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ABSTRACT

Multiple myeloma (MM) is an incurable haematological malignancy which relies heavily on bone marrow biopsies for disease monitoring and prediction of treatment
response. In recent years, liquid biopsy derived cell-free DNA (cfDNA) has emerged as alternative for invasive biopsies. This pilot study aimed to evaluate the
feasibility of using cfDNA for the detection of oncogenic mutations in the mitogen-activated protein kinase (MAPK) pathway genes NRAS, KRAS, and BRAF in MM
patients. Matched peripheral blood and bone marrow aspirates were collected from thirteen MM patients at various disease stages. cfDNA was isolated using the
Qiagen Circulating Nucleic Acid Kit while bone marrow DNA was extracted using the Maxwell Promega platform. The presence of NRAS, KRAS, and BRAF mutations
was analysed by ddPCR and compared between the cfDNA and gDNA samples. Although our data come from a small patient cohort, mutations were detected, which

supports cfDNA utility for mutational screening and prognostication in MM.

Multiple myeloma (MM) is an incurable haematological malignancy
with an average survival of 5 years. The gold standard in MM diagnosis
is bone marrow biopsy which limits the frequency of follow-up sampling
for disease monitoring, prediction of drug response and assessment of
clonal evolution. In addition, the patchy distribution of myeloma cells
challenges the accurate estimation of disease burden via bone marrow
biopsy. Liquid biopsies, which involve the analysis of cell free DNA
(cfDNA) in blood may be a non-invasive alternative as blood collection is
already a standard procedure in clinical practice. There is evidence that
cfDNA contains a proportion of circulating tumour DNA (ctDNA), which
is more representative of cancer heterogeneity than traditional biopsies
[1,2]. Gene mutation screening using cfDNA isolated from peripheral
blood and other body fluids is emerging in diagnostic laboratories as a
non-invasive, less painful alternative for cancer patients. This is of
special interest for those cases where the tumour cannot be easily
accessed such as brain tumours [3] or in haematological malignancies
where bone marrow biopsies are associated with risks and discomfort
[4].

The mutational landscape of MM has been well-characterised with
mutations in the mitogen activated protein kinase (MAPK) pathway in
oncogenes such as NRAS, KRAS and BRAF genes presenting at a

frequency of 20, 36 and 4 % respectively. Importantly, these mutations
are reported to be predictive of treatment response and outcome [5].
Here, we present a pilot study, testing the presence of oncogenic mu-
tations in these genes in peripheral cfDNA compared to biopsy DNA
isolated from patient matched bone marrow aspirates. Plasma was
separated and cfDNA was isolated using the Qiagen Circulating Nucleic
Acid Kit (Qiagen, Australia) as per manufacturers’ instructions and bi-
opsy DNA was extracted on a Maxwell Promega platform (Promega,
Australia) as per manufacturers’ instructions. Detection of the
NRASQ®IR BRAFV600E KRASOS' varjants was performed using the
QX200 Droplet Digital PCR platform with in-house developed assays
(Bio-Rad, Australia).

Our cohort consisted of 13 MM patients of varying stages of disease
(Table 1). There were 7 newly diagnosed multiple myeloma (NDMM), 4
smouldering MM (SMM) and 2 MM patients with progressive disease
according to the International Myeloma Working Group consensus
criteria for response and minimal residual disease assessment in multiple
myeloma [6]. No BRAFY9%E or KRASCM™ variants were detected in our
cohort in either ¢fDNA or bone marrow biopsy. The NRAS® variant
was detected in both the ¢fDNA and biopsy DNA samples of patient 6.
This patient had progressive disease, stage II R-IPSS with high risk

* Corresponding author at: Haematology Laboratory, NSW Health Pathology, Liverpool Hospital, Liverpool, NSW2 170, Australia.

E-mail address: annemarie.marivel@health.nsw.gov.au (A.-M.J. Marivel).

https://doi.org/10.1016/j.1rr.2023.100393
Received 29 July 2023; Accepted 20 October 2023
Available online 21 October 2023

2213-0489/© 2023 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nec-nd/4.0/).


mailto:annemarie.marivel@health.nsw.gov.au
www.sciencedirect.com/science/journal/22130489
https://www.elsevier.com/locate/lrr
https://doi.org/10.1016/j.lrr.2023.100393
https://doi.org/10.1016/j.lrr.2023.100393
https://doi.org/10.1016/j.lrr.2023.100393
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

A.-M.J. Marivel et al.

Table 1
Paired Bone Marrow and Peripheral Blood samples.
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Patient Sex  Disease status at Lytic R- fluorescent in situ hybridisation Prior Lines of gDNA isolated from bone cfDNA isolated from
1d collection lesions IPSS* (FISH) characteristics therapy marrow peripheral blood
BRAF NRAS KRAS BRAF NRAS KRAS
1 F NDMM Yes I Standard 0 wt wt wt wt wt wt
2 M SMM No I Standard 0 wt wt wt wt wt not
tested
3 M NDMM Yes I Standard 0 wt mut wt wt wt not
tested
4 F PD Yes I Standard 3 wt wt wt wt wt wt
5 F NDMM Yes I Standard 0 wt wt wt wt wt wt
6 M PD Yes 1I High 9 wt mut wt wt mut wt
7 M NDMM No I High 0 wt wt wt wt wt wt
8 F SMM No 1 High 0 wt wt wt wt wt wt
9 M SMM No I High 0 wt wt wt wt wt wt
10 M NDMM Yes 1I Standard 0 wt wt wt wt wt wt
11 F NDMM Yes 111 High 0 wt wt wt wt wt wt
12 M NDMM Yes I Standard 0 wt wt wt Wt wt Wt
13 F SMM No I Standard 0 wt wt wt wt wt wt

NDMM, newly diagnosed multiple myeloma; SMM, smouldering multiple myeloma; PD, progressive disease; wt: wildtype mut: mutant.

" R-IPSS Revised International Staging System for Multiple Myeloma [13].

fluorescent in situ hybridisation (FISH) aberrations and lytic bone le-
sions. He received 9 prior lines of treatment and survived 5 months. It is
of note that this patient had no extramedullary disease at the time of
sample collection. The NRASP®'R variant was also detected in the bone
marrow sample of patient 3 but not in the matching cfDNA. This patient
was stage II R-IPSS with standard risk FISH aberrations and survived 15
months. Amongst the 7 NDMM patients, only patient 3 harboured the
NRASP®R variant in his biopsy DNA.

In NDMM, mutations in the RAS and BRAF genes occur in ~ 20-50 %
[7] and ~4 % [8] of cases respectively while the NRAS and KRAS mu-
tations occur in 45-80 % of relapsed/refractory cases. The lower inci-
dence of variants in our cohort is possibly due to the small cohort size
with presence of SMM and PD patients (Table 1). Furthermore, only 3
variants of the RAS and BRAF genes were screened for in this study
whereas other variants in these genes have been reported in MM [7].

Our results align with previous studies investigating the concordance
between paired cfDNA and tumour samples in solid tumours [9,10]. The
observed discordance in these studies, as well as ours, could be due to
technical accuracy, tumour heterogeneity, varying tumour burden and
stage of disease at the time of sample collection and processing. On the
other hand, in a study of tumours located in the central nervous system,
Bale et al. reported that cfDNA isolated from cerebrospinal fluid (CSF)
was superior for mutation detection compared to biopsy DNA [11]. In
MM, a previous study [12] in asymptomatic myeloma showed a weak
correlation between tumour mass and ctDNA while a whole exome
sequencing study demonstrated high concordance between blood and
bone marrow samples.

In addition to the use of cfDNA for cancer-associated mutation
analysis, several studies have highlighted another potential value of
using cfDNA in prognostication and disease monitoring. The concen-
tration of cfDNA varies between healthy individuals and between un-
healthy individuals and can increase during cancer progression.
Spindler et al. [14] reported colorectal cancer patients could be distin-
guished from healthy controls based on their respective cfDNA levels.
This study also reported a shorter survival after treatment in cancer
patients with high cfDNA levels compared to patients with lower cfDNA
levels. In some haematological cases, cfDNA allowed the detection of
biomarkers that were undetectable in DNA extracted from bone marrow
samples[15], further strengthening the usefulness of cfDNA.

We acknowledge that the small sample size has resulted in a lower
rate of variant detection in the genes of the MAPK pathway. However,
these preliminary results support further evaluation of cfDNA for
mutational screening and prognostication in MM.
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