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Clonal hematopoiesis in
patients with high-grade B-
cell lymphoma is associated
with inferior outcome

To the Editor:

Clonal hematopoiesis of indeterminate potential (CHIP) is defined as

presence of somatically mutated genes, commonly associated with

myeloid neoplasm (MN) in the blood of healthy individuals with normal

blood values and lack of morphological indications of MN in the bone

marrow.1 Clonal hematopoiesis of indeterminate potential is an age-

related phenomenon associated with an elevated risk for the develop-

ment of MN as well as cardiovascular diseases.2 The current threshold

of the variant allele frequency (VAF) of these CHIP-clones is 2%. How-

ever, this threshold is arbitrary, based on the sensitivity limit of next

generation sequencing (NGS) technology used in the first CHIP-studies.

Limited numbers of reports are available on the prevalence and

the clinical significance of CHIP among lymphoma patients, especially

at the time of diagnosis. A few studies have reported that CHIP

among lymphoma patients is associated with increased risk for the

development of therapy-related MN (TMN) after chemotherapy

and/or autologous stem-cell transplantation (ASCT).3

In the present study, we investigate the prevalence of CHIP and

its impact on treatment outcome in an unselected series of prospec-

tively included, homogeneously treated and clinically well character-

ized patients with high-grade B-cell lymphoma (HGBCL).

Seventy-four patients diagnosed with HGBCL between

2010-2015 were included in the study. All patients were recruited

from the U-CAN consortium,4 re-evaluated and classified according to

the updated World Health Organization (WHO) classification of

Tumors of Hematopoietic and Lymphoid Tissues of 2017.5 Patients

were treated according to National treatment guidelines with R-CHOP

or R-CHOP like regimens.

Immunostainings were performed to classify tumors of diffuse

large B-cell lymphomas (DLBCL) as germinal-center derived (GCB) or

non-GCB. Details on immunohistochemistry and fluorescence in situ

hybridization (FISH) are provided in the Supplementary material.

Sequencing DNA with NGS was performed on genomic DNA

(gDNA) extracted from blood, using the Trusight Myeloid Sequencing

Panel (Illumina, San Diego, California) (Supplementary material).

The VAF cut-off for the detection of the variants was set to 5%

in order to avoid reporting of potential technical artifacts. Details of

the sequencing protocol followed and the variant calling are provided

in the Supplementary material. In short, variants had to meet the fol-

lowing conditions to be included in downstream analysis: (a) located

within an exonic or splicing region; (b) be non-synonymous; and

(c) not listed in the gnomAD database if not also recurrently reported

in Cosmic v85.

Overall survival (OS) was calculated from the date of diagnosis to

the date of death from any cause. Progression-free survival (PFS) was

calculated from the date of diagnosis to the date of lymphoma pro-

gression or death due to any cause. Lymphoma specific survival (LSS)

was calculated from the date of diagnosis to the date of death of lym-

phoma (patients who died of other causes were censored). Survival

curves and univariate analyses were performed using the Kaplan-

Meier method, the log-rank test and Cox proportional hazards regres-

sion. The chi-square, the Fisherʼs exact test or Studentʼs t test were

used to compare differences between groups. The proportional haz-

ards assumption was tested and was not violated. A P value of <.05

was considered to be statistically significant. Statistical analyses were

performed using RStudio 1.1.383 and R 4.0.0 software (www.

r-project.org).

Clonal hematopoiesis of indeterminate potential was detected in

nine of 74 (12%) patients with no statistical difference observed in

any of the available clinical features, or number of administered cycles

of therapy between patients with CHIP, compared to the remaining

ones (Table S2). The CHIP variants were found in the following genes:

DNMT3A (n = 4), TET2 (n = 3), TP53 (n = 2), KIT, EZH2 (n = 1) with a

median VAF of 11.7% (range 6.4%-28.2%) (Table S3). In two cases, a

MYD88 and a NOTCH1 variant were detected. These two cases were

included in the non-CHIP group as mutations in these genes are fre-

quently seen in patients with B-cell malignancies, while they are not

recurrently mutated in MN. Unfortunately, lack of available material

did not allow for targeted re-sequencing of tumor tissue or sorted

cells.

Cause of death for patients with CHIP was lymphoma (n = 4) and

metastatic colon carcinoma (n = 1). In one patient the cause of death

was unknown (Table S3). No death due to cardiovascular disease was

recorded.

Patients with CHIP demonstrated significantly inferior PFS, OS

and LSS (Figure 1). In particular, the two-year and five-year PFS was

67% and 56% among patients with CHIP, vs 83% and 73% for non-

CHIP cases (HR = 2.78 [CI:1.11-6.98], P value = .03), the two-year and

5-year OS for CHIP was 66% and 56%, respectively, vs 88% and 79%

for non-CHIP (HR = 3.37 [CI:1.33-8.58], P value .01). Similarly, the

two-year and five-year LSS was 62% and 50% among patients with

CHIP, vs 91% and 87% for non-CHIP cases (HR = 4.66 [CI:

1.43-15.21], P value = .01) (Figure 1 and Table S4).
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In multivariate analysis for LSS the presence of CHIP was the only

parameter (evaluated features: age >60, male sex, stage III-IV, B-symp-

toms, elevated lactate dehydrogenase) that retained independent statis-

tical significance, being associated with unfavorable outcome (HR: 3.75

[CI:1.05-13.41], P = .04), while a similar trend was observed in multivar-

iate analysis for PFS and OS (HR:2.43 [CI: 0.92-6.39], P value = .07) and

(HR:2.38 [CI: 0.90-6.31], P = .08), respectively] (Table S4).

In the present study, we evaluated for the first time the prevalence

and clinical impact of CHIP at the time of diagnosis in a general

population-based cohort with HGBCL treated with R-CHOP. We report

a prevalence of 12% with DNMT3A and TET2 being the most commonly

mutated genes accounting for 64% similarly to previous reports6 .

The prevalence of CHIP seen in our cohort is in accordance with

that reported in age-matched healthy individuals,1 but lower com-

pared to lymphoma patients treated with ASCT.3 This discrepancy can

be attributed to different compositions of patients among the various

cohorts or methodological differences regarding variant interpretation

or inclusion of different genes analyzed.

Interestingly, in our cohort, we observed no differences between

the CHIP and the non-CHIP cases regarding any of the available clinical

or tumor parameters (Table S2). Note, CHIP was equally distributed

independent of age, contrasting previous reports. This discrepancy

between our and the other studies could be explained by the inclusion

of patients with various diagnoses, being analyzed in different disease

phases and with markedly different treatment exposures.

We report an unfavorable outcome for patients with HGBCL and

CHIP for both OS and PFS, which is in line with previous reports of

mixed patients with non-Hodgkin lymphoma. Moreover, CHIP was

also associated with worse LSS, with lymphoma being the main cause

of death among patients with CHIP. The possible association of CHIP

with adverse clinical outcome in our cohort cannot easily be

explained. It has been suggested that CHIP promotes the survival of

cancer cells. A possible explanation may be the fact that CHIP is asso-

ciated with increased inflammatory activity as well as immune

dysregulation,6 which could either advocate cancer cell survival or

attenuate the effect of chemotherapy. In case this hypothesis is

proven, one might argue for less intensive chemo based regimens in

lymphoma patients with CHIP. However, little is known regarding the

potential impact of CHIP among patients with lymphoma treated with

less intensive chemotherapy.

A major limitation of our study is the application of a targeted

analysis of 47 recurrently mutated genes in MNs, as well as the use of

a 5% VAF as cut-off. Our approach may have led to the underestima-

tion of CHIP due to the use of a higher threshold than usual. More-

over, using whole-exome-sequencing more CHIP variants might have

been detected. However, our threshold is closer to the one used in

the clinical setting, thus reflecting the prevalence of CHIP in everyday

clinical praxis. Moreover, all the most commonly reported CHIP genes

are included in the NGS panel that was used in our study. In addition,

the number of patients included in our study is limited and therefore

our findings should be interpreted with caution.

In three CHIP cases with bone-marrow involvement (Table S3),

we detected mutations in TET2, TP53 and DNMT3A genes. Despite

normal blood values in these patients, the possibility that the detected

variants may belong to the lymphoma population rather than the nor-

mal hematopoietic tissue cannot be excluded. However, with the

exception of TP53, variants in TET2 and DNMT3A genes are highly

reported in CHIP studies,6 while not reported as somatic in patients

with HGBCL. Unfortunately, lack of available material did not allow

further investigation of these cases.

In conclusion, we report that the presence of CHIP is associated

with an impaired clinical outcome for patients with HGBCL treated

with standard up-front chemo-immunotherapy, a finding with obvious

clinical implications, especially in the era of targeted agents. Our study

F IGURE 1 Kaplan Meier curves for overall survival (OS), Lymphoma specific survival (LSS) and progression-free survival (PFS) (A, B and C
respectively) for patients with CHIP (blue line) and without CHIP (red line)
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highlights the need for further prospective validation of the role of

CHIP in lymphomas in larger cohorts.
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Upper airway microbiome
changes in children with sickle
cell disease during vaso-
occlusive and acute chest
syndrome episodes

To the Editor:

Sickle cell disease (SCD) results in numerous complications, includ-

ing acute chest syndrome (ACS) and vaso-occlusive crises (VOC).

Beginning in infancy, patients with SCD are exposed to prophylactic

antibiotics to prevent invasive pneumococcal disease from func-

tional asplenia. Furthermore, these children commonly receive

empiric broad-spectrum antibiotics when they present with febrile

illnesses. Note, ACS is a leading cause of morbidity and premature

death in people with SCD. Treatment with broad-spectrum systemic

antibiotics is recommended for all occurrences, despite limited stud-

ies on the true occurrence of bacterial infections in ACS. VOC epi-

sodes are the most common complication in children with SCD.
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