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Liquid biopsy has emerged as a minimally invasive
technique that allows real-time monitoring of tumour
dynamics through the detection of circulating tumour
DNA (ctDNA) (1). It is increasingly being used in
oncology for cancer screening, molecular profiling
and longitudinal treatment monitoring. By analysing
cell-free DNA fragments released into the circulation
– primarily through tumour cell apoptosis or necrosis
– liquid biopsy provides valuable insights into tumour
burden, minimal residual disease, treatment response
and the emergence of resistance mechanisms (1, 2).
The development of highly sensitive techniques such
as digital droplet PCR (ddPCR) and next-generation
sequencing (NGS) has greatly improved the detection
of low-frequency mutations, extending the clinical
utility of ctDNA to a wide range of solid tumours,
including melanoma (1). In melanoma, ctDNA is
particularly useful for monitoring response to therapy
and identifying resistance mutations, especially in
patients receiving immune checkpoint blockade or
targeted therapies (1–3). However, its detection remains
limited in certain clinical scenarios, particularly in
patients with isolated in-transit metastases (ITMs),
where ctDNA levels are often undetectable despite
clear clinical evidence of disease. In this article, we
report two cases of stage IIIC melanoma treated with
topical imiquimod for ITMs in which ctDNA became
detectable exclusively during treatment. These findings
suggest that imiquimod may facilitate ctDNA release,
possibly through tumour cell destruction and subsequent
release of genetic material into the circulation.

RESULTS

Patient 1: An 84-year-old woman was diagnosed with
a 3.8-mm-thick, ulcerated melanoma of the left arm
with lymphovascular invasion. Sentinel lymph node
biopsy failed to identify a sentinel lymph node (Fig.
1). Three years later, the patient developed ITMs, at
which time the disease was classified as stage IIIC
(T3bN1cM0). Tumour genotyping revealed an NRAS
mutation (c.182A>G), with wild-type BRAF. Three
years after initial excision, the patient developed ITMs,
which were surgically resected. Adjuvant nivolumab
was initiated but was discontinued after 3 months due to

disease progression, with the development of additional
ITMs. Over the next 3 years, the patient underwent
repeated cycles of topical treatment with imiquimod 5%
cream, applied Monday to Friday for 8 weeks per cycle.
A total of 4 treatment cycles were administered over
the follow-up period, whenever new lesions appeared.
A significant clinical response was observed. Notably,
ctDNA analysis during treatment cycles consistently
detected NRAS mutant DNA in plasma, whereas no
ctDNA was detectable during off-treatment periods,
even in the presence of visible lesions. Similar ctDNA
elevations were observed during each treatment cycle.
No systemic disease progression was observed during

Fig. 1. Clinical and circulating tumour DNA (ctDNA) kinetics
in Patient 1 during topical imiquimod treatment. This figure
illustrates ctDNA levels measured at representative time points during
one imiquimod treatment cycle in Patient 1 with in-transit melanoma
metastases (ITMs), alongside corresponding clinical images. ctDNA
was undetectable prior to treatment, became transiently detectable
during active imiquimod therapy (27.34 copies/mL) and returned to
undetectable levels at subsequent post-treatment assessments. Similar
transient ctDNA elevations were consistently observed during other
imiquimod treatment cycles, whereas ctDNA remained undetectable
during off-treatment periods, even in the presence of clinically visible
lesions. Clinical images show lesion appearance before treatment,
inflammatory changes during therapy, and progressive regression
following treatment.
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three years of follow-up after initiation of imiquimod
therapy, including more than 12 months after the final
treatment cycle. Disease monitoring consisted of regular
dermatological examination every 3–6 months and
annual whole-body PET-CT imaging, which showed no
evidence of distant metastases.
Patient 2: A 91-year-old woman with a 2.5 mm
ulcerated melanoma of the left leg, classified as stage
IIIC due to the presence of ITMs detected at the time
of wide local excision (Fig. 2). SLNB was negative
and the patient declined adjuvant therapy. Tumour
genotyping revealed an NRAS mutation (c.181C>A),
with wild-type BRAF. For recurrent ITMs, she was
treated with imiquimod 5% cream applied Monday to
Friday in repeated cycles. As in Patient 1, ctDNA
corresponding to her known tumour mutations became
detectable in plasma exclusively during imiquimod
treatment periods, while remaining undetectable before
treatment and during drug-free intervals, even when
cutaneous disease was clinically evident. The patient
received 2 imiquimod treatment cycles in total. There
was no systemic progression during 2 years of follow-
up, including more than 9 months after completion of
the final imiquimod cycle. Follow-up included regular
dermatological examination and imaging surveillance

with PET-CT scans, which confirmed absence of
systemic disease.

DISCUSSION

We report two patients with stage IIIC melanoma and
isolated in-transit metastases in whom ctDNA became
transiently detectable during treatment with topical
imiquimod. To our knowledge, this pattern has not
previously been described in melanoma ITMs managed
with imiquimod.

In melanoma, ctDNA detection is generally
associated with tumour burden, particularly in patients
with nodal or visceral metastatic disease (2–5).
However, patients with disease confined to cutaneous
or subcutaneous in-transit metastases may have
undetectable ctDNA despite clinically apparent lesions
(2, 3, 6). In the two cases presented here, ctDNA
remained negative during treatment-free intervals,
including periods in which ITMs were present, and
became detectable only during active imiquimod
treatment. It subsequently returned to undetectable
levels after treatment. This repeated temporal
relationship argues against systemic progression as the
most likely explanation and suggests that ctDNA release
may have been linked to the local therapeutic effect of
imiquimod.

Imiquimod is a TLR7/8 agonist with recognised local
antitumour activity, driven by immune activation and,
at least in part, by direct cytotoxic effects on tumour
cells (7). Although serial biopsies were not obtained and
tumour apoptosis could not be histologically confirmed
during treatment, imiquimod-induced tumour cell death
offers a plausible biological explanation for the transient
increase in ctDNA observed in both patients (8, 9).
This interpretation is also consistent with the absence
of distant metastatic disease on clinical assessment and
imaging follow-up, despite detectable ctDNA during
treatment cycles.

These observations are relevant for the interpretation
of ctDNA in patients receiving locoregional therapies.
In this context, new ctDNA detection or a transient
increase in ctDNA should not necessarily be regarded
as evidence of systemic progression. Rather, ctDNA
kinetics should be interpreted in relation to treatment
timing, clinical response and radiological findings,
particularly when the intervention is expected to induce
local tumour cell death (10).

This report has several limitations, including the
small number of patients, the use of targeted ddPCR
assays restricted to known NRAS mutations, the lack of
histological confirmation of apoptosis during treatment
and the limited follow-up expected in a short clinical
report. Nevertheless, the consistency of the pattern across
repeated treatment cycles supports the hypothesis that
ctDNA may, in selected patients with melanoma ITMs

Fig. 2. Clinical and ctDNA kinetics in Patient 2 during 2
separate imiquimod treatment cycles. This figure shows ctDNA
levels measured at representative time points before, during, and
after 2 separate imiquimod treatment cycles in Patient 2 with
recurrent ITMs, together with corresponding clinical images. ctDNA
was undetectable at baseline and during treatment-free intervals
but became transiently detectable during both imiquimod treatment
cycles (24.34 and 18.98 copies/mL, respectively), before returning to
undetectable levels after treatment discontinuation. This pattern was
reproducible across treatment cycles. Clinical images demonstrate the
presence of metastatic lesions before treatment, inflammatory response
during therapy, and marked clinical improvement after treatment.
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treated with imiquimod, reflect local tumour cell death
rather than occult systemic progression. Larger studies are
needed to determine whether this finding is reproducible
and whether ctDNA kinetics could contribute to response-
adapted management in locoregional melanoma.

To our knowledge, no previous reports have
documented ctDNA release associated with topical
imiquimod for ITMs in melanoma. Our findings open
new avenues for exploring ctDNA as a real-time
indicator of treatment-induced tumour cell death in
cutaneous metastases and may inform response-adaptive
strategies in patients with limited disease burden.
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