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Enhancing circulating tumor

DNA detection in kidney cancer
Dead or dying tumor cells release frag-
ments of DNA into the bloodstream, and
these fragments are often termed circu-
lating tumor DNA (ctDNA). Monitoring
ctDNA has emerged as a noninvasive
approach to various clinical applications
such as early cancer diagnosis, assessment
of minimal residual disease after surgery,
and monitoring treatment response (1).
While this approach has had notable suc-
cess across many tumor types, including in
a large prospective trial in bladder cancer
(2), renal cell carcinoma (RCC) represents
a particular challenge, as it exhibits the low-
est ctDNA levels in plasma among extracra-

Circulating tumor DNA detection in renal cell carcinoma has long been
limited by the disease’s low DNA shedding. An aggressive subtype termed
translocation renal cell carcinoma (tRCC) is notably more difficult to
detect than the common type, clear-cell RCC, in part due to interindividual
variability of gene fusions of the transcription factor TFE3, the driving factor
in tRCC. In this issue of the JCI, Garinet et al. reported on an epigenomic
liquid biopsy approach that identified a TFE3 fusion-associated chromatin
signature specific to tRCC. This work demonstrated that fusion-driven
epigenomic alterations can be captured noninvasively and used to
distinguish tRCC from other renal cancer subtypes. Beyond its diagnostic
potential, the approach described by Garinet et al. may enable disease
monitoring and subtype classification in other genetically quiet tumors.
Epigenomic liquid biopsy is a promising framework to improve diagnostic
accuracy and guide personalized management for tRCC.

nial tumors (3, 4). This low-shedding qual-
ity has limited the clinical application of
ctDNA in RCC.

Initial efforts to improve detection
focused on detecting somatic mutations in
commonly altered genes in ctDNA from
patients with RCC (5). However, due to
the limited ctDNA release from these
tumors, the sensitivity of conventional
mutation-based assays was low. To address
the limited sensitivity, patient-specific vari-
ant tracking approaches were developed
(6). In this approach, the patient’s tumor
is first sequenced to identify patient-spe-
cific somatic mutations and then a subset
of those mutations can be tracked in the
peripheral blood. More recently, epigenom-
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ic profiling of ctDNA has been explored to
enhance detection sensitivity (7, 8). Epig-
enomic profiling captures cell-type—specific
signatures such as changes in DNA methyl-
ation and chromatin modifications, which
differ significantly between tumor and nor-
mal cells and can provide broader coverage
of tumor-derived fragments. Through these
advances, the sensitivity of ctDNA-based
assays in RCC has improved substantial-
ly. However, most studies to date have
predominantly focused on clear-cell RCC
(ccRCC), which is by far the most common
type of RCC. Data on non-ccRCC subtypes
(sometimes called “variant” or “divergent”
histologies) are substantially more limited.

Translocation RCC (tRCC) is a less
common but aggressive subtype of RCC.
tRCC is driven by MiT/TFE fusion oncop-
roteins, most commonly a 7FE3 fusion
located on Xpll.2. Chromosomal trans-
location involving Xpl1.2 generates TFE3
gene fusions with more than 20 fusion part-
ners, resulting in aberrant TFE3 activation
and a distinct transcriptional pattern (9).
Because of its morphological similarities
to other RCC subtypes, tRCC has been
often underdiagnosed (10, 11). Detection
of ctDNA from tRCC using conventional
approaches (detecting somatic single-nu-
cleotide variants [SNVs], for example)
is particularly challenging because these
tumors typically have a lower tumor muta-
tion burden (TMB) and MiT/TFE fusion
breakpoints vary substantially among
patients (12, 13). However, the detection of
tRCC using a liquid biopsy approach may
still be feasible. A recent study reported
that an epigenomic liquid biopsy approach
successfully detected sarcomatoid differ-
entiation of RCC (14), suggesting that this
approach might be able to capture non-
SNV features of fusion-driven, low-TMB
tumors such as tRCC. In this context, Gari-
net et al. (15) developed a tRCC-specific
epigenomic signature from tRCC cell lines
and demonstrated the accurate detection
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Figure 1. Cell-free DNA-based epigenomic diagnosis of tRCC. In tRCC, chromosomal translocation leads to the formation of a TFE3 fusion protein, which
drives epigenomic alterations, including differential DNA methylation and histone modifications. Garinet et al.'s study demonstrated that these epigen-
etic changes can be detected in circulation as cell-free DNA or nucleosomes (15). Cell-free MeDIP-seq and histone ChIP-seq enabled the identification of
tRCC-specific regulatory elements, allowing for sensitive detection and specific distinction of tRCC from other RCC subtypes.

and monitoring of tRCC with plasma epig-
enomic (chromatin) profiling.

Establishment of a TFE3
fusion-associated epigenomic
signature

First, the authors defined a tRCC-specific
epigenomic signature by profiling mul-
tiple TFE3-driven tRCC cell lines. They
performed ChIP-seq for H3K4me3 and
H3K27ac as well as methylated DNA
immunoprecipitation and  sequencing
(MeDIP-seq) (16). H3K4me3 and H3K27ac
are histone H3 modifications at lysine
4 and lysine 27, representing active pro-
moters and active promoters/enhancers,
respectively. In addition, MeDIP-seq iden-
tifies silenced promoter regions. The anal-
ysis revealed that tRCC exhibited unique
histone modification patterns, while the
CpG methylation pattern was comparable
with that of ccRCC cell lines. Next, the
investigators performed TFE3 ChIP-seq
in both TFE3 WT non-RCC cell lines and
tRCC cell lines to obtain TFE3 fusion—pro-
tein binding sites. They established a robust

:

TFE3 fusion epigenomic signature by inte-
grating these epigenomic data. When this
signature was tested in plasma samples
from patients with tRCC or ccRCC, and
in healthy controls, it distinguished tRCC
from ccRCC and from healthy controls.
The authors also showed that the dynam-
ics of tRCC-specific epigenomic signature
score in plasma ctDNA were associated
with treatment response and disease pro-
gression in tRCC patients.

This approach to detect a tRCC-spe-
cific epigenomic signature from plasma
ctDNA is a promising tool for the diagnosis
and disease management of tRCC (Figure
1). An epigenomic profiling approach is
particularly useful if traditional imaging or
tissue biopsy is challenging. The evaluation
of epigenomic signature from ctDNA could
be utilized for initial screening of tRCC, as
tRCC can often masquerade histologically
as other subtypes, leading to misclassifica-
tion (10). Moreover, this approach could
be expanded to other malignancies driven
by few genetic events — for example, can-
cers driven by a single translocation, which

typically have a low mutational burden and
are difficult to detect using conventional
ctDNA approaches. Overall, this study
demonstrated that a single translocation
event in tRCC induces dynamic epigenom-
ic changes and that this epigenomic profile
is identifiable in the peripheral blood using
cell-free ChIP-seq assays.

Future of epigenomic liquid
biopsy in clinical practice
Although the evaluation of epigenomic
changes in circulating DNA is a promising
approach, there are several remaining chal-
lenges. Like other newly developed cancer
diagnostic assays, validation in larger data-
sets and standardization are mandatory to
ultimately apply this to clinical practice.
For disease monitoring, epigenomic sig-
natures could potentially be personalized
(rather than a generalized tRCC signature)
to improve sensitivity using patient-specif-
ic patterns of methylation or chromatin
features, similar to mutation-based assays,
which enhance accuracy by tracking
patient-specific events. A potential intrin-
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sic limitation of epigenomic profiling is
that the tumor’s epigenomic landscape is
not static. Cancer cells can undergo epig-
enomic reprogramming during the disease
course or in response to treatments (17).
Furthermore, TFE3 expression has been
observed in a subset of aggressive ccRCCs
(18), which might limit the specificity of
TFE3-driven epigenomic signatures. How-
ever, this dynamic feature of epigenomics
may even be advantageous; for instance,
should TFE3-targeted therapies become
available, epigenomic profiling could
potentially be used to determine which
tumors are driven by TFE3 activation.

Clinically relevant diagnostic tools and
therapeutic decision-making are two sides
of the same coin. The information from
the test should ultimately be translatable
into guiding effective treatment decisions,
such as pursuing adjuvant/neoadjuvant
treatment (19) and specific therapy selec-
tion (20). Given a potentially larger num-
ber of hidden tRCC cases (10), this circu-
lating epigenomic identification approach
may ultimately improve the diagnosis of
this disease, which may also increase the
opportunity to study this disease more spe-
cifically in clinical trials. Further, the cor-
rect diagnosis of RCC subtypes will help
eliminate unwanted (and unaccounted for)
heterogeneity in clinical trials, where tRCC
is accidentally included in a trial that focus-
es on a different histology (like ccRCC),
potentially impacting the results (21, 22).
Therefore, there is tremendous potential
to include this epigenomic screening of
ctDNA approach in future clinical trials
and, if validated in larger scale studies, ulti-
mately in clinical practice.

Conclusions
In summary, Garinet et al. (15) have pro-
vided a promising framework to diagnose
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tRCC based on epigenomic information
from ctDNA. Their approach could poten-
tially be applied to other malignancies with
few genetic mutations. For clinical applica-
tion, prospective clinical trials are needed
for validation, but ultimately, incorporat-
ing epigenomic profiling into liquid biop-
sies may identify more patients with this
uncommon malignancy and enable better
treatment selection and monitoring.
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