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Cell-free RNA (cfRNA) is emerging as a supplemental approach for liquid
biopsy (LBx). Given that lymphoid cells and plasma cells express substan-
tial quantities of immunoglobulin (Ig) and T-cell receptor (TCR) RNA, we
investigated the utility of using cfRNA for detecting B-cell and T-cell clon-
ality in LBxs. Using next-generation sequencing (NGS) of cfRNA, we clo-
notyped Igs and TCRs in LBx samples from patients with B-cell neoplasm,
T-cell neoplasm, myeloid neoplasm and solid tumors alongside cancer-free
individuals. To establish a clonality cutoff, we clonotyped tissue RNA
from patients with confirmed clonal B- or T-cell and from polyclonal.
Clonotype-naive testing of LBx samples demonstrated B-cell clonality in
36% of B-cell neoplasms, 7% of normal, 8% of T-cell lymphomas, 13% of
myeloid neoplasms, and 14% of solid tumors. T-cell clonality using TCR
beta or gamma demonstrated T-cell clonality in 22% of T-cell neoplasms,
3% of normal, 5% of myeloid neoplasms, 7% of solid tumors and 3% of
B-cell neoplasms. This confirms that Clonotype-naive cfRNA testing in
LBx is a reliable approach for detecting B- and T-cell clonality.

Detection of B-

and T-cell clonality in various

fragment length analysis, amplicon based NGS, and to

lymphoid neoplasms is crucial for diagnosis and
monitoring of these neoplasms. Heavy and light chain
immunoglobulins (Igs) as well as T-cell receptors
(TCRs) alpha (TRA), beta (TRB), and gamma (TRG)
are frequently analyzed to determine clonality using
either polymerase chain reaction (PCR) or next-
generation sequencing (NGS) [1-5]. The random pro-
cess of rearranging Variable (V), Diversity (D—for
heavy chains only), and Joining (J) Ig and TCR gene
segments produces massively diverse, unique sequences
that are used as molecular fingerprints to identify the
presence of clonal lymphoproliferations. Typically,
clonality testing is performed on cellular DNA using

Abbreviations

a lesser degree, capture based NGS. Each of these
methodologies comes with its own inherent benefits
and limitations though recent studies suggest that
using hybrid capture can be more accurate and more
reliable for detecting Ig/TCR clonality [4,6-8].

Using cell-free DNA (cfDNA) in tumor-naive clonal-
ity assessment for lymphomas has been reported but is
rarely used in routine practice, instead relying on tissue
biopsy. This is due to poor sensitivity in low tumor bur-
den settings and difficulties with sequencing in tumor
types with ongoing somatic hypermutation [9-11].

RNA has been used to profile Ig/TCR repertoire in
various immune processes but is rarely used in

cfDNA, cell-free DNA; cfRNA, cell-free RNA; CHIP, clonal hematopoiesis of indeterminate potential; g, immunoglobulin; LBx, liquid biopsy;

NGS, next-generation sequencing; TCR, T-cell receptor.
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B- and T-cell clonality using liquid biopsy

evaluating clonality in lymphoid neoplasms [12,13].
There are numerous advantages for using RNA over
DNA in evaluating Ig/TCR clonality. For example,
each cell typically contains numerous copies of light
and heavy Ig or TCR mRNA as compared to one
copy of rearranged Ig or TCR DNA. RNA is also
intronless, and this reduces the interference of the non-
coding sequences in sequence analysis. The intronless
sequence is also important for increasing efficiency and
for capturing a representative high number of clones
when NGS is used.

We have reported that cell-free RNA (cfRNA) anal-
ysis using targeted NGS sequencing as a part of liquid
biopsy can be reliable and provides quantitative
information that can be used to predict specific clinical
conditions [14,15]. Here, we explore the value of quan-
tifying various Ig/TCR expressed clones as detected
using cfRNA and attempt to establish Ig/TCR
clonality criteria for the diagnosis and screening for
lymphoid neoplasms using LBx. The ability to demon-
strate clonality using peripheral blood cfRNA can pro-
vide an alternative to invasive tissue and bone marrow
sampling and may allow for improved monitoring of
minimal residual disease (MRD). Unlike bone marrow
or peripheral blood cells, cfRNA and cfDNA reflect
the entire body and are therefore not hindered by the
sampling bias.

Materials and methods

Samples and RNA extraction

We isolated cfRNA and cfDNA from 1596 consecutive
peripheral blood (PB) samples submitted for liquid biopsy
testing. All PB samples were collected in EDTA and
tested within 72 h of collection. The PB samples were sub-
mitted for confirming diagnosis and or for monitoring of
disease and MRD. These included various types of hema-
tologic neoplasms and solid tumors without any selection.
Based on clinical data and testing results of the liquid
biopsy, 671 of these samples were classified as negative
for a diagnostic cancer (normal), but they included cases
with clonal hematopoiesis of indeterminate potential
(CHIP) (Table 1). Cancer diagnosis was confirmed as
solid tumor in 98 samples, B-cell neoplasms in 449 sam-
ples, T-cell neoplasms in 51 samples, and myeloid neo-
plasms in 327 samples. Diagnosis of the presence of a
solid tumor or hematologic neoplasm was confirmed by
the presence of tumor-specific mutations. The sensitivity
of the assay was in the range of 0.0001 for hot spot
mutations or tumor-informed samples and 0.01 for other
mutations. Table 1 shows the specific diagnosis and classi-
fication of these cases. The median age of patients was 66
(range from 3 to 99). Tissue RNA was collected from 551
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FFPE samples or fresh bone marrow samples with con-
firmed B-cell (n = 501) or T-cell (n = 50) lymphoma/
leukemia and from 188 normal lymphoid tissue or bone
marrow samples and other types of tissue with no evi-
dence of B- or T-cell neoplasms or clonality. The tissue
samples were consecutive and included fresh bone marrow
and tissue samples. All tissue samples were in FFPE
(formalin-fixed paraffin-embedded). submitted for molecu-
lar diagnosis. These included various types of lymphoma,
including multiple myeloma. cfRNA was extracted using
Apostle MiniMax High Efficiency cfRNA/cfDNA isola-
tion kit. Tissue RNA was extracted from FFPE tissues
using an Agencourt FormaPure Total 96-Prep Kit and
automated KingFisher Flex, following the manufacturer’s
recommendations.

The study protocol was approved by the Institutional
Review Board (IRB) of the Western Copernicus Group
(New England IRB, Aspire IRB, and Midlands IRB)
(Number 1-1476184-1). The need for informed consent was
waived due to the incidental collection and lack of risk.
This study was conducted in accordance with the principles
of the Declaration of Helsinki and its amendments.

Targeted RNA and cfRNA next-generation
sequencing

Tissue RNA and cfRNA were processed for NGS using
KAPA RNA HyperPrep (Roche, Indianapolis, IN, USA)
kit as recommended by the manufacturer. The cfRNA pro-
cessing was similar to that of tissue with the omission of
nucleic acid fragmentation. These steps are described in
more detail in a previous paper (Albitar et al., [14]). Hybrid
capture sequencing targeted approximately 1600 genes that
included all immunoglobulin heavy chain (IgH), Kappa
(IgK), and Lambda (IgL) genes as well as all T-cell recep-
tors alpha (TRA), beta (TRB), and gamma (TRG) genes.
Sequencing was performed using the Illumina NovaSeq
6000 instrument. Runs with a minimum of 100 million
reads and > 25% splice junction reads were accepted for
further evaluation.

After sequencing, Dragen 3.8 RNA seq pipeline for
fusion calls and SaLmonN v1.4.0 for expression (TPM) were
applied. The RNA sequencing was considered contami-
nated by DNA and the case was excluded from the study if
the percent of splice junction reads was < 25%.

For B- and T-cell repertoire analysis, sequences were
analyzed using the MiXCR software (https://mixcr.com).
Sequences were first mapped to the germline database,
then assembled to clonotypes. Since our sequencing gener-
ates paired-end data, MiXCR merges and is able to over-
lap mate pairs even if there is only a single overlapping
nucleotide. Low quality nucleotides at read edges were
trimmed. In repertoire analysis, MIXCR corrects the
assembled clones and reports a consensus sequence for
each cluster.
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Table 1. Characteristic of the tested samples.

B- and T-cell clonality using liquid biopsy

Table 1. (Continued).

Category Diagnosis Number Category Diagnosis Number
Normal/CHIP EBV-positive lymphocytosis 1 Bile duct 1
CHIP 478 Carcinoma 23
Normal 182 Histiocytic sarcoma 1
AA 2 Total solid tumors 98
Hodgkin 8 Total 1596
Total normal/CHIP 671
B-cell lymphoid Lymphoma 319 AA, aplastic anemia; ALL, acute lymphoblastic leukemia; CHIP,
CLL 31 clonal hematopoiesis of indeterminate potential; CLL, chronic lym-
Mantle 18 phocytic leukemia; CML-BC, chronic myeloid leukemia-blast crisis;
MM 37 CMML, chronic myelomonocytic leukemia; CNL, chronic neutro-
Follicular 9 philic leukemia; DLBCL, diffuse large B-cell lymphoma; MDS, mye-
Hairy 2 lodysplastic ~ syndrome; MM, multiple myeloma; MPN,
Wald 12 myeloproliferative neoplasm; VEXAS, Vacuoles, E1 enzyme, X-
DLBCL 1 linked, Autoinflammatory, somatic syndrome.
Marginal 1
MDS-Mantle ] Statistical analysis
ALL 2 For determining the cutoff point, receiver operating charac-
: Gammopathy 6 teristic (ROC) analysis was used since the goal was to sepa-
Total B-cell lymphoid 449 . L. .
T-cell lymphoid Tocell 51 rate binary outcome (positive vs negative). We opted to
Myeloid MPN 71 increase specificity over sensitivity. For comparing cutoff
VEXAS 13 points and using two vs one gene family, we used the Wil-
MDS 153 coxon signed-rank test. For all analysis, confidence inter-
AML 26 vals were calculated based on the standard error for the
MDS-AML 15 difference between two independent proportions using
CMML 8 pooled or unpooled standard error estimates to create a
MDS-CMML 20 95% confidence interval.
MPN-CMML 1
MDS-MPN 11
CNL 1 Results
VEXAS-MDS 1
('\:/I&Sl_tocytos's 15 Establishing a cutoff for clonotype-agnostic
CMLBC ; Ig/TCR clonality
Total myeloid 327 In order to establish a cutoff for clonality in a sample,
Solid tumors Endometrial 4 we evaluated the Ig/TCR repertoire in 739 tissue sam-
Thyroid 2
Lung " ples. Of these samples, 188 were c.onﬁrmed polyclonal
Renal 7 for B- and T-cell populations by either flow cytometry
Uterine 1 or conventional molecular studies as well as lack of
Pancreas 3 mutations associated with lymphoid neoplasm. The rest
Cholangio 2 of the cases included 501 confirmed B-cell neoplasms
Liver 2 and 50 confirmed T-cell neoplasms. All samples were
GIST-L ! diagnostic samples with dominant neoplastic tissue. A
g/laflcaonri?a ; relative ratio of the highest expressed (TPM) clonotype
Head&Neack 7 to the second highest expressed clonotype of 10 showed
Breast 11 the highest specificity (100%) with sensitivity of 94%
CLL and-Breast 1 (Fig. 1). Using cutoff of 5 reduced specificity to 63.36%
Prostate 5 [95% confidence interval (CI): 59.07% to 67.49%].
Colorectal 7 while using 8 as a cutoff reduced specificity to 80.78%
Upper Gl 2 (95% CI: 76.63% to 84.48%). We used the 10 cutoff to
Urothelial 1 . . . . .
Ovarian ) assure that clonotype-agnostic testing is highly specific
Squamous ] and to avoid false calling of clonality in
clonotype-agnostic cases. Our goal in using such highly
FEBS Open Bio (2026) © 2026 The Author(s). FEBS Open Bio published by John Wiley & Sons Ltd on behalf of 3

Federation of European Biochemical Societies.

85U801 SUOWILLOD 8A11ER1D) 8|qeot dde 8Ly Aq peusAob e Sapie YO ‘8sh JO S8 J0j AIqiT 8UIIUQ 481/ UO (SUOTIPUOD-PUB-SWBIL00" A3 1WA euq 1 |Bu [U0//SANy) SUONIPUOD Pue SWis | 8y 89S *[920z/80/cT] Uo AriqiTauliuo A(IM * 1|y JeueiN A £2802 €9¥S-TTZZ/200T 0T/I0p/L0d A 1M AleIqipuljuo'sgey//sdny woij papeojumod ‘0 ‘€9vSTTze



B- and T-cell clonality using liquid biopsy

600

Negative # 35 (6%)

500

400

300

No of obs

Positive # 515 (94%)

200

100 Neg # 188 (100%)

Lymphoid Neoplasms No Lymphoid Diagnosis

Fig. 1. Histogram showing the frequency of clonality of B- and
T cell as detected in tissue samples using the highest expressed
clone: the second highest clone with a ratio of 10 or higher using
RNA.

stringent approach is to increase the specificity of detec-
tion of MRD in clonoctype-informed cases. In separate
set of 48 clonotype-informed samples with clonality
ratio less than 10, but with residual disease based on
DNA mutation profile, all 48 testing samples showed
residual disease by mutation profiling (100% sensitiv-
ity). In 19 clonotype-informed samples that were nega-
tive by mutation profiling, IgHV profiling showed no
evidence of residual disease in 18 of the 19 samples.

Establishing sensitivity of Ig/TCR clonality
detection

To evaluate sensitivity of detecting clonality of Ig or
TCR, we compared detection of clonality with detec-
tion of mutations. Mutation percentages represent the
percentage of DNA in the sample more accurately
than RNA since RNA expression may vary dependent
on the cell type and level of differentiation. Serial sam-
ples collected over a period of time from a patient with
B-cell lymphoma and from a patient with T-cell lym-
phoma with specific driver mutations were used. Ig
heavy chain and light chain kappa and TRG clonality
were compared with variant allele frequency of driver
mutations. In the patient with T-cell lymphoma, we
compared TRG clonality with a driving mutation in
PHF6 gene using 9 serial samples collected at different
time points. In the patient with B-cell lymphoma, we
compared IgH and IgK clonality with BRAF mutation
in 6 serial samples collected at different time points.
The difference between time points was 3 to 6 months.

As shown in Fig. 2A, the T-cell clonality remained
detectable using our criteria of 10 : 1 ratio even when

A. Albitar et al.

the mutation variant allele frequency (VAF) level was
at 0.23%. The defined clone (TRGV3) was also detect-
able in subsequent 3 samples when the PHF6 mutation
VAF was not detectable, confirming significantly
higher sensitivity of clonotype-informed testing
(Fig. 2A). In the B-cell lymphoma case, the BRAF
mutation was detectable at VAF of 37% and 15%, in
which the IGH and IGK clonality was detectable
using our 10 : 1 ratio (Fig. 2B,C). However, when the
BRAF mutation was not detectable, both IGH and
IGK clonality based on 10 : 1 was not detectable, but
the defined IGHV3-48 and IGKV4-1 clones were still
detectable (Fig. 2B,C). The sensitivity of detecting
PHF6 or BRAF mutations was determined to be at
1 : 10 000 based on mixing studies. These data suggest
that sensitivity of clonality in a clonotype-agnostic
fashion using a ratio of 10 : 1 is around 0.2%, while
the sensitivity of clonotype-informed testing is better
than 1 : 10 000.

B-cell clonality using cfRNA expression of
immunoglobulin heavy and light chain

Testing 449 samples with clinical data and cfDNA evi-
dence of B-cell lymphoma or multiple myeloma
(Table 1) showed 86 of 449 (19%) samples with
cfRNA expression of an IgH clonotype that meets the
10-fold cutoff (Table 2). In contrast, only 16 of the
671 (2%) normal/CHIP cfRNA samples demonstrated
an IgH clonotype. Figure 3 shows the ratios in all
cases and compares the pattern with normal/CHIP
cases. As shown in Table 2, clonality by IgH was
detected in 5% of cases with solid tumors, 3% of mye-
loid neoplasms, and 4% of T-cell lymphoid neoplasms.
Using a less stringent cutoff point would have
increased the percentage of clonal cases in both B-cell
cases and normal/CHIP cases. Reducing the cutoff
ratio to > 5 increased positivity by 9% in lymphoid
cases and by 4% in normal/CHIP cases.

B-cell clonality data as detected using the light
chains is shown in Table 2 and Fig. 3. A higher per-
centage of clonality is detected using the IgK expres-
sion as compared to IgL in B-cell lymphoid neoplasms
(19% vs 16%). In normal/CHIP cases, 3% were clonal
by IgL and 2% were clonal by IgK. Low-level clonal-
ity by light chain is also detected in non-B-cell neo-
plasms (Table 2).

Improving detection of B-cell clonality using
either heavy or light chains

Assessing clonality by any B-cell receptor clonotype
(heavy chain or light chain) improved detection
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(A) TRGV3 Vs PHF6 mutation
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Fig. 2. Comparing T-cell receptor (TCR) and immunoglobulin (Ig) sensitivity with mutation sensitivity: Panel A shows the percentage of T-cell
receptor gamma (TRG) and the variant allele frequency of PHF6 mutation in the same sample. Nine different time points are shown. The
X-axis represents different testing time points. For each time point, it is stated if clonality based on 10-fold was detected (Yes) or not (No).
Panel B shows a similar comparison between immunoglobulin heavy chain (IgH) clonality and BRAF mutation. Panel C shows testing of the
same samples in B at the same time points but compares light chain Kappa (IgK) with BRAF mutation.

Table 2. B- and T-cell clonality of various samples.

Clonal Clonal Clonal Clonal by any Clonal Clonal Clonal Clonal by any Clonal by TRB or
Number by IgH by Igk by IgL B-cell receptor by TRA® by TRB by TRG  T-cell receptor TRG or both

Normal/ 671 2% 2% 3% 7% 17% 1% 2% 20% 3%
CHIP

B-cell 449 19% 19% 16% 36% 10% 1% 2% 13% 3%

T-cell 51 4% 4% 4% 8% 14% 12% 12% 33% 22%"

Myeloid 327 3% 5% 7% 13% 13% 2% 4% 18% 5%

Solid 98 5% 8% 6% 14% 16% 2% 7% 22% 7%

°lf we exclude the TRAV1-1 gene family in calculating clonality by TRA, T-cell clonality was not detected in normal/CHIP, B-cell neoplasm, or
myeloid neoplasm by TRA and detected in T-cell neoplasms at 4% and in solid tumors at 2%; °If we exclude TRAV1-1 and use TRA, T-cell
clonality is detected at 25% in cases with T-cell lymphoid neoplasms.

significantly from 19% to 36% (P < 0.0001). Only 3 only. In normal/CHIP cases, 7% of cases showed
(0.6%) of cases demonstrated clonality in both IgK clonality by either heavy chain or light chain or
and IgL, and 23 (5%) cases showed clonality in IgH both. Similarly, detection of B-cell clonality increased
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Fig. 3. Plots showing the ratios of the highest expressed clone: the second highest clone of heavy and light chains in normal/clonal
hematopoiesis of indeterminate potential (CHIP) vs. multiple myeloma and B-cell neoplasms. Samples are sorted from the highest to
lowest. The X-axis represents the number of tested cases. The Y-axis shows the ratios. The red line represents the cutoff point of 10 used

for determining positive vs negative.

slightly in myeloid, T-cell neoplasms, and solid
tumors (13, 14, and 8%, respectively) when assessing
clonality by any B-cell receptor (Table 2).

T-cell clonality using cfRNA expression of T-cell
receptors

Using the same clonality cutoff ratio of 10-fold,
TRA showed clonality at high percentage in all types
of neoplasms (Table 2 and Fig. 4). A TRAVI-1 clone
was detected at high level in the majority of these
cases. If we exclude cases with a TRAVI1-1 clonotype,
only two cases with T-cell neoplasm (5%) and two
cases with solid tumors (2%) show clonality by
TRA. None of the normal/CHIP, B-cell neoplasms,
or myeloid neoplasms showed clonality using TRA if
we exclude the TRAVI-1 gene family. This reflects
the limited diversity in the T-cell receptor alpha rep-
ertoire. T-receptor beta and gamma were more spe-
cific in detected clonality. T-cell clonality using TRB
was at 1% in normal/CHIP cases and B-lymphoid
cases and at 12% in T-cell lymphoid neoplasms. In
solid tumors and myeloid tumors, clonality was
detected at 2% using our 10-fold cutoff (Table 2 and
Fig. 4). Similarly, clonality using TRG was specific
and detected in normal/CHIP and B-lymphoid cases
at 2%, T-lymphoid cases at 5%, solid tumors at 7%,
and myeloid tumors at 4%.

Improving detection of T-cell clonality using TRB
or TRG

Using either TRB or TRG, 22% of T-cell cases
showed clonality, while only 3% of normal/CHIP
cases, 5% of myeloid cases, and 7% of solid tumors
showed clonality.

Including TRA increased the clonality in T-lymphoma
cases to 33%, but specificity was low because clonality
was also detected in normal/CHIP cases at 20% and in
solid tumors at 22% (Table 2). However, if we exclude
TRAVI1-1 and use other TRA families to improve speci-
ficity, T-cell clonality is detected at 25% in cases with T-
cell lymphoid neoplasms.

Discussion

Detecting Ig/TCR clonality is important for the
diagnosis, monitoring, and therapeutic planning in
lymphoid neoplasms and in multiple myeloma. Tradi-
tionally, clonality is established using DNA by the
demonstration of the presence of a uniquely rear-
ranged V(D)J clone. It is accepted that cancer arises in
one lymphoid cell; after rearrangement and in the
uncontrolled proliferation of this cell, the clonotype is
largely preserved. Although somatic hypermutation
may occur, the V gene and CDR3 nucleotide
sequences are maintained and the clonotype does not
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Fig. 4. Plots showing the ratios of the highest expressed clone: the second highest clone of T-cell receptors in normal/clonal hematopoiesis
of indeterminate potential (CHIP) vs. T-cell neoplasms. Samples are sorted from the highest to lowest. The X-axis represents the number of
tested cases. The Y-axis shows the ratios. The red line represents the cutoff point of 10 used for determining positive vs negative.

change. Therefore, cancer can be monitored by testing
for the presence of this rearranged clonotype. In gen-
eral, monitoring takes place by defining the T-cell or
B-cell clonotype that was detected in the diagnostic
lymphoma, leukemia, or multiple myeloma sample;
then this clone is followed in subsequent analysis
(clonotype-informed).

The rearranged clone is commonly analyzed and
quantified by PCR amplification or NGS of the DNA
of the CDR3 segment. When NGS is used, the Ig/
TCR gene family is defined from the DNA sequence;
then, this family is followed and monitored as a part
of MRD monitoring.

In this paper, we are addressing the potential of
using peripheral blood cfRNA for the establishment of
clonality in lymphoid neoplasms and for potential
monitoring. While every cell contains one copy of the
expressed rearranged Ig or TCR, numerous copies of
the expressed RNA are typically present in each cell.
The abundance of Ig/TCR RNA in lymphoid cells
may increase the sensitivity of detecting and monitor-
ing clonality [13]. Current advances in NGS allow us
to quantify mRNA and determine the sequence and
the expressed family very reliably and reproducibly.
Furthermore, for NGS in routine clinical testing,
sequencing the Ig/TCR intronless RNA is significantly
more cost-effective and practical than sequencing the
entire genomic loci of Ig/TCR with all their introns.

We have previously reported our approach to isolate
and sequence cfRNA in reliable and reproducible

fashion [14,15]. Our approach for determining clonal-
ity by cfRNA is to sequence the entire Ig and TCR
RNA by hybrid capture and NGS, then define the top
expressed gene families (clonotypes) and compare their
relative expression levels to determine the presence or
absence of clonality. To establish the expression level
of a clonotype as compared to other clones, we tested
a large number of tissue samples known to be either
positive or negative for B- or T-cell neoplasms as con-
firmed by either flow cytometry/immunohistochemistry
(IHC) or PCR assays. Using a ratio of the highest
expressed clone or gene family to the second highest
clone of 10 was a stringent enough cutoff point to
classify 100% of known negative control samples as
negative. We excluded the TRA expression profile in
this validation (see below). However, this stringent cri-
terion misclassified 6% of the clonal cases as negative
(100% specificity and 94% sensitivity), which is accept-
able for clonotype naive testing. In clinical practice,
clearly a ratio between 5 and 10 should be considered
in the context of other findings, such as mutations,
flow cytometry/IHC, or morphology for determining
clonality.

After establishing the cutoff point for clonality, we
analyzed cfRNA data in a large number of plasma
samples from patients known to have hematologic and
solid tumors as well as samples from normal individ-
uals or individuals with CHIP. These peripheral blood
samples showed evidence of circulating tumor DNA
and RNA with various levels of disease. Majority of
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these samples were tested to evaluate MRD based on
mutation profiling.

For the demonstration of Ig clonality, we analyzed
clonality in the heavy chain (IgH) and light chains
kappa (IgK) and lambda (IgL). As shown in Table 2,
only 7% of all normal individuals or individuals with
CHIP showed evidence of clonality for B-cell in at
least one of these markers. Most of the tested samples
were from individuals at advanced age and this preva-
lence is expected to be high in this age group based on
the reported prevalence of monoclonal B-cell lympho-
cytosis (MBL) [16]. The median age of this tested
group was 66 years. Similarly, T-cell clonality was
detected using either TRB or TRG in 3% of normal/
CHIP population. This also has been reported in nor-
mal individuals as T-cell clones of uncertain signifi-
cance (T-CUS) [17,18].

We were able to demonstrate clonality in 36% of
cfRNA of patients with B-cell neoplasms or multiple
myeloma. In T-cell neoplasms, we detected clonality
meeting the 10-fold cutoff in 22% of cases. Using
TRA after excluding TRAVI1-1 gene family increased
the detection rate by 2% (total 25%). TRA is known
to have limited diversity and TRAVI1-1 appears to be
dominantly expressed, which reduces the specificity if
used for determining clonality. To increase specificity,
using two rearranged receptors should always be
attempted whenever possible. This testing is based on
detecting 10-fold clonal dominance as compared with
other clonotypes. For monitoring when the clonotype
is predefined based on testing a diagnostic neoplastic
sample (clonotype-informed), 10-fold dominances are
not required and the detection of the same clone is
adequate for confirming MRD. Therefore, the sensitiv-
ity of this approach is expected to be significantly
higher if testing is clonotype-informed. Furthermore,
the majority of the cases included in this testing con-
tained very little disease in circulation. For screening,
this data suggests that clonality alone is inadequate for
diagnosis and mutation profiling as well as chromo-
somal abnormalities (CNV) should also be considered.
In addition, 3% of the lymphoid group showed clonal-
ity for both T cells and B cells, which also suggests
that mutation profiling is necessary for proper inter-
pretation of findings.

B- and T-cell clonality was detected in patients with
myeloid neoplasms and solid tumors (Table 2). While
cross-lineage rearrangements/lineage infidelity has been
described [8], this could also be due to either the co-
presence of lymphoid neoplasms or due to a reactive
process in response to the solid or myeloid neoplastic
process. Also, we cannot rule out the possibility that
the clonality in circulation reflects clonal proliferation

A. Albitar et al.

of lymphoid cells at the tumor site. The data suggest
that while clonality alone should not be used to deter-
mine the presence or absence of lymphoid neoplasm, it
might provide information that can be useful to evalu-
ate the overall health of the immune system.

This study is limited by not comparing the findings
in the peripheral blood cfRNA with the findings in
simultaneously collected tissue samples. While this
head-to-head comparison can be performed in cases
with localized tumors, it is difficult to perform when
the tumor is at a low level. Furthermore, the current
study does not address the potential of false negative
cases due to somatic hypermutations and misclassifica-
tion of expression gene families. At any rate, the cur-
rent study is the first of its kind showing that using
cfRNA is a practical and reliable approach to detect
B- and T-cell clonality. Further studies are needed to
determine the practicality and sensitivity of this
approach for detecting and monitoring MRD, espe-
cially when combined with mutation profiling.
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