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Context: The disease course of adrenocortical carcinoma (ACC) patients is heterogeneous. Amarker
for prognosis and treatment response would facilitate choices for diagnosis and therapy. In other
cancer types, circulating cell-free tumor DNA predicted tumor dynamics.

Case Descriptions: The present pilot study included six patients. Next-generation sequencing (NGS)
showed mutations in three ACC cases. From these patients, blood was drawn before (1 to 2 weeks)
and after surgery and cell-free circulating DNA (cfDNA)was isolated. Tumor-specificmutationswere
found in the cfDNA of one of the three patients, with metastasized ACC at diagnosis. NGS of the
tumor showed anNRASmutation (c.182A.G:p.Q61R) in 78%, a TP53mutation (c.856G.A:p.E286K)
in 60%, and a TERT gene mutation (1295250C.T) in 28% of the reads. The preoperative cfDNA
showed the same mutations at a frequency of 64%, 32%, and 2%, respectively. The postoperative
cfDNA showed the samemutations but at lower frequencies (52%, 16%, and 3%, respectively). The
patientwas postoperatively treatedwithmitotane and chemotherapy. Nomutationswere detected
in the corresponding leukocyte DNA or in the cfDNA from the two other patients.

Conclusions: To the best of our knowledge, we report for the first timemutations occurring at high
levels in cfDNA collected before and after surgery from one of three patients, after previous
identification in the tumor. However, in the cfDNA from two patients with known mutations, we
were unable to reliably detect mutations in the cfDNA. Our results indicate that mutation detection
in cfDNA can vary amongACCpatients, andother approachesmight be required todetect the tumor
response andmonitor progressive disease. (J Clin Endocrinol Metab 102: 3611–3615, 2017)

Adrenocortical carcinoma (ACC) is a rare diseasewith
heterogeneous treatment responses and prognosis

(1). Several prognostic and predictive factors have been
proposed, but all have had limited value (2).Many efforts
in oncology have focused on noninvasive methods to
monitor the disease course. The discovery of circulating
cell-free DNA (cfDNA) in the blood and the increased
concentrations found in cancer patients compared with
healthy individuals raised attention for its application in
monitoring tumor dynamics (3). The amount of cell-free
circulating DNA derived from the tumor (ctDNA) largely

depends on the tumor type, disease stage, and therapeutic
response (4, 5). ctDNA is derived from the primary tu-
mor, metastases and micrometastases, and/or apoptotic
circulating tumor cells (6). To identify ctDNA, tumor-
specific aberrations can serve as personalized biomarkers.
In ACCs, extensive efforts have led to the identification of
several genes involved in ACC pathogenesis (2, 7). In the
present case report, we aimed to detect ctDNA in the
plasma of patients with ACC by identifying specific
mutations present in both the primary tumor and the
cfDNA using next-generation sequencing (NGS).
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Methods

Bloodwas collected inEDTA tubes 1 to2weeks before surgery and
5 to 6months after surgery. For patient 3, bloodwas also drawn at
14 months and 2 years postoperatively. The blood samples were
processed directly after collection by centrifugation for 10 minutes
at 1349g at 4°C.The supernatantwas carefully removed and saved
in 1-mLaliquots at280°Cuntil analysis. TheDNAfrom1 to2mL
of plasma, dependent on availability, was isolated using the
QIAamp Circulating Nucleic Acid Kit and the vacuum-based
QIAvac 24 Plus system (Qiagen). Leukocyte preparation and
DNA isolation were performed using the DNA Isolation Kit for
Mammalian Blood (Roche). Genomic DNA from the primary
tumorwas isolated froma formalin-fixedparaffin-embedded tissue
sample, after selecting an area of high tumor content microscop-
ically (.80%). DNA isolation was performed by overnight in-
cubation at 56°C in 180mLTris-EDTA-buffer (pH7.5) containing
5% Chelex and 20 mL proteinase K (20 mg/mL), followed by 8
minutes at 100°C. The DNA yield was measured using Qubit
Fluorometric Quantitation (Thermo Fisher Scientific). NGS was
performed sequencing a custom-made multigene panel using the
Ampliseq website (available at: www.ampliseq.com) related to
major cancer pathways, such as the WNT signaling, MAPK, and
PI3K/AKT pathways, and has been previously reported (8). Ac-
cordingly, the panel covered mutational hotspot areas of APC
(exons 12 to 14), AXIN1 (exons 1 to 6), AXIN2 (exon 7),
CTNNB1 (exon 3), BRAF (exons 11 and 15), KRAS (exons 2 to
4),NRAS (exons 2 to 4),HRAS (exons 2 to 4),EGFR (exons 18 to
21), PI3KCA (exons 9 and 20), AKT1 (exon 2), AKT2 (exon 2),
AKT3 (exon 2),PTEN (exons 3 to 5 and 7),ALK (exons 23 to 25),
ERBB2 (exons 19 and 20),PRKAR1a (exons 4 to 8),TP53 (exons
2 to 11), and the promoter region ofTERT (UCSC:CRCh37/hg19
chromosome5, nucleotides 1295228-250).NGSwasperformedas
previously described (9). Thedetection thresholdof amutationwas
set at 1%. The patients provided informed consent, and the study
was conducted under guidelines approved by the ErasmusMedical
Center medical ethics committee.

NGS of the Primary Tumor and Leukocytes

In the present study, six patients with ACCwere included.
Of these six patients, mutations were found in the primary

tumor of three. In these patients, mutation analyses of
germline DNA isolated from leukocytes revealed no mu-
tations. cfDNA was isolated from plasma drawn before
and after surgery and analyzed for the same mutations
using NGS as described in the previous section.

Case Report

Patient 1
A 57-year-old male patient was referred to the Eras-

mus Medical Center because of an adrenal mass. The
computed tomography (CT) scan showed a 15-cm left
adrenal mass (Fig. 1), with lung, peritoneal, omental, and
right adrenal metastases. One day after admission, blood
was drawn and processed as described. Open debulking
adrenalectomy was performed 10 days later, with re-
moval of the omental metastases. The histopathology
report described a tumor with a Weiss score of 6, in-
cluding necrosis, nuclear atypia, mitotic count .5/50
HPF, atypical mitoses, infiltration, and diffuse architec-
ture. Immunohistochemically, calretinin, inhibin, and
melan-A were focally positive, suggestive of preexisting
adrenal tissue and supporting an adrenocortical origin of
the tumor. The Ki67 index was 50%. The histopath-
ological characteristics of the tumor in the greater
omentum and cytomorphology of a fine needle aspirate
from a lymph node revealed features similar to those
observed in the primary tumor. Six days postoperatively,
mitotane was started (1500 mg/d), with the aim of in-
creasing the dosage according to tolerability. A dosage of
6000 mg/d was reached; however, the maximum plasma
level in the first 3monthswas only 2.4mg/L. Aplasma level
of $14 mg/L is considered therapeutic (10). Three weeks
later, an abdominal CT scan showed disease progression.
The patient developed ascites, which was drained, and also
cutaneous metastases, a rare presentation of disseminated

Figure 1. Overview of imaging and NGS results for patient 1. (a) Abdominal CT scans performed at Erasmus Medical Center. (left) The left
adrenal mass of patient 1 at 10 days preoperatively, with a maximum diameter of 147 mm. On the same CT scan, lung, peritoneal, omental, and
right adrenal metastases were detected. (right) Abdominal CT scan 5 months postoperatively and 1 month before the second blood sample was
taken. The large primary adrenal tumor had been removed, but liver metastases can be seen. On the same CT scan, subcutaneous, intramuscular,
retroperitoneal, and mesenteric lesions were visible. The number of metastases had increased compared with the CT scan 2 months previously,
and the metastases visible on the previous CT scan showed variable responses to chemotherapy. (b) Overview of mutation frequencies of the
NRAS, TP53, and TERT gene of patient 1 in the primary tumor, preoperative cfDNA, and postoperative cfDNA.
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ACC (11). Mitotane was subsequently combined with
etoposide, doxorubicin, and cisplatin (M-EDP) accord-
ing to the FIRM-ACT (First International Randomized
Trial in Locally Advanced andMetastatic Adrenocortical
Carcinoma Treatment) protocol, as palliative treatment.
The cutaneous metastases decreased in size with che-
motherapy. The mitotane levels during this period varied
from 3.2 to 3.9 mg/L. Stable disease, determined by ra-
diography, was achieved after two courses of chemo-
therapy. However, 4 months after initiation, M-EDP was
discontinued because of disease progression. Specifically,
the amount of lesions in the mesentery and pelvis had
increased, and subcutaneous, intramuscular, and retro-
peritoneal lesions were still present with a mixed re-
sponse. Four weeks later, bloodwas drawn again. At that
point, signs suspicious for leptomeningeal metastases
were seen on magnetic resonance imaging (MRI). The
patient died 2 months later.

NGS of the primary tumor showed anNRASmutation
(c.182A.G:p.Q61R) in 78% of the reads and a TP53
mutation (c.856G.A:p.E286K) in 60% of the reads. A
mutation in the promoter region of the TERT gene
(1295250C.T) was reported at a frequency of 28%.
Isolation of cfDNA from the preoperative plasma yielded
123.6 ng/mL plasma. In contrast, the DNA yield from the
postoperative sample was 1.99 ng/mL. NGS of the pre-
operative cfDNA showed the same NRAS mutation as
found in the primary tumor in 64%of the reads, theTP53
mutation in 32%, and the TERT mutation in 2% of the

reads. cfDNA from the plasma collected postoperatively
showed the same three mutations in 52%, 16%, and 3%
of the reads, respectively (Table 1). No mutations were
found inDNA isolated from the leukocytes from the same
blood samples.

Patient 2
A 5-cm right-sided cortisol-producing ACC was di-

agnosed in a 61-year-old female patient, with no signs of
lymph node or distant metastases as determined by CT,
fludeoxyglucose positron emission tomography/CT, and
MRI. Blood was drawn 2 weeks before the first surgery.
After open adrenalectomy, the histopathology report
described a tumor with a Weiss score of 5. The tumor
showed immunoreactivity against synaptophysin, kera-
tin, and melan-A, pointing toward a primary ACC. Be-
cause of positive microscopic margins, mitotane was
initiated at 6000 mg/d 1 month after surgery. At that
point, a CT scan revealed no lung metastases or local
recurrence. Because of toxicity, the mitotane levels did
not reach 14 mg/mL in the 5 months after surgery. At
5 months postoperatively, CT and MRI scans revealed
local recurrence, with a lesion in the liver suspicious for
metastasis. Blood was drawn at that time.

NGS of the primary tumor showed a CTNNB1 mu-
tation (c.100G.A: p.G34R) in 34% of the reads. NGS of
the preoperative (yield, 6.50 ng/mL) and postoperative
(yield, 8.93 ng/mL) cfDNA showed no mutations
(Table 1).

Table 1. Overview of Mutations and Frequencies Found in Different Samples of Patients

Patient and Sample

Yield
(ng/mL
Plasma)

Input
DNA
(ng) Mutation 1 %a Coverageb Mutation 2 %a Coverageb Mutation 3 %a Coverageb

Mean
Coveragec

1
Primary tumor

sample
10.0 NRAS: c.182A.

G:p.Q61R
78 1337 TP53: c.856G.

A:p.E286K
60 694 TERT:

1295250C.T
28 122 1299

cfDNA sample
Preoperative 123.6 6.18 64 4580 32 2566 2 134 716
6 mo

postoperative
1.99 0.48 52 2408 16 1127 3 128 125

2
Primary tumor

sample
10.0 CTNNB1: c.100G.

A: p.G34R
34 1641 NA NA NA NA NA NA 1074

cfDNA sample
Preoperative 6.50 1.56 ND 2104 2350
5 mo

postoperative
8.93 2.10 ND 1422 1532

3
Primary tumor

sample
10.0 TP53: c.542G.

A:p.R181H
27 1191 NA NA NA NA NA NA 1074

cfDNA sample
Preoperative 15.88 3.81 ND 626 605
6 mo

postoperative
44.38 10.0 ND 2239 1961

14 mo
postoperative

13.00 3.00 ND 379 854

2 y postoperative 19.75 4.74 ND 3997 109

Abbreviations: NA, not applicable; ND, not detectable (or below detection limit).
aFrequency of reads with mutations determined using NGS.
bTotal amount of reads per nucleotide position of the mutation.
cMean coverage per sample or mean depth.

doi: 10.1210/jc.2017-00174 https://academic.oup.com/jcem 3613

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/102/10/3611/3903084 by guest on 19 M
ay 2023

http://dx.doi.org/10.1210/jc.2017-00174
https://academic.oup.com/jcem


Patient 3
A 76-year-old male patient was referred to the Erasmus

Medical Center because of a right adrenal mass of 14 cm. A
CT scan revealed a 14-cm right adrenal mass with prom-
inent pretracheal and aortocaval lymphnodules but no signs
of metastases. Open adrenalectomy was performed. The
histopathology report described a tumor with aWeiss score
of 5. At 3 weeks postoperatively, treatment with mitotane
was started;mitotane levels of 8.4mg/Lwere reachedwithin
2 weeks. However, the patient had to withdraw from
mitotane 2 months after the start of treatment because of
toxicity. At 8months postoperatively, a CT scan showed no
signs of local recurrence or residual disease; however, it did
show an enlarged ileocecal lymph node, for which colo-
noscopy was performed, and the findings ruled out colon
carcinoma. Two weeks later, blood was drawn. Sub-
sequently, 6 months later, a CT scan showed increased
nodules in the ileocecal and paraduodenal region on the
right side, suspicious for local recurrence. Thus, blood was
drawn again. Twomonths later, hemicolectomy and lymph
node dissection were performed. The histopathology report
confirmed locoregional recurrence of the primary ACC.
Two months after surgery, mitotane was started but again
was not tolerated by the patient. At the fourth blood sample
drawn, a CT scan showed lesions in the right perirenal
region suspicious for locoregional recurrence.

A mutation in the TP53 gene (c.542G.A:p.R181H)
was found in 27% of the reads in the primary tumor.
At all measurement points (preoperatively and post-
operatively), the TP53 mutation was not found in the
cfDNA (Table 1).

Discussion

To the best of our knowledge, we have shown for the first
time the possibility of identifying ctDNA in patients with
ACC. However, from the three patients in whom we
identified gene mutations in the primary tumor, we were
able to identify the mutations in the cfDNA of only one
patient, suggesting this minimally invasive approach will
only be suitable for monitoring disease progression in a
subgroup of patients with ACC.

The cfDNA from both blood samples of patient 1
appeared to include high percentages of ctDNA, as in-
dicated by the relatively high mutation frequencies. As
expected, the mutation frequencies were lower in the
cfDNA than in the primary tumor DNA, because only
ctDNA includes mutations and the fraction of ctDNA
will be influenced by tumor heterogeneity and the cfDNA
amount released by apoptotic cells from healthy or
inflamed tissues unrelated to the tumor. Several reports
have already shown that the fraction of circulating DNA
derived from the tumor varies greatly, from 0.01% to

90% (5). The three mutations found in patient 1 were
previously reported to be associated with ACC patho-
genesis (12). However, the frequencies of the TERT
mutation (2% and 3%) and the coverage of this position
in the cfDNA from patient 1 were low. No quantification
of the background noise can be performed as yet for
cfDNA with this panel; therefore, we could not consider
this mutation as “real” in the cfDNA. The absence of
mutations in the leukocytes served as a negative control.

The lower cfDNA yield and the lower mutation fre-
quencies in the postoperative plasma of patient 1 could
potentially be explained by the lower tumor load, because
the primary tumor and most metastases were surgically
removed. The patient had also undergone treatment with
M-EDP before the postoperative blood sample was taken,
which could have influenced ctDNA release. Themutation
frequencies in the cfDNA from patients 2 and 3 were very
low (,0.05%) and should therefore be interpreted as
noise. For patients with very limited ctDNA in the plasma,
it might be useful and required to use more sensitive
techniques to detect tumor DNA. Although it will be
difficult to interpret very low (,1%)mutation frequencies
in cfDNA, the clinical relevance to date is also not known.
Potential other explanations for the absence of tumor-
specific mutation detection in cfDNA include the absence
of circulating tumor cells and intermittent or no leakage of
DNA by the tumor. The differences in relative mutation
frequencies detected in the tumor tissue and blood samples
between and within patients are indicative of intra- or
intertumor molecular heterogeneity or might result from
regional differences in ctDNA stability. That ctDNA was
not detected in the same patient at different disease stages
(local vs metastasized disease) might indicate that ctDNA
release, stability, or clearance is also, to an extent, tumor or
patient related. The absence of mutations in the plasma
sample from patients whose tumor was found to have a
mutation has been described previously in other types of
cancer (13). cfDNA is also known to be fragmented. In
other types of cancer, ctDNA released by apoptosis is
thought to be approximately 166 bp. In contrast, necrosis
releases larger fragments of about 10,000 bp (14, 15).
DNA fragmentation analysis at 100 to 12,000 bp revealed
fragments in part of our cfDNA samples, which might
indicate that our cfDNA samples also harbored larger
DNA fragments (.12,000 bp) or that more sensitive
methods are necessary to detect DNA fragments at lower
DNA concentrations (Supplemental Table 1).

Our approach considers the mutations detected by
NGS in the primary tumor for identification of these
tumor-specific mutations in the cfDNA. Consequently,
the limitations of this approach include the required
presence of ACC-associated mutations in the primary
tumor and theminimal necessary DNA yield for NGS. To
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enable discrimination between true mutations at low
frequency and background noise due to sequencing
artifacts and, thus, improve the sensitivity of NGS, mo-
lecular barcodes could be used. Hence, mutations could
be identified in reads originating from different mole-
cules, which would allow for more reliable detection of
mutations. This should be investigated in more detail.

Isolation and quantification of ctDNA in ACC has
several potential clinical applications. However, on the
basis of this case series, it might only be applicable for a
subgroup of patients with ACC, potentially those with
large tumors. Research could focus on the value of ctDNA
as biomarker for diagnosis, tumor dynamics, treatment
response, or prognosis. Finally, it would be interesting to
identify the mechanisms underlying the response to sys-
temic therapies, because the unresponsive clones of ctDNA
will potentially remain in the circulation during treatment.

In conclusion, to the best of our knowledge, this is the
first study reporting mutations in the cfDNA in a patient
with ACC. In addition, our results showed variability in
the fraction of ctDNA in the cfDNA between patients.
Our results provide a basis for further research using
innovative NGS approaches to enable minimally invasive
techniques for monitoring progressive disease and
detecting a tumor response in patients with ACC.
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