplantation (alloBMT) is increasingly being used in 37 

older patients with blood cancer. Aging is associated with an increasing incidence of 38 

clonal hematopoiesis (CH). Although the effects of donor CH on alloBMT has been 39 

reported, the impact of recipient CH on alloBMT outcomes is unknown. 40 

 41 

In this retrospective study, alloBMT recipients age 60 and older with lymphoid 42 

malignancies were included. 43 

 44 

Among 97 consecutive patients who received alloBMT between 2017 and 2022, CH 45 

was detected in 60 (62%; 95% CI 51-72%). CH was found in 45% (95% CI 28-64%) of 46 

patients aged 60-64, 64% (95% CI 44-81%) of patients aged 65-69, and 73% (95% CI 47 

59-87%) in those above 70. Pretransplant CH was associated with worse survival after 48 

alloBMT: 3-year overall survival (OS) was 78% (95% CI 65-94%) for patients without 49 

CH versus 47% (95% CI 35-63%) for those with CH, [unadjusted HR 3.1 (95%CI 1.4-50 

6.8; P<0.001)]. Non-relapse mortality (NRM) was higher in patients with CH; cumulative 51 

incidence of NRM at one-year was 11% (95% CI 1-22%) versus 35% (95% CI 23-48%), 52 

[HR 3.4 (95% CI 1.4-8.5), p=0.009]. Among CH patients, worse OS and NRM was 53 

associated with CH burden and number of mutations. Recipient CH had no effect on 54 

relapse. 55 

 56 
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In conclusion, older patients with CH experience worse outcomes after alloBMT, almost 57 

exclusively attributable to increased NRM.  CH is a strong, independent predictor of 58 

outcomes. Novel strategies to ameliorate the adverse impacts of patient CH on 59 

transplant outcomes are being evaluated. 60 

 61 

Key Points 62 

 Recipient clonal hematopoesis (CH) found before allogeneic BMT (alloBMT) 63 

transplantation predicts post-transplant mortality 64 

 Recipient CH is an important independent predictor of non-relapse mortality 65 

after alloBMT 66 

  67 
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Introduction 68 

The median age of patients diagnosed with most hematologic malignancies is 65 years 69 

or older1.  Refinements over the years to allogeneic blood or marrow transplantation 70 

(alloBMT), including the use of non-myeloablative (NMA)/reduced intensity conditioning 71 

regimens and newer graft-versus-host disease (GVHD) prophylaxis platforms, allow 72 

patients at least up to age 80 to undergo the procedure2.  Despite progress, transplant-73 

related toxicities are higher in older patients3, and traditional pretransplant risk 74 

assessment tools such as the Hematopoietic Cell Transplantation Comorbidity Index 75 

(HCT-CI)4 offer limited predictive accuracy for outcomes in this age group. This 76 

limitation can be attributed to the development of the HCT-CI in younger patients who 77 

received myeloablative conditioning regimens. It suggests that common measures of 78 

organ dysfuction alone cannot account for excess mortality in older patients.   79 

 80 

Clonal hematopoiesis (CH) is a common age-related condition characterized by clonal 81 

expansion of hematopoietic stem cells that usually carry one or more somatic gene 82 

mutations associated with myeloid malignancies6. The incidence of CH increases 83 

steadily with age and is especially prevalent after age 60.   84 

 85 

CH is a precursor to myeloid malignancies including myelodysplastic syndrome and 86 

acute myeloid leukemia7-9. However, many studies have shown that CH exerts most of 87 

its adverse effects through worse outcomes in a variety of chronic diseases. CH has 88 

been associated with an increased incidence or severity of cardiovascular disease, 89 

D
ow

nloaded from
 http://ashpublications.net/bloodadvances/article-pdf/doi/10.1182/bloodadvances.2023011761/2222665/bloodadvances.2023011761.pdf by guest on 06 M

ay 2024



 
 

5 

diabetes, chronic obstructive pulmonary disease, and gout among other diseases10-17. A 90 

shared characteristic among these conditions is there frequent association with age and 91 

inflammation, both of which are also linked to CH.  92 

 93 

CH is prevalent in patients with cancer, and can be caused by cancer treatments18. In 94 

this population CH has been associated with survival outcomes in older patients 95 

undergoing cancer treatment,19,20 and with worse survival after autologous BMT for 96 

lymphoma21-24 but not multiple myeloma25.  Although CH has been associated with an 97 

increased risk of therapy-related myeloid neoplasms (tMN) in autologous BMT 98 

recipients, the adverse outcomes extend beyond tMN. 99 

 100 

In the setting of alloBMT, the impact of donor CH on outcomes has been studied:  101 

Donor CH was associated with a higher incidence of GVHD and lower relapse rates 102 

after tacrolimus/methotrexate- but not high dose posttransplant cyclopohsphamide 103 

(PTCy)-based GVHD prophylaxis26-29. In animal models, clonal donor-derived 104 

lymphocytes promote inflammation that causes acute GVHD30. CH in the donor also 105 

has been associated with a higher risk of donor-derived leukemia26,31.   106 

 107 

Recipient CH has been studied in the context of molecular measurable residual disease 108 

(MRD), and was not associated with an increased risk of relapse32. Chronic 109 

inflammation is associated with frailty in aging individuals33-35, and frail older patients 110 

are known to have worse outcomes after alloBMT despite HCT-CI scores similar to non-111 
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frail recipients36-41.  Animal studies implicate older host antigen presenting cells in 112 

GVHD, suggesting that components of the aging host immune system are important to 113 

transplant outcomes42.  CH has been associated with numerous age-related conditions 114 

and adverse outcomes in the general population, and may be a surrogate marker for 115 

fraility. Its role in recipient fitness and alloBMT outcome has not been studied, thus we 116 

investigated the effect of pre-transplant recipient CH on alloBMT outcomes. 117 

Methods 118 

This study was conducted with Institutional Review Board approval and according to the 119 

declaration of Helsinki.   120 

 121 

Clinical Care.  Sequential patients aged 60 years and above who underwent first 122 

alloBMT between 1 March 2017 through 21 Oct 2022 for lymphoid malignancies at the 123 

Sidney Kimmel Comprehensive Cancer Center at Johns Hopkins Hospital (JHH) were 124 

studied. Patients undergoing alloBMT for myeloid malignancies were excluded, as the 125 

distinction between the underlying CH and residual disease is often challenging.  All 126 

patients received conditioning consisting of fludarabine, cyclophosphamide, and either 127 

200cGy or 400cGy total body irradiation (TBI) and PTCy-based GVHD prophylaxis as 128 

previously described43-45.  Cytokine release syndrome (CRS) was graded according to 129 

American Society for Transplantation and Cellular Therapy (ASTCT) criteria46. 130 

 131 

Genetic sequencing.  Stored samples of DNA previously isolated for clinical chimerism 132 

determination were submitted for sequencing.  CH was determined by targeted error-133 

D
ow

nloaded from
 http://ashpublications.net/bloodadvances/article-pdf/doi/10.1182/bloodadvances.2023011761/2222665/bloodadvances.2023011761.pdf by guest on 06 M

ay 2024



 
 

7 

corrected next-generation sequencing restricted to 48 genes commonly mutated in CH47 134 

(Supplemental Table 1).  The average, unique molecular identifier (UMI)-corrected read 135 

depth allowed for reliable detection of mutant alleles with variant allele frequency (VAF) 136 

>1%.   137 

 138 

Outcome Definitions.  Graft failure was defined as failure to reach an ANC > 500/uL by 139 

day 56 or T cell chimerism < 5% donor in the absence of relapse at any point.  140 

Progressive disease (PD) or relapse was diagnosed clinically and confirmed upon 141 

record review based on radiological and pathological studies; of note, persistence of 142 

MRD or administration of planned or study maintenance medication were not tallied as 143 

progression.  Non-relapse mortality (NRM) was defined as death in the absence of 144 

progression or relapse. While estimating the cumulative incidence of NRM, relapse was 145 

considered a competing event; while estimating the cumulative incidence of relapse, 146 

NRM was considered a competing event. Acute graft versus host disease (GVHD) was 147 

graded according to Keystone Criteria48; competing risks for GVHD were graft failure 148 

and death in the absence of GVHD.  Time to event outcomes were measured from 149 

allograft infusion. Overall survival (OS) was measured from date of allograft infusion to 150 

date of death from any cause, or censored at the last follow-up date in patients who 151 

were alive. 152 

 153 

Statistical Methods.  Proportions were reported with 95% exact confidence intervals.  154 

OS was estimated using the Kaplan-Meier (KM) method, and the group difference was 155 

assessed using the log-rank test.  For time-to-event outcomes considering competing 156 
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risks, the group differences in the corresponding cumulative incidence function were 157 

assessed using Gray's k-sample method49. Initially, a comparison of survival was made 158 

between groups with and without pre-transplant CH.  Since there was a significant 159 

association between CH and OS, patients with CH were further divided based on VAF 160 

levels and the number of mutations to examine the associations with the amount of CH 161 

on the respective outcomes.  The cut-point for dichotomizing VAF was determined by 162 

visualizing age-adjusted log relative hazards of OS within CH-positive patients, using a 163 

restricted cubic spline function of VAF (Supplemental Figure 1).  Three knots of VAF 164 

were placed at the 55th, 75th, and 95th quantiles (corresponding to VAF values of 3.4, 165 

5.1, and 37.7) due to a right-skewed distribution of VAF in these older patients and a 166 

lower limit of positivity of 1%.  The relative risk for each 10% increase in VAF level 167 

within CH-positive patients was further examined.  To assess the group differences 168 

while adjusting for covariates, the Cox proportional hazards model was applied for OS 169 

and progression free survival (PFS), and Fine-Gray's subdistribution hazard models 170 

were applied for other time-to-event outcomes accounting for competing risks50.  The 171 

adjusted covariates included the patient's age at BMT (as a linear continuous variable), 172 

the donor's age (as a linear continuous variable), HCT-CI (categorized as 0, 1-2, or 3+) 173 

and lines of cytotoxic therapy (categorized as 3+ vs. 0-2).  These variables were chosen 174 

a priori based on a reported association with mortality after alloBMT or CH incidence.  175 

Analyses were compiled in R 4.2.2 environment (R Foundation for Statistical 176 

Computing, Vienna, Austria). 177 

This study was approved by the Institutional Review Board at Johns Hopkins Hospital. 178 

 179 
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Results 180 

 181 

Patient and CH Characteristics:  The samples from 97 consecutive patients aged 60 or 182 

above met the technical requirements for the sequencing analysis. CH was found in 183 

60/97 (62%; 95% CI 51-72%) patients, involving 117 total variants (Supplemental Table 184 

2).  The median age of patients with pre-alloBMT CH was 68 years, compared to 65 185 

years in those without CH (p=0.01).  Otherwise, demographic, disease and BMT 186 

characteristics were well balanced between the CH positive and CH negative cohorts 187 

(Table 1).   DNMT3A, TET2, and ASXL1 mutations were common (Figure 1A); the 188 

prevalence of PPM1D variants (21/97, 22%) and TP53 variants (7/97, 7%) in our study 189 

was higher than that of the general population47, but consistent with that seen following 190 

cytotoxic chemotherapy19. The prevalence of CH varied by age: CH was present in 45% 191 

(95% CI 28-64%) of patients aged 60-64 years, 64% (95% CI 44-81%) of patients aged 192 

65-69 years, and 75% (95% CI 58-88%) of those 70 years and above (Figure 1B).  CH 193 

clone size also positively correlated with patient age (Figures 1B, C). Patients received 194 

a median of 2 lines of cytotoxic chemotherapy (range 0-4) prior to transplant, and 195 

median values were not different between the groups (Table 1). The vast majority of 196 

patients received only two lines (initial therapy and salvage before BMT); only two 197 

patients received 4 distinct cycles of cytotoxic chemotherapy, both of whom had CH. 198 

 199 

Survival.  The median follow-up for the entire cohort was estimated to be 32 months 200 

after alloBMT using a reverse KM approach.  The presence of pre-transplant CH was 201 

associated with a significantly shorter survival after alloBMT:  3-year OS 78% (95% CI 202 
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65-94%) without CH versus 47% (95% CI 35-63%) with CH (unadjusted hazard ratio 203 

[HR] 3.1 (95%CI 1.4-6.8; P<0.001; Figure 2A).  PFS was also worse in those patients 204 

with CH (Figure 2B), with a 3-year PFS of 39% (95% CI: 28-55%) vs. 60% (95% CI: 43-205 

82%) in CH negative patients.  The risk of NRM was significantly higher in recipients 206 

with CH (cumulative incidence of 1-year NRM was 11% [95% CI 1-22%] versus 35% 207 

[95% CI 23-48%], unadjusted subdistribution HR [SDHR] 3.4 [95% CI 1.4-8.5], p=0.009; 208 

Figure 2C).  Three patients experienced graft failure, one with CH and two without.  CH 209 

was not associated with the risk of relapse (Figure 2D).   210 

 211 

In addition to CH, older recipient age was also significantly associated with overall 212 

survival and NRM in univariate analysis (Supplemental Table 3). Donor age was also 213 

associated with NRM and with relapse (Supplemental Table 3). HCT-CI was not 214 

associated with overall survival (compared to HCT-CI of 0, HR 1.34 [95% CI 0.61-2.95, 215 

p=0.46] for HCT-CI 1-2, and for 3+ HR 1.35 [95% CI 0.53-3.40, p=0.53]) or with NRM 216 

(compared to HCT-CI of 0, HR 1.18 [95% CI 0.48-2.90, p=0.40] for 1-2, and for 3+ HR 217 

0.99 [95% CI 0.59-7.61, p=0.25]).   218 

 219 

Clone size had a strong effect on survival.  The 3-year OS was 78% (65-94%) for 220 

patients without CH, 50% [37-68%; HR 2.74 (95% CI 1.22-6.16)] for those with a VAF 221 

between 1 and 10%, and 33% [15-74%; HR 5.08 (95% CI 1.9-13.59)] in those with a 222 

VAF 10% (Figure 2A).  The 1-year cumulative incidence of NRM was 11% (1-22%) for 223 

those without CH, 27% (SDHR 2.57 [95% CI 0.98-6.76, p=0.056]) in patients with VAF 224 

1-10%, and 67% (HR 7.97[95% CI 2.68-23.68]) with VAF 10% (Figure 2B). Although 225 
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the numbers are small (12), 0/7 matched sibling and unrelated patients without CH died 226 

within 1 year of alloBMT compared to 2/5 with CH.  An analysis of the number of distinct 227 

CH mutations on outcomes showed similar results, with worse outcomes in patients with 228 

more than one CH mutation with regard to OS, PFS, and NRM (Figures 3A-C), but no 229 

difference in relapse (Figure 3D).  230 

 231 

In a multivariable analysis that included recipient age, donor age, HCT-CI, and number 232 

of prior lines of therapy  (3+ vs. 0-2), CH remained the only significant predictor of NRM 233 

(Table 2) and it was also significantly associated with OS and PFS, but not relapse.  234 

Recipient age was also associated with OS and PFS, while donor age was associated 235 

with relapse. Number of lines of therapy was associated with relapse but not NRM or 236 

OS, and HCT-CI was not prognostic of any outcome. 237 

 238 

Causes of Death.  PD was the most common cause of death in CH negative patients 239 

(8%).  In CH positive patients, PD (13%), GVHD (12%), CRS (5%), sepsis (7%) and 240 

multiorgan failure (5%) were the most common causes of death. CH was present in all 241 

patients who died prior to day 100 (n=10) (Supplemental Table 4). 242 

 243 

CRS and GVHD.  The incidence of grade II-IV acute GVHD was not significantly 244 

different between the cohorts (Supplemental Figure 2A).  Grade III-IV GVHD incidence 245 

did appear to be higher as the level of CH increased, although the relationship was not 246 

statistically significant:  The 1-year cumulative incidence of grade III-IV GVHD was 5% 247 
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(95% CI 0-13%) in patients without CH, 10% (SDHR 2.0 (95% CI 0.39-10.2), p=0.4] in 248 

those with 1-10% VAF, and 25% [95% CI 0-52%, SDHR 4.99 (0.86-28.88, p=0.07) in 249 

those with >10% VAF (Supplemental Figure 2B). In patients with CH, 8/19 (42%) cases 250 

of acute GVHD were grade III-IV compared to 2/15 (13%) without CH (p=0.13).  Eight 251 

patients died with acute GVHD, 7 of whom (88%) had CH.  Chronic GVHD incidence 252 

was low in all three groups: 5/37 patients without CH, 5/48 with 1-10% VAFs, and 0/13 253 

with >10% VAF.  254 

 255 

Cytokine release syndrome (CRS) is an early complication of mismatched alloBMT, 256 

especially in older recipients and those receiving peripheral blood (PB) grafts51. Of the 257 

26 patients who received PB grafts, CRS occurred in 19.  The incidence was 50% (4/8, 258 

95% CI 16-84%, with no cases of severe CRS) in patients without CH, and 83% (15/18; 259 

95% CI 59-96%) in patients with CH, including 4 cases of severe CRS (p=0.08). 260 

 261 

Discussion   262 

Older patients with aggressive blood cancers are increasingly treated with alloBMT.  In 263 

this study, recipient CH predicted significantly increased morbidity and mortality despite 264 

subsequent engraftment of donor hematopoiesis.  Indeed, CH appeared to account for 265 

most of the excess risk attributable to age in this cohort of older patients after alloBMT. 266 

The size and number of clones both appeared to mediate outcomes, which was 267 

consistent with a dose-response relationship.  268 

 269 
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The prevalence of CH in this cohort of alloBMT recipients was high (62%) and might 270 

reflect exposure to DNA damaging agents such as chemotherapy and radiation, 271 

proliferative stress, chronic inflammation52,53, or an aged bone marrow 272 

microenvironment54.  Both PPM1D55,56 and TP5357,58 mutations can emerge after 273 

chemotherapy, which may be due to CH clones having a selective advantage in 274 

repopulating bone marrow exposed to chemotherapy59.  275 

 276 

It is unclear as to why CH is associated with increased toxicity after alloBMT. CH may 277 

simply be a marker of frailty or a biomarker of aging60,61.  We also explored the possibility 278 

that CH may be a surrogate for other known or predicted markers of mortality such as 279 

patient age, disease status (DRI), or amount of prior therapy. However, there was no 280 

difference in lines of therapy between patients with and without CH, and a multivariable 281 

analysis that included prior number of therapies showed that CH remained the only 282 

predictor of NRM.  283 

 284 

Perhaps more likely, CH exerts its effects by enhancing inflammatory responses. Most 285 

studies on CH and alloBMT have focused on engrafting donor CH14-19, and some 286 

studies reported the association between donor CH and GVHD.  However, host tissue-287 

resident macrophages persist for prolonged periods after alloBMT42,62. CH-derived 288 

macrophages secrete pro-inflammatory cytokines such as IL-610, which could result in 289 

an exuberant inflammatory response resulting in CRS and GVHD.  Strategies that could 290 

ameliorate the negative effects of CH on outcomes if they are related to inflammation 291 
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include Janus Kinase (JAK) inhibitors, potent anti-inflammatory agents that have been 292 

studied in the early post-transplant period63.  Studies of the JAK inhibitor itaciinib in 293 

older alloBMT recipients are ongoing.   294 

 295 

Limitations of this study include the relatively small number of patients from a single 296 

center.  All the patients received PTCy, and there was a preponderance of 297 

haploidentical donors.  The study also excluded patients with myeloid diseases like 298 

MDS and AML to distinguish clearly between preexisting CH and detectable residual 299 

myeloid disease. In the patients with lymphoid malignancy studied here, the distinction 300 

is clearer.  We chose to include only patients over 60 because CH prevalence and NRM 301 

are both more common in older patients; CH may contribute to NRM in younger patients 302 

and this question should be addressed in future studies.  Fewer than one third of our 303 

patients received all of their cancer care at JHH, a rate which is common for referral 304 

transplant centers but made it impossible to determine the precise contribution of each 305 

component of therapy to CH incidence or clinical outcomes; lines of cytotoxic 306 

chemotherapy is only an approximation of chemotherapy exposure.   307 

 308 

In this study of older alloBMT patients with lymphoid malignancies, recipient CH was a 309 

strong, independent predictor of survival.  Since chronologic age alone is no longer an 310 

absolute contraindication to alloBMT, improved predictive tools are important to care for 311 

the growing population of healthy older patients with aggressive blood cancer.  312 

Detection of CH may add important prognostic information to current risk stratification 313 
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paradigms.  Results from a large, prostpective, recently completed BMT-CTN study of 314 

risk stratification for older alloBMT recipients using several geriatric assessment tools 315 

(BMTCTN 1703 / CHARM / NCT03992352) should aid further in risk prediction and 316 

identify groups who might benefit from prospective, interventional trials. 317 

 318 

In conclusion, pretransplant CH predicts NRM and survival after alloBMT in older 319 

patients.  These findings should be confirmed in an independent cohort.  Further studies 320 

in older patients with myeloid malignancies also should be pursued, since these patients 321 

represent nearly 80% of alloBMT indications.  Targeting CH-mediated inflammation in 322 

the early alloBMT period may represent a novel strategy leading to improved outcomes.   323 
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Table 1. Clinical and transplant characteristics of sequential patients aged 60 and 332 

above, separated into three groups by size of CH clone. 333 

   334 

 335 

Characteristic 
All 

(n=97) 
No CH 
(n=37) 

CH positive 
VAF 1-10% 

(n=48) 

CH 
positive 

VAF ≥10% 
 (n=12) 

P value 

Median Age 
(range) 

67 (60-
78) 

65 (60-77) 68 (60-78) 70 (61-75) 0.04 

Male Sex 62 (64%) 24 (65%) 31 (65%) 7 (58%) 0.9 

Graft source     

0.7 PB 26 (28%) 8 (22%) 15 (31%) 3 (25%) 

BM 71 (72%) 29 (78%) 33 (69%) 9 (75%) 

Match     

0.6 
Haploidentical 85 (88%) 30 (81%) 44 (92%) 11 (92%) 

Full (inc 9/10) 5 (5%) 3 (8%) 2 (4%) 0 

mMUD 7 (7%) 4 (11%) 2 (4%) 1 (8%) 

HCT-CI, med 
(range) 

1 (0-7) 1 (0-6) 1 (0-7) 1 (0-4) 0.9 

0 27 (28%) 12 (32%) 13 (27%) 2 (17%) 

0.9 1-2 48 (49%) 17 (46%) 24 (50%) 7 (58%) 

3+ 22 (23%) 8 (22%) 11 (23%) 3 (25%) 

Disease     

0.56 T ALL 2 0 2 0 

Ph+ B ALL 6 2 4 0 
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Ph- ALL 3 1 1 1 

T-PLL 2 1 1 0 

T cell lymphoma 11 5 4 2 

CLL 3 0 1 2 

B cell 
lymphoma* 

64 
25 32 7 

HL 6 3 3 0 

Disease Risk 
Index     

0.6 
low 28 11 14 3 

intermediate 65 25 32 8 

High / very high 4 0 2 1 

Lines of 
Cytotoxic 
Chemotherapy     

0.65 

0 5 (5%) 2 (5%) 2 (4%) 1 (8%) 

1 25 (26%) 8 (22%) 14 (29%) 3 (25%) 

2 49 (51%) 23 (62%) 20 (42%) 6  (50%) 

3 16 (16%) 4 (11%) 10 (21%) 2 (17%) 

4 2 (2%) 0  2 (4%) 0 

Donor Age, med 
(range) 

31 (14-
54) 

29 (16-50) 32  (14-49) 37 (26-54) 0.11 

 336 

*includes 1 patient with multiple myeloma (small CH) and 1 patient with plasmablastic 337 

lymphoma (no CH).  Abbreviations: PB – peripheral blood; BM – bone marrow; mMUD – 338 

mismatched unrelated donor; HCT-CI – hematopoietic cell transplantation comorbidity 339 
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index; ALL – acute lymphoblastic leukemia; NHL – non-Hodgkin lymphoma; HL – 340 

Hodgkin lymphoma; CH – clonal hematopoiesis; VAF – variant allele frequency. 341 

 342 
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Table 2. Association between clonal hematopoiesis and survival outcomes in 
multivariable analyses.  The analysis included patient age, donor age, number of lines 
of cytotoxic chemotherapy, and HCT-CI score. 
 
 OS  PFS  NRM  Relapse 

Variables 
adj HR 

(95% CI) 

p-

value 

 adj HR 

(95% CI) 

p-

value 

 adj SDHR 

(95% CI) 

p-

value 

 adj SDHR 

(95% CI) 

p-

value 

CH Negative Ref   Ref   Ref   Ref  

CH Positive 
2.47  

(1.11-5.52) 

.03  1.98  

(1.02-3.82) 

.04  3.04  

(1.18-7.80) 

.02  0.95  

(0.37-2.45) 

.92 

Recipient age at 

BMT (per 10 years) 

2.95  

(1.44-6.08) 

0.003  2.24  

(1.20-4.18) 

0.01  1.77  

(0.80-3.92) 

 

0.16  1.59  

(0.60-4.23) 

0.36 

Donor’s age  

(per 10 years) 

0.99  

(0.69-1.42) 

0.94  0.83  

(0.60-1.16) 

0.29  1.38  

(0.89-2.13) 

0.15  0.43  

(0.24-0.79) 

0.007 

HCT-CI            

   0 Ref   Ref   Ref   Ref  

   1-2 
1.23  

(0.55-2.75) 

0.62  1.49  

(0.73-3.05) 

0.28  0.92  

(0.3-2.37) 

0.86  1.88  

(0.61-5.80) 

0.27 

   3+ 
1.19  

(0.46-3.08) 

0.71  1.50  

(0.65-3.47) 

0.34  0.76  

(0.26-2.22) 

0.61  2.94  

(0.94-9.20) 

0.06 

Number of prior 

cytotoxic therapies 

           

    0-2 Ref   Ref   Ref   Ref  

    3+ 
1.39 (0.64-

3.02) 

0.41  1.92 (0.97-

3.79) 

0.06  0.71 (0.25-

2.03) 

0.53  4.53 (1.75-

11.70) 

0.002 

 
Abbreviations: OS – Overall Survival; PFS – progression-free survival; NRM – non-
relapse mortality; adj – adjustment with patient age, donor age, HCT-CI, and lines of 
cytotoxic chemotherapy; HR – hazard ratio; SDHR – subdistribution hazard ratio; CH – 
clonal hematopoiesis; VAF – variant allele frequency; NOM – number of mutations; Ref 
– reference
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Figure Legends. 

Figure 1. Prevalence and characteristics of clonal hematopoiesis (CH) according 

to age of alloBMT recipient: A) distribution of CH mutations in the cohort; B) 

Prevalence of CH at different ages; C) Distribution of CH proportion according to patient 

age.   

Figure 2. Clinical outcomes after alloBMT are associated with variant allele 

frequency pre-transplant CH.  Kaplan-Meier curves of A) overall survival (OS) and B) 

progression-free survival (PFS); Cumulative incidence of C) non-relapse mortality 

(NRM) and D) relapse by clonal hematopoiesis (CH) negative or CH positive. Estimates 

in CH positive group were further stratified by variant allele frequency ([VAF] 1-10% and 

10%)  

Figure 3.  Clinical outcomes after alloBMT are associated with number of CH 

mutations with variant allele frequencies greater than 1%.  Kaplan-Meier curves of 

A) overall survival (OS) and B) progression-free survival (PFS); Cumulative incidence of 

C) non-relapse mortality (NRM) and D) relapse by clonal hematopoiesis (CH) negative 

and number of mutations (single mutation, two or more mutations).  
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