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Abstract
Purpose of Review  Recent advances have been made in circulating tumor DNA (ctDNA), the method to minimally invasive 
detect lymphoma sensitively with tumor-derived DNA in the blood of patients with lymphomas. This article discusses these 
various methods of ctDNA detection and the clinical context in which they have been applied to for a variety of lymphoma 
subtypes.
Recent Findings  ctDNA has been applied to a variety of subtypes of lymphoma and has been used in the context of genotyp-
ing somatic mutations and classification of disease, monitoring of response during treatment, detecting minimal residual 
disease even with radiographic remission, and predicting relapse and long-term survival outcomes. There are a variety of 
techniques used to measure ctDNA including digital polymerase chain reaction and next-generation sequencing techniques 
including high-throughput variable-diversity-joining rearrangement sequencing, high-throughput sequencing of somatic 
mutations, and Cancer Personalized Profiling by deep sequencing. While the greatest data has been generated in diffuse large 
B cell lymphoma, there have been studies utilizing application of ctDNA in follicular lymphoma, mantle cell lymphoma, 
Hodgkin’s lymphoma, peripheral T cell lymphoma, and primary CNS lymphoma among others.
Summary  ctDNA is an emerging biomarker in lymphoma that can minimally invasively provide further genotypic informa-
tion, diagnostic clarification, and treatment prognostication by detection of minimal residual disease even without radio-
graphic evidence of disease. Future studies are needed to standardize the use of ctDNA and translate its use clinically for 
the management of lymphoma patients.
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Introduction

Precision medicine approaches in non-Hodgkin’s lymphoma 
(NHL) have really revolutionized the field and has enabled 
the selection of therapies tailored to the molecular profile of 
each patient. The traditional method of determining tumor 
genetic profiles has been through tissue biopsies which con-
tains many challenges including procedural risks, sampling 
error, and spatial tumor heterogeneity. This has led to a lot 
of interest in liquid biopsies, which involves sampling blood 
to analyze tumor cells or tumor cell products. The idea of 

liquid biopsy was developed initially among solid tumors 
and has more recently been adapted to malignant hematol-
ogy including NHL.

Cell-free DNA (cfDNA) is the circulating double-
stranded DNA fragment that is released from tumor tissue 
into the peripheral blood after normal processes of cell pro-
liferation and cell death. Circulating tumor DNA (ctDNA) is 
the proportion of tumor-derived cfDNA. A variety of recent 
studies have investigated the role of ctDNA as a sensitive 
biomarker for detection of disease, monitoring of treat-
ment response, and detection of early relapse in a variety 
of lymphoma subtypes. There are a variety of technologies 
currently available for ctDNA detection including polymer-
ase chain reaction (PCR)–based methods, next-generation 
sequencing (NGS)–based techniques, and cancer personal-
ized profiling by deep sequencing (CAPP-seq) techniques.

ctDNA has a variety of applications: pre-treatment ctDNA 
levels can correlate with tumor burden and prognosticate 
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outcomes; ctDNA during treatment can be used to moni-
tor response and resistance; lastly, ctDNA can also be used 
post-treatment for surveillance, monitoring, and detection 
of early relapse.

Methodologies of Measuring ctDNA

Both PCR-based and NGS-based ctDNA methods have been 
developed and used in lymphomas. PCR-based methods 
include digital PCR (dPCR) which allows for the evaluation 
of individual clonal genomic variants. Given that only lim-
ited and known variants can be screened with this method, 
NGS-based methods are favored for detecting and monitor-
ing ctDNA in lymphoma [1••]. The three types of NGS-
based techniques include Ig sequencing, high-throughput 
sequencing of somatic mutations such as lymphopanel, and 
deep sequencing with CAPP-seq [1••].

Digital‑PCR

Studies have demonstrated that dPCR is more sensitive 
than quantification PCR for the measurement of circulat-
ing biomarkers [2]. A sensitive and specific probe-based 
dPCR assay was designed to detect common mutations in 
lymphoid malignancies: exportin-1 (XPO1) E571K muta-
tion (primary mediastinal B cell lymphoma and Hodgkin’s 
lymphoma), EZH2 Y641N mutation (follicular lymphoma 
and diffuse large B cell lymphoma (DLBCL)), MYD88 
L265P mutation (lymphoplasmacytic lymphoma/Walden-
strom macroglobulinemia, DLBCL, and primary CNS lym-
phoma), BRAFV600E (hairy cell leukemia), RHOA G7V 
(angioimmunoblastic T cell lymphoma) [3••]. This has a 
sensitivity of a 10.−5 detection limit and is relatively easy, 
quick turnaround, and inexpensive. However, the major dis-
advantage is that this technique can only screen and detect a 
limited number of mutations. The limited amount of ctDNA 
in blood samples of lymphoma patients also further restricts 
the ability of dtPCR to monitor MRD. The detection limit 
may also lead to some false positives [4].

High‑Throughput Variable‑Diversity‑Joining 
Rearrangement Sequencing

Each B cell lymphoma contains a unique clonotypic varia-
ble-diversity-joining (VDJ) rearrangement that can be identi-
fied on the initial tumor tissue using high-throughput VDJ 
NGS [3••, 4]. The ClonoSeq assay (Adaptive Biotechnolo-
gies, Seattle, WA) can be used to monitor disease by tracking 
the unique clonotype for each patient [3••]. Clonoseq is the 
first and only FDA-cleared assay used for MRD monitor-
ing in any lymphoid cancer. By identifying and tracking 
tumor clones, it can provide a comprehensive landscape of 

immunoglobulin gene rearrangements [5•]. ClonoSeq has 
been found to be highly sensitive in detecting a deeper dis-
ease response to therapy in a variety of lymphoma subtypes 
and thus may be able to aid in both therapeutic decision-
making and prognostication [6]. There is rising evidence that 
this NGS assay may be more sensitive than standard imaging 
in predicting relapse in DLBCL. Limitations of this tech-
nique include the absence of VDJ rearrangements in some 
patients (such as immunoglobulin negative primary medi-
astinal B cell lymphoma and some de novo DLBCL), lack 
of reproducibility, and inability to tailor targeted therapy or 
detect the emergence of resistance clones under therapy [4].

High‑Throughput Sequencing of Somatic Mutations

There have been many studies that have demonstrated the 
recurrence of targetable activating mutations in DLBCL and 
other B cell lymphomas. An NGS “Lymphopanel” has been 
developed to identify somatic mutations in 34 genes and was 
able to detect identifiable mutations in majority of patients 
with de novo DLBCL, including ones that may help tailor 
the use of targeted therapies (i.e., EZH2, MYD88, XPO1) 
while also serving as a MRD biomarker [7•]. Through 
detecting these mutations in patients’ plasma ctDNA, the 
lymphopanel can be used along with PET imaging to more 
precisely evaluate treatment response as demonstrated in 
a prospective series of 30 DLBCL patients treated with 
frontline RCHOP in which three of the four patients who 
had residual mutations detected via ctDNA mid-treatment 
had partial response seen on PET [8•]. Genotyping liquid 
biopsies can serve as a marker of MRD and further classify 
disease to personalize treatment. One study found that iden-
tification of mutations via liquid biopsies had 80% concord-
ance with the Hans algorithm in determining cell of origin 
(COO) [9]. Lymphoma genotyping on ctDNA can address 
the need for a comprehensive and minimally invasive source 
of tumor genotyping. Given ctDNA provides comprehensive 
information regarding the entire lymphoma heterogeneity, it 
may overcome the sampling bias caused by tissue biopsies in 
reconstructing the clonal architecture of the tumor, identify 
resistant clones that may be difficult to access via biopsy, 
and allow for continuous monitoring of treatment emergent 
resistant mutations in real time [10]. However, further stud-
ies assessing the validity of this approach need to be per-
formed before implementing in routine clinical practice and 
decision-making [11•].

Cancer Personalized Profiling by Deep Sequencing

CAPP-seq is a highly sensitive, high-performing, and high-
throughput sequencing technique for ctDNA measurement 
that allows for the rapid quantification of rare circulating 
somatic mutations in tumors. Establishing the COO via 
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immunohistochemistry or via ctDNA using CAPP-seq 
method was found to have a high 88% concordance [9]. 
CtDNA via CAPP-seq has also demonstrated the ability to 
identify clonal evolution that may distinguish indolent fol-
licular lymphoma from subsequent transformed DLBCL [9]. 
CAPP-seq also correlates with DLBCL disease volume on 
PET scan during treatment, thus highlighting its potential 
application as a marker of treatment response and relapse. 
This technique also allows for identification of structural 
variations including translocations and copy number varia-
tions [12]. CAPP-seq can measure disease burden molecu-
larly, determine lymphoma genotype, determine treatment 
resistance by expanding somatic mutations, detect MRD, 
and predict pre-clinical relapse. However, further studies 
need to be done to test its reproducibility prior to incorpo-
rating into real-time clinical practice and use in clinical trials 
for detection of MRD [4].

Clinical Applications of ctDNA Measurement

Diffuse Large B Cell Lymphoma

Multiple prior studies have explored the role of ctDNA in 
DLBCL and demonstrated its potential to serve as a prog-
nostic biomarker. The studies have spanned a variety of 
methods of ctdNA detection focused on various lymphoma-
specific targets used at a variety of time points through the 
course of treatment.

ctDNA as a Baseline Prognostic Marker in DLBCL

The baseline tumor burden in DLBCL can help risk-stratify 
patients. Baseline ctDNA levels have been demonstrated to 
correlate with overall tumor burden in DLBCL, thus allow-
ing ctDNA to serve as a prognostic marker at the time of 
diagnosis. A study of 126 patients demonstrated that baseline 
ctDNA level using NGS VDJ rearrangement sequencing was 
associated with baseline international prognostic index (IPI) 
scores, lactate dehydrogenase levels, and radiographic staging 
of DLBCL patients [13•]. A separate study utilizing similar 
ctDNA assay demonstrated that ctDNA correlated with total 
metabolic tumor volume (TMTV) on baseline FDG-PET scan 
[14•]. A large study evaluating pre-treatment ctDNA levels 
in 267 patients with DLBCL using CAPP-seq found that pre-
treatment ctDNA levels were significantly associated with 
stage, IPI, and TMTVs. The study also found a direct corre-
lation between shorter diagnosis-to-treatment interval (DTI) 
and higher pretreatment ctDNA levels. Furthermore, ctDNA 
level was prognostic of event-free survival (EFS) independent 
of DTI and IPI in multivariable Cox regression [15•]. Another 
large study of 217 patients also evaluating the prognostic role 
of ctDNA using CAPP-seq found that baseline ctDNA was 

associated with survival outcomes (EFS and overall survival 
(OS)) in patients receiving frontline or salvage therapy [16•]. 
On multivariable analysis, baseline ctDNA concentration was 
found to be a better predictive marker of EFS compared to 
other prognostic markers such as IPI score, tumor burden on 
baseline scan, or COO [16•]. Correlatives from the polatu-
zumab-bendamustine rituximab study demonstrated that after 
adjusting for a variety of factors including number of prior 
therapies, IPI score, and LDH, high baseline ctDNA was inde-
pendently prognostic for shorter progression-free survival and 
OS [17]. A prospective study that evaluated ctDNA via VDJ 
high-throughput sequencing found that pre-axi-cel chimeric 
antigen receptor therapy (CAR T) treatment ctDNA concen-
tration was associated with PFS after axi-cel and was also 
associated with the development of toxicities of special inter-
est, namely cytokine-release syndrome and immune effector 
cell–associated neurotoxicity syndrome [18•].

ctDNA can also identify and integrate genetic informa-
tion from DLBCL patients in a non-invasive manner and 
identify somatic mutations that establish distinct molecular 
signatures in DLBCL. Studies have shown high concordance 
(nearly 90%) of ctDNA with tumor tissue IHC in classifying 
DLBCL according to COO subtype at the time of diagno-
sis [9]. ctDNA has also been used to identify key somatic 
mutations and lymphoma-relevant genetic aberrations at 
the time of diagnosis to help tailor targeted treatments [19]. 
Repetitive genotyping using ctDNA can also help identify 
resistance mutations [19]. In transformed DLBCL, ctDNA 
can be used to identify distinct models of clonal evolution 
thus suggesting its potential use for noninvasive prediction 
of histologic transformation.

ctDNA as a Marker of Treatment Response During Therapy 
in DLBCL

Quantitative ctDNA can serve as a dynamic measure of 
treatment efficacy. A landmark prospective study evaluated 
30 newly diagnosed DLBCL patients with serial ctDNA 
measurement while being treated with frontline R-CHOP 
[20•]. This study demonstrated that responding patients had 
rapid clearance of ctDNA suggesting that ctDNA can serve 
as a tool that allows for real-time evaluation of response and 
detection of new treatment-resistant clones during therapy 
[20•, 21••]. Another study found that DLBCL patients who 
had undetectable ctDNA, measured by NGS immunoglobu-
lin receptor gene sequencing, after two cycles of RCHOP 
therapy had superior PFS compared with patients who 
remained ctDNA positive [13•]. A larger study using CAPP-
seq for ctDNA demonstrated that a 2-log reduction in ctDNA 
after one cycle of RCHOP therapy as well as 2.5 log reduc-
tions after 2 cycles of RCHOP for DLBCL were more pre-
dictive of EFS and OS compared with baseline ctDNA lev-
els, IPI score, or interim PET results [16•]. Thus, dynamic 
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changes in ctDNA can not only measure response in a more 
sensitive way than radiographic imaging but can also serve 
as a prognostic marker for survival outcomes. ctDNA cor-
relatives from polatuzumab and bendamustine + rituximab 
phase II study in 23 r/r DLBCL patients with baseline and 
end of treatment (EOT) samples demonstrated that patients 
who achieved complete response had significantly greater 
decrease in ctDNA levels [17].

ctDNA After Therapy as a Marker of Early Disease Relapse 
and Clonal Evolution in DLBCL

Serial monitoring of ctDNA after completion of therapy 
can also serve as a minimally invasive surveillance strategy 
to identify asymptomatic relapse even before radiographic 
detection and to characterize treatment resistance and 
clonal evolution. One study evaluated 107 DLBCL patients 
prospectively after completion of induction therapy with 
radiographic scans surveillance paired with blood samples 
[13•]. Seventeen of these patients had relapsed after initial 
remission and 88% of these patients had detectable ctDNA 
at the time of or prior to clinical or radiographic relapse 
with a median lead time of ctDNA detection prior to clinical 
relapse of 3.5 months. In the remaining 90 patients who did 
not relapse after remission, ctDNA was persistently negative 
at almost all time points [13•]. Another study measuring 
ctDNA via immunoglobulin high-throughput sequencing 
found that ctDNA correlated with radiographic disease bur-
den and often preceded radiographic detection of relapse 
in patients achieving remission [14•]. A study measuring 
ctDNA via CAPP-Seq demonstrated that ctDNA was detect-
able in all patients at time of relapse and in 73% of patients 
prior to radiographic relapse with a median lead time of 
over 2 months [9]. A prospective study that evaluated 401 
patients with DLBCL who achieved a radiographic com-
plete response and had, as part of post-treatment surveil-
lance strategy, measurement of ctDNA via an NGS-based 
assay every 3 months for 2 years found that 91% of patients 
who relapsed had detectable ctDNA. In 56% of patients, 
the ctDNA was detectable before at the time of relapse and 
in 26% of patients ctDNA was detectable with a lead time 
of over 3 months prior to clinical detection [22]. Another 
prospective study that evaluated ctDNA via VDJ high-
throughput sequencing found that at 1 month post axi-cel 
infusion, patients with detectable ctDNA had a statistically 
significant lower median PFS (3 months vs not reached) and 
OS (19 months vs not reached) when compared to those 
with undetectable ctDNA. In 94% of patients, ctDNA was 
detected at or before radiographic relapse. All durably 
responding patients had undetectable ctDNA at or before 
3 months after axi-cel infusion. This suggests the role of 
ctDNA as a prognostic marker of survival outcomes and 
early predictor of relapse post CAR T [18•].

Evaluation of ctDNA after completion of therapy as part of 
surveillance can also be used to understand clonal evolution 
and characterize the development of new clones at the time of 
resistance. A study using CAPP-seq for ctDNA detected new 
mutations at the time of relapse that were not present at the time 
of original diagnosis [20•]. Thus, these studies demonstrate 
ctDNA can be used as a surveillance tool to identify patients 
not in molecular remission despite radiographic remission and 
thus detect disease prior to clinical or radiographic relapse and 
to also track genomic clonal evolution and identify new clones 
of resistance that can be used to tailor subsequent therapies 
[1••, 23]. This could be used in the future real time to guide 
management decisions. For example, detection of molecular 
disease with ctDNA after salvage chemotherapy in patients with 
r/r DLBCL who have achieved radiographic remission could be 
used to determine if patients should get consolidative autolo-
gous stem cell transplant or CAR T after salvage chemotherapy. 
Another example of the clinical application of ctDNA post 
treatment includes serial monitoring of ctDNA after comple-
tion of CAR T therapy to identify patients high-risk for relapse 
so treatment improving T cell function and minimizing T cell 
exhaustion such as checkpoint blockade or immunomodulatory 
agents can be initiated in these patients at the time of detection 
of molecular disease.

Follicular Lymphoma

ctDNA has also been shown to have an important role in 
prognostication as well as prediction of relapse and trans-
formation in follicular lymphoma (FL). A prospective study 
evaluating ctDNA in FL patients demonstrated that plasma 
ctDNA correlated to TMTV and serial monitoring of ctDNA 
in patients without therapy demonstrated various patterns of 
fluctuation and undetectable ctDNA correlated with clini-
cal regression [24•]. Plasma samples at diagnosis from 34 
patients in the PRIMA trial was studied and in multivariate 
analysis, a high baseline level of ctDNA measured by VDJ 
immunoglobulin rearrangement sequencing was the only 
independent factor associated with shorter PFS in patients 
[25]. Other studies have also demonstrated the prognostic 
value of baseline ctDNA in FL, with higher ctDNA levels 
corresponding to higher tumor burden and shorter PFS [26]. 
ctDNA analyzed from 415 patients enrolled in the FOLLO5 
trial was also evaluated both pre-treatment with conventional 
chemoimmunotherapy and at 12 and 24 months of follow-up 
after completion of treatment. Patients without a molecular 
marker or with a low molecular tumor burden showed higher 
CR rate and longer PFS rate. MRD negativity at 12 and 
24 months post treatment resulted in an improved PFS both 
in patients who achieved complete remission and in patients 
who achieved partial remission thus suggesting that ctDNA 
may be a more sensitive prognostic marker for survival com-
pared to radiographic response in FL [27•].
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Clinical progression in FL patients may also lead to 
DLBCL transformation in around 20% of patients [28]. A 
study evaluating tumor and plasma samples of transformed 
FL patients showed that new mutations were detected at the 
time of transformation (not present a the time of diagnosis) 
and sometimes detected weeks to months prior to clinical 
evidence of transformation [9]. Thus, ctDNA may serve as 
a minimally invasive method of predicting transformation 
in FL patients.

Mantle Cell Lymphoma

MRD has been used for the past 20 years in the context of 
mantle cell lymphoma (MCL), initially based on evidence 
from PCR-based methods and more recently with NGS-
based methods [5•]. A pooled analysis of transplant-eligi-
ble MCL patients treated with frontline chemoimmunother-
apy found high rates of MRD negativity that could persist 
for years after ASCT [29]. MRD has been demonstrated to 
be correlated with PFS in another study evaluating MCL 
patients treated with bendamustine-rituximab induction 
followed by rituximab ± lenalidomide consolidation [30]. 
ctDNA dynamics was evaluated in a phase 2 study of 53 
treatment-naïve MCL patients who received induction 
therapy with bortezomib and DA-R-EPOCH for 6 cycles 
followed by randomization to observation or bortezomib 
maintenance in responding patients [31]. Patients without 
detectable ctDNA after 2 cycles of induction had longer 
PFS and OS compared to those with detectable ctDNA. 
Monitoring ctDNA after induction demonstrated that 
molecular relapse can precede clinical relapse [31]. This 
study demonstrates that interim ctDNA negativity after 
induction therapy in MCL can correlate with improved 
response and thus further supports response-adapted strat-
egies [31]. A phase II study of sequential chemoradioim-
munotherapy followed by autologous stem cell rescue in 
MCL incorporated NGS-based ctDNA monitoring post 
treatment with samples collected from 16 patients. Five 
out of the 7 patients whose disease remained in remission 
had undetectable MRD. Of the 9 patients whose disease 
relapsed, 6 patients had MRD positivity at least 3 months 
before relapse and 1 patient had MRD positivity at the 
time of relapse. All patients who had at least 2 positive 
MRD tests clinically relapsed. This study demonstrated 
that NGS-based ctDNA could identify early molecular 
relapse [32]. The ongoing ECOG ACRIN 4151 trial evalu-
ates the role of ASCT in MCL patients who achieve MRD 
negativity, as measured by ClonoSeq, in addition to radio-
graphic complete remission after induction therapy. MRD 
data continues to evolve in MCL and increasing data is 
allowing ctDNA to be incorporated into landmark MCL 
clinical trials [5•].

Hodgkin’s Lymphoma

Given the scarcity of Hodgkin’s Reed-Sternberg cells, the 
tumor volume in Hodgkin’s lymphoma (cHL) is significantly 
smaller than that of other aggressive lymphomas. However, 
despite that, the correlation between ctDNA levels and 
tumor volume on radiographic imaging is very similar in 
cHL to that in DLBCL [1••]. ctDNA is a rich and easily 
accessible source of tumor DNA for cHL mutation profiling, 
hence serving as a source for evaluating molecular bases 
of response and resistance to immunomodulatory therapy 
in clinical trials [1••]. In a retrospective study, the XPO1 
E571K mutation was monitored in ctDNA via dPCR and 
NGS techniques from patients with cHL harboring the 
reporter and found to be present in 24% of patients. The pres-
ence of this mutation at the EOT correlated with shorter PFS 
[33]. Detection of XPO1 E571K mutation in plasma ctDNA 
may serve as a novel biomarker in HL and should be further 
evaluated in a prospective study. However, XPO1 E571K is 
the only recurrent single mutation but is limited to 10–20% 
of cases [1••] and most Hodgkin’s lacks a universal bio-
marker for monitoring given the absence of highly prevalent 
mutations. Thus, the quantification of ctDNA based on the 
detection of tumor-specific mutations in cHL can be chal-
lenging [1••]. A report recently assessing levels of plasma 
ctDNA using real-time PCR in pediatric HL cases found that 
ctDNA level in patients with HL correlated with B-symp-
toms and increase in ctDNA levels after the first cycle of 
chemotherapy was liked to predict worse prognosis [34]. 
Another ctDNA NGS study identified genomic imbalances 
in HRS cells at diagnosis with rapid normalization upon 
therapy initiation, thus suggesting a possible role of ctDNA 
in early response monitoring [35•]. A study using deep 
NGS-based ctDNA combined with PET imaging provided 
the proof of concept that ctDNA can track residual disease 
and may serve as a novel precision medicine biomarker in 
cHL and a method of early identification of chemorefractory 
patients with cHL [36]. Genotyping of longitudinal ctDNA 
samples collected before salvage treatment, at the time of 
relapse, and during salvage therapy with the use of novel 
agents and following transplantation has identified clonal 
evolution patterns in cHL [36]. Further studies are underway 
monitoring ctDNA in cHL pivotal trials to better understand 
the predictive and prognostic utility of MRD measurement.

Peripheral T Cell Lymphoma

There has been some recent emerging data regarding the use 
of ctDNA in T cell lymphomas. NGS-based high-throughput 
T cell receptor (TCR) sequencing of TCRβ and TCRγ genes 
provides a comprehensive analysis of distinct T cell clones 
which can be tracked in peripheral blood. Significant clono-
typic heterogeneity of the TCR which may cause treatment 
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resistance is present in peripheral T cell lymphoma (PTCL) 
patients. A prospective study assessing of tumor and blood 
samples of T cell lymphoma patients found that baseline 
ctDNA correlated with LDH and high level of ctDNA pre-
dicted treatment failure and worse PFS in a statistically sig-
nificant manner. This study also demonstrated that change in 
ctDNA correlated with clinical outcomes in a more sensitive 
manner than PET/CT and ctDNA was predictive of relapse 
in T cell lymphoma patients [37]. Another study evaluating 
NGS-based ctDNA in 45 PTCL patients undergoing front-
line treatment also demonstrated that patients with detect-
able ctDNA after therapy had worse survival [38•]. MRD 
negativity, however, defined as clearance of ctDNA after 2 
cycles or at EOT did not significantly predict clinical out-
comes, though these results are limited by small study sam-
ple size [38•]. For patients with MRD positivity, median 
lead time from clonotype detection to clinical progression 
was 12.5 months [38•]. Further studies are needed to opti-
mize use of ctDNA in PTCL to guide therapeutic decisions.

Primary Central Nervous System Lymphoma

Primary CNS lymphoma (PCNSL) is a relatively rare type 
of disease that predominantly affects elderly patients and 
has a poor prognosis. This is a diagnostically challenging 
disease given anatomically hard-to-biopsy tumor with his-
tological material that is often present in insufficient quan-
tities. Hence, minimally invasive methods of diagnosing 
PCNSL through ctDNA and radiographic MRI imaging in 
lieu of tissue biopsy would be clinically extremely useful 
[4]. A retrospective study of 25 PCNSL patients with 32% 
displaying measurable somatic variants in ctDNA demon-
strated the utility of ctDNA NGS in detecting gene altera-
tions in PCNSL patients [39]. Several retrospective stud-
ies have demonstrated that in patients with MYD88 L265P 
PCNSL, ctDNA using droplet dPCR successfully identified 
this somatic variant in cerebrospinal fluid (CSF) samples 
in 71–77% cases, thus suggesting that detection of MYD88 
L265P mutation in CSF or plasma could be an additional 
important diagnostic tool [40, 41]. Studies have also shown 
that CSF ctDNA can better detect CNS lesions than plasma 
ctDNA and flow cytometry [42]. A retrospective study of 
19 patients found ctDNA in the CSF of all patients with 
restricted CNS lymphoma but only was detected in the 
plasma of 2/6 patients. Furthermore, CSF ctDNA was also 
found to be better at detecting residual disease than flow 
cytometry in patients after receiving treatment, thus demon-
strating its utility in predicting relapse in patients with CNS 
lymphoma [42]. Another recent study applied CAPP-Seq 
methods to explore the utility of ctDNA in noninvasively 
distinguishing CNS lymphoma from other CNS tumors 
based on their mutational landscapes in plasma and CSF. 
This study found a high specificity and positive predictive 

value of ctDNA for non-invasive diagnosis of PCNSL. This 
study also observed a significant correlation of ctDNA con-
centrations with total radiographic tumor volumes measured 
by MRI. Baseline pre-treatment ctDNA levels and ctDNA 
positivity during curative-intent induction therapy also pre-
dicted survival [43•].

Conclusion

ctDNA has in the recent years transformed the approach 
to lymphoma diagnosis, monitoring, and early detection of 
clonal evolution. Advances in techniques including NGS, 
dPCR, and CAPP-seq have enabled the examination of mul-
tiple mutations in ctDNA and correlation of these mutations 
with survival outcomes, treatment response, and prediction 
of resistance and clonal selection. The use of ctDNA has 
been applied to multiple different lymphoma types including 
DLBCL, FL, MCL, HL, PTCL, and PCSNL among others. 
A variety of independent studies in these subtypes of lym-
phoma have demonstrated the utility of ctDNA measurement 
throughout the disease course of patients from baseline, to 
mid-treatment, to post-treatment in serving as a predictive 
and prognostic biomarker. ctDNA is increasingly being 
incorporated into secondary endpoints and correlative stud-
ies for ongoing clinical trials.

While there has been significant progress in the area of 
ctDNA and its application to lymphoma in recent years, 
there are still logistic hurdles to overcome prior transla-
tion real time into the clinical setting. While there is largest 
data in this space with DLBCL, there is still a dearth of 
information in development and application of ctDNA tech-
niques in more rare subtypes of lymphoma such as HL and 
PTCL. Prospective translation into the clinical setting also 
requires real-time sample processing and reporting with a 
rapid turnaround in order to enable clinical decisions based 
on the results of ctDNA. There are a variety of methods of 
measuring ctDNA and MRD and further efforts are needed 
to standardize ctDNA quantification with other biomarkers 
including PET/CT. We also need to better understand how 
ctDNA as a prognostic marker integrates into other existing 
risk-stratification tools such as IPI, COO, and interim radio-
graphic PET/CT scans. Furthermore, although ctDNA levels 
pretreatment and post treatment as well as dynamic changes 
during treatment have demonstrated to be prognostic and 
predictive of response and relapse, there remains work to be 
done in better understanding how to change clinical practice 
based on ctDNA and if these changes will improve patients’ 
long-term survival outcomes. Trials in the future need to 
explore novel therapies for high-risk patients with residual 
molecular disease or de-escalation of therapies based on 
achieving a favorable molecular response, and demonstrate 
improved survival outcomes based on this ctDNA adapted 
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approach similar to studies previously conducted using a 
PET/CT-based approach such as the RATHL study [44] in 
cHL or S1001 study [45] in DLBCL.

Future studies in the future are needed to validate ctDNA 
genotyping for detection of mutations that can tailor targeted 
therapies, establish feasibility of using ctDNA real time to 
understand response and detect treatment resistance in comple-
ment to radiographic imaging and other biomarkers, implement 
ctDNA as earlier surrogate end points in clinical trials, and fur-
ther investigate how to change management based on ctDNA.
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