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Bringing circulating tumor DNA to the clinic in Hodgkin lymphoma
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Over the last decade, technologies to detect, geno-
type, and track cancers non-invasively through the
blood have been developed,1-4 and are promising to

revolutionize the way cancer is diagnosed and managed.
These methods, termed “liquid biopsies”, largely rely on
the detection of tumor-derived cell-free DNA from the
blood plasma of patients, or so-called circulating tumor
DNA (ctDNA). More recently, research efforts have focused
not only on the development of such methods, but on the
translation into the clinic and on defining the utility of
ctDNA in various malignancies.5-7 In this issue of
Haematologica, Camus and colleagues8 explore the utility
of ctDNA detection by an amplicon-based next-generation
sequencing (NGS) approach in classical Hodgkin lym-
phoma (cHL) in a prospective observational study. 
Detection of ctDNA largely has two major areas of clinic

utility: i) genotyping of tumor-derived mutations non-inva-
sively through the blood, and ii) disease quantification and
detection of minimal residual disease (MRD) after therapy
(Figure 1). In this article, the authors explore each of these
potential uses in turn. They begin by assessing the perform-
ance of mutational genotyping from cell-free DNA in cHL,

finding variants in the majority of cases (70%). Importantly,
in cases where both plasma and tumor DNA were available
for sequencing, the authors found a high degree of concor-
dance between mutations identified in the two compart-
ments. Interestingly, they also found a higher median allele
fraction in plasma than in tumor samples. This highlights a
particular advantage of ctDNA for genotyping in cHL: due
to the low abundance of malignant Reed-Sternberg (RS)
cells, which are typically ~1% or less of all cells in a tumor,
genotyping and NGS from tumor samples in cHL is partic-
ularly difficult (Figure 1). This suggests that future studies
elucidating the genetic landscape of cHL could benefit from
studying cell-free DNA rather than tumor DNA. The excel-
lent performance of mutational genotyping from cell-free
DNA in this study confirms prior reports examining geno-
typing in cHL using targeted hybrid-capture sequencing
from cell-free DNA.9,10 These results are in-line with the per-
formance of ctDNA genotyping for other B-cell lym-
phomas, most notably diffuse large B-cell lymphoma
(DLBCL),6,11,12 suggesting a potential broad utility for this
assay in many lymphoma subtypes.  
The authors go on to explore the utility of ctDNA quan-

Figure 1. Circulating tumor DNA in Hodgkin lymphoma. This figure shows an example of the challenges and opportunities for circulating tumor DNA in classical
Hodgkin lymphoma. In this disease, the malignant Reed-Sternberg cells represent only a small fraction of the cellular material in the tumor. DNA from these cells
(red), along with normal DNA (grey), are released into the circulation and can be collected and sequenced. Sequencing cell-free DNA largely has two use cases. First,
identification of tumor-derived somatic mutations (top right), where cell-free DNA potentially contains a higher concentration of mutated molecules than DNA isolated
from the tumor. Second, detection of low level minimal residual disease (MRD) during or after therapy (bottom right), where high sensitivity is critically important.



titation and MRD using their assay. When quantifying pre-
treatment ctDNA, they observed a number of striking cor-
relations, including higher stage and International
Prognostic Score (IPS) with higher ctDNA concentrations.
Higher ctDNA was also correlated with higher tumor vol-
ume measured by positron emission tomography/comput-
erized tomography (PET/CT) scans. Again, these results are
remarkably consistent with results from other lymphomas
including DLBCL,6,13 where higher stage, International
Prognostic Index (IPI), and tumor volumes are associated
with high ctDNA. The authors finally go on to explore the
utility of their assay for the detection of MRD after two
cycles of therapy. Interestingly, no patients had detectable
MRD at this landmark, including patients who had eventu-
al disease progression. While this suggests a high specificity
of the assay, it also suggests improvements in sensitivity
might be needed. Previous reports of ctDNA monitoring
during therapy for cHL have suggested patients with sub-
optimal treatment response by PET scans (i.e., not in a com-
plete response on interim imaging) can have residual
detectable ctDNA;9,10 however, these studies have a limited
number of cases. These data do suggest that sensitivity
matters for detection of low-burden disease – particularly
during timepoints of radiographic response and remission.
The performance of sensitive ctDNA assays for detection of
MRD and molecular response in cHL, DLBCL,13 and other
lymphomas should be validated in additional large prospec-
tive studies. It is likely that additional technical improve-
ments in sensitivity will also improve the performance in
these low disease burden use cases. 
While this report from Camus and colleagues, as well as

reports from other groups, confirms the utility of ctDNA
for mutational genotyping and disease detection in cHL
and other lymphomas, a number of technical and logisti-
cal hurdles remain. While ctDNA-based mutational geno-
typing has shown utility for identifying single-nucleotide
variants, other types of somatic alterations are more chal-
lenging to identify from plasma DNA, including copy
number alterations, small insertions and deletions, and
structural variants. New methods to detect these types of
variants are therefore needed. Additionally, with multiple
methods including amplicon and hybrid-capture based
approaches finding their way into clinical laboratories,
discrepancies in methodology and test characteristics are
becoming more apparent, making comparisons between
tests difficult. Efforts to harmonize and standardize
ctDNA quantification and reporting are therefore needed
for translation into the clinic. Furthermore, larger prospec-
tive studies are required to put the clinical utility of
ctDNA quantification as a prognostic marker into context
through multivariable analyses considering metabolic
tumor volume and clinical risk factors such as the IPS for
cHL and the IPI for DLBCL.
Finally, and perhaps most significantly, questions

remain regarding how to act on ctDNA assessments. While
high pretreatment ctDNA level and failure to achieve a
molecular response are markers of patients with a high risk
of treatment failure, how to improve outcomes for these
patients remains unclear. PET-adapted approaches have
become common in cHL;14,15 however, these approaches
have been difficult to implement for DLBCL, potentially
due to the imperfect sensitivity and specificity in this dis-

ease. Similar risk-adapted trial designs in both cHL and
DLBCL using ctDNA molecular response to guide therapy
will therefore be needed to demonstrate superior outcomes
and ultimately lead ctDNA assessment into routine clinical
care. Finally, further research is needed to establish the util-
ity of ctDNA in other lymphoma subtypes, particularly in
low-grade lymphomas where clinical management strate-
gies typically do not aim for curative endpoints. There still
is therefore significant work ahead in translation of liquid
biopsies into routine clinical management of B-cell lym-
phomas; however, early data from studies such as the work
from Camus and colleagues provide promising evidence
that ctDNA will change clinical management for B-cell lym-
phomas in the not-too-distant future.
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