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Abstract. The detection of circulating tumor DNA (ctDNA) 
in the plasma of cancer patients is emerging as a very sensi‑
tive and specific prognostic biomarker. Previous studies 
with ctDNA have focused on the ability of ctDNA detection 
to predict micrometastatic and eventual clinical metastatic 
relapse. There are few data on the role of ctDNA in monitoring 
response to local therapy. The present study reports the case of 
a patient with early‑stage lobular breast cancer, with a detect‑
able ctDNA test which resolved with local radiotherapy to the 
breast. This case suggests that ctDNA is sensitive enough to 
detect the response of minimal residual disease, localized in 
the breast, to radiation therapy, and thus may assist in providing 
indications for local breast cancer treatment.

Introduction

Breast cancer (BC) is the most prevalent type of cancer and the 
second highest cause of cancer mortality in women worldwide 
with an estimated 2.3 million new cases and >685,000 deaths 
reported in 2020 (1). Invasive lobular carcinoma (ILC) is the 
second most common histologic subtype of breast cancer world‑
wide, accounting for 10‑15% of all breast cancer cases (2,3). 
Over the past two decades, the incidence of ILC has increased, 
likely due to improvements in diagnostic techniques in breast 
imaging (4). ILC is a distinct entity with unique clinical and 

molecular features, including a diffuse, multifocal, and poorly 
circumscribed growth pattern, and is associated with difficult 
and delayed early diagnosis, inherent resistance to conven‑
tional therapies and a risk of late recurrence, which all present 
significant challenges in management (5). As with other breast 
cancers, the treatment of early lobular BC involves conserva‑
tive surgery or ‘lumpectomy’ followed by adjuvant radiation. 
However, due to the multifocality and diffuse growth pattern, 
the rate of positive margins and thus second revision surgeries 
is higher in invasive lobular carcinomas than in ductal 
carcinomas (6). 

The purpose of radiation therapy in the adjuvant setting is 
to sterilize subclinical localized residual disease that persists 
after surgical resection but is undetectable by clinical or 
radiographic assays. Whole breast irradiation decreases the 
risk of ipsilateral breast cancer recurrence by ~50% (7‑10) in 
both invasive ductal carcinoma and ILC. Moreover, partial 
breast irradiation of ILC is associated with higher ipsilateral 
breast cancer recurrence rates and is relatively contraindicated 
in ILC (11). Nevertheless, the majority of women with ILC 
treated with breast conserving surgery do not develop in‑breast 
local recurrence, which suggests that the use of whole breast 
irradiation is overtreating these women. There is a clear clin‑
ical need for more effective biomarkers to predict the benefits 
of radiation for patients with cancer, including women with 
breast cancer.

The measurement of circulating tumor DNA (ctDNA) 
has emerged as a biomarker with wide‑ranging applica‑
tions in cancer management (12). ctDNA levels have both 
prognostic and predictive value in many cancers including 
breast cancer. Moreover, dynamic changes in ctDNA levels, 
including ctDNA clearance have been reported to be associ‑
ated with response to various systemic therapies, such as PI3K 
inhibitors. The power of ctDNA detection derives from its 
role in the signaling of clinically occult metastatic disease or 
minimal residual disease (MRD). There are many approaches 
to measure ctDNA in the plasma, with the most sensitive 
approaches involving the sequencing of tumors followed by 
the development of tumor‑specific assays personalized to 
the patient's tumor. These ‘tumor‑bespoke’ assays use either 
sequencing or PCR reactions to identify the individual muta‑
tions in a patient's tumor (13,14). The Signatera™ assay uses 
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tumor whole‑exome sequencing to identify 16 patient‑specific 
somatic single‑nucleotide variants and short indels to generate 
multiplex PCR primer pairs. These pairs are used to amplify 
universal libraries, which are then sequenced on a NGS 
sequencing platform (HiSeq 2500 system; Illumina, Inc.) (15). 
The present study reports a case of invasive lobular carcinoma, 
in which ctDNA clearance suggested response to local breast 
radiation therapy.

Case report

In January 2021, a 46‑year‑old pre‑menopausal female, with 
a family history of breast cancer, presented with a palpable 
1 cm (length) mass in her left breast with no palpable 
lymphadenopathy. The breast biopsy showed an invasive 
lobular carcinoma breast cancer (Fig. 1), Nottingham 
grade 2/3, estrogen (98%; Fig. 2) and progesterone (45%) 
receptor positive (Fig. 3), Her2 score 2+ based on the 
immunohistochemistry (according to ASCO‑CAP clinical 
laboratory guidelines) (16), fluorescence in‑situ hybridisa‑
tion not amplified. Pre‑operative breast MRI did not reveal 
any other suspicious focus of enhancement in the left breast 

but did reveal a 4x3x4 mm non‑mass enhancement in the 
right breast, classified as a BI‑RADS 4B lesion (17). A 
breast Magnetic resonance imaging (MRI) guided biopsy 
was done, which showed a lobular carcinoma in situ, 
Nottingham grade 2 (Fig. 4). In April 2021, the patient 

Figure 4. Preoperative assessment by MRI. The white arrow refers to the 
tumor. ‘Lossy’ refers to the compression scheme wherein the image is close 
to the original image after it is decompressed.

Figure 5. Immunohistochemical staining of a tissue section for Ki67 
(magnification, 10x).

Figure 1. Histological biopsy section stained with haematoxylin and eosin 
(magnification, 10x).

Figure 2. Immunohistochemical staining of a tissue section showing an 
estrogen‑receptor positive result (magnification, 10x).

Figure 3. Immunohistochemical staining of a tissue section showing a 
progesterone‑receptor positive result (magnification, 10x).
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underwent 2 partial mastectomies, one on each breast, 
localized with radioactive seeds and sentinel lymph node 
biopsy in the left axilla. Pathological examination of the 
resection sample showed a 1 cm (length) grade 2 invasive 
lobular carcinoma, without lymphovascular invasion, with 
lobular carcinoma in‑situ, negative margins and 0/4 sentinel 
lymph nodes on the left side (pT1pN0; AJCC‑Breast Cancer 
Staging; 8th edition) (18). The right breast sample showed 
only lobular carcinoma in‑situ with negative margins. The 
Ki67 staining of the invasive lobular carcinoma was 7‑8% 
(Fig. 5), but the Oncotype DX® (Exact Sciences, Inc.) Breast 
Recurrence Score was 24. A germline test was performed 
on the blood samples of patients, which included DNA 
extraction, PCR amplification, sequencing, bioinformatics 
analysis and variant interpretation. The test revealed no 
clinically relevant pathogenic sequence variants in the 
BRCA1, BRCA2 and PALB2 genes. After tumor board 
discussion, based on the Oncotype Dx result, the hormonal 
status and age of the patient, adjuvant chemotherapy was 
offered but the patient refused. Concurrently, a personal‑
ized, tumor‑informed multiplex‑PCR (m‑PCR)‑NGS assay 
(Signatera™) was performed. The first sample was collected 
in August 2021 and the result was reported as a positive test 
(1.85 MTM/ml) (Fig. 6). Adjuvant therapy was again offered 
but the patient refused both chemotherapy and endocrine 
therapy (Tamoxifen) +/‑ ovarian suppression. Over 28 days 
in September and October 2021, the patient received adju‑
vant radiation therapy: A total of 42.4 Gy in 16 fractions 
was delivered to the whole left breast, followed by a boost 
to the surgical bed of 10 Gy in 4 fractions. After radiation 
therapy, 3 ctDNA analyses were performed in November 
2021 and, May and November 2022 and all were reported 

as undetectable (0.00 MTM/ml) (Fig. 6). Tumor markers 
(CA15‑3 and CA‑125) were assessed every 6 months and 
were always negative. Computed tomography of the head 
was performed in November 2021 due to new symptoms 
(postural dizziness) and was negative for metastatic disease. 
The patient was followed up by the breast surgeon every 
6 months, with her last visit was in November 2022 during 
which the physical exam was negative for local recur‑
rence. The patient's last breast imaging was performed in 
March 2023 and both ultrasound and mammogram showed 
BI‑RADS2 with benign findings. At the time of this report, 
the patient remains with no signs of local or distant recur‑
rence of disease and excellent performance status and.

Clinical testing. In order to predict an early relapse after 
adjuvant treatment, the patient consented to periodic ctDNA 
monitoring in her blood. She was first tested 3 months after 
surgery and 1, 7 and 13 months after radiation therapy using 
the Signatera™ test, in addition to a physical exam every six 
months and a mammogram once a year.

Discussion

Breast cancer is a heterogeneous disease and ctDNA can 
accurately reflect this heterogeneity, supporting the detec‑
tion, monitoring and understanding of the evolution of the 
disease (19). Previous studies have reported the value of 
ctDNA in detecting MRD, monitoring treatment response or 
resistance and predicting early relapse (20,21). Nevertheless, 
studies investigating the clinical utility of serial ctDNA moni‑
toring for treatment guidance are few (22,23). It is important 
to note that the sensitivity and specificity of these assays 

Figure 6. Timeline of ctDNA testing pre‑ and post‑radiation therapy. Signatera™ reports the presence or absence of ctDNA and ctDNA quantity in terms of 
MTM/ml to allow for assessment of tumor burden over time. ctDNA levels cleared (0 MTM/ml) after the radiation therapy (October 2021). ctDNA, circulating 
tumor DNA; MTM/ml, mean tumor molecules per ml.
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varies depending on the method used to measure ctDNA 
in plasma. Many ctDNA assays use pre‑defined recurrently 
mutated gene panels, which, for the purpose of tracking MRD 
have the limitation of missing mutations or alterations not 
included in or tested by the panel. Tumour ‘bespoke’ assays 
use the primary tumour to screen and select specific mutation 
variants belonging to the tumour. These highly sensitive and 
specific personalized assays are best used to detect and track 
MRD (24). These tumor bespoke assays provide accurate 
prognostic information related to distant disease recurrence, 
as evidence of micrometastatic disease. However, they appear 
to be less accurate in predicting local response to therapy (25). 
This is apparent in studies of ctDNA in the context of neoad‑
juvant treatment for breast cancer. For instance, in the large 
I‑SPY study reported that early clearance of ctDNA was 
associated with pathological complete response (pCR) in the 
breast only in patients with triple negative breast cancer (26). 
Cavallone et al (27) reported that early clearance of ctDNA 
had a relatively low predictive value of 50% for pCR. These 
same assays are highly predictive of distant relapse free 
survival. In previous studies, all recurrences reported in 
patients with positive tumor bespoke assays were distant 
recurrences (21,28,29). 

In the present study, the detection and quantification of 
breast cancer‑derived ctDNA using a personalized tumor 
bespoke assay is reported. In this patient, with a small 
invasive lobular carcinoma in a background of lobular 
carcinoma in situ (LCIS), the commercial tumor bespoke 
Signatera™ assay, was positive for the detection of ctDNA 
17 weeks after surgery but prior to local radiotherapy treat‑
ment. The ctDNA was cleared after radiation therapy to the 
breast, which suggested that radiation therapy eliminated 
residual breast cancer cells, a possibility which is supported 
by multiple randomized clinical trials (30,31). Pre‑operative 
breast imaging including MRI was unable to detect suspi‑
cious breast disease beyond the target cancer. To the best of 
our knowledge, there have been no previous reports of the 
clearance of ctDNA due to local radiation therapy for early 
breast cancer. Several follow up ctDNA tests did not reveal 
any further ctDNA up to 22 months of follow up. As the 
patient had LCIS in her breast, it is possible that there were 
multiple other foci of lobular cancer in her diseased breast, 
invisible to imaging. These foci may have accounted for the 
presence of ctDNA in her blood after surgery. Radiotherapy 
appears to be effective in eliminating this disease, based on 
the lack of local recurrence during almost 2 years of follow 
up.

As the present study is limited to a single patient, this 
alone cannot establish it as a disease‑monitoring tool. 
However, this case demonstrated that bespoke tumor assays 
have the capacity to detect local subclinical breast cancer. 
These results provide a rationale for larger prospective 
studies to establish if ctDNA analysis could be considered 
an effective decision‑making tool in the management of 
radiation therapy decisions in early‑stage breast cancer. In a 
future study, ctDNA levels should evaluated before and after 
treatment, including locoregional treatments, if necessary. 
During the adjuvant period, ctDNA should be compared with 
traditional blood markers such as CA15.3, CEA and CA125 
in order to detect recurrences.
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