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Abstract: The treatment options for cancer of unknown primary (CUP) are challenging due to
the lack of knowledge about the primary sites, often resulting in a poor prognosis. The emerging
next-generation sequencing (NGS) technique has provided a reliable approach to facilitate tumor
primary site prediction and targetable gene alteration identification for CUP patients. In this
report, we described a 63-year-old female patient who experienced recurrent CUP. NGS-based
genetic profiling results revealed a pathogenic germline BRCA1 R71K mutation. Accordingly,
the patient received the poly(adenosine diphosphate [ADP]-ribose) polymerase (PARP) inhibitor
olaparib treatment and demonstrated a favorable response to this treatment. Our case suggests
that NGS holds great promise for providing improved diagnosis and treatment options to patients
with CUP, warranting further clinical investigation.
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Introduction
Cancer of unknown primary (CUP) is a malignant metastatic disease, the primary
sites for which cannot be identified at the time of diagnosis despite rigorous
efforts.’ Although the development of detection technologies could improve the
identification of the primary site, CUP remains the sixth to eighth most common
cancer globally, accounting for 2-5% of all diagnosed malignancies.'*
Epidemiological studies have shown that the median age of diagnosed CUP patients
is 60 with no significant sex difference, and over 80% of patients diagnosed with
CUP displayed an aggressive form of the disease.” The absence of a primary tumor
for CUP can be a result of its size, dormancy, and involution, and such cryptic
pathogenesis imposes challenges on the treatment of CUP.? Due to its late onset,
difficulty in diagnosis, limited treatment options, and strong drug resistance, the
prognosis of CUP is often depressing with a median survival of less than one year.'
A study found patients with CUP experienced significantly poorer survival than
those with metastatic cancer of a known primary site.* Indeed, CUP is the third to
fourth most common cause of cancer-related mortality.'

Germline BReast CAncer 1/2 (BRCA1/2) mutations place patients at a high
risk of developing breast cancer, ovarian cancer, prostate cancer, melanoma, and
pancreatic cancer with clinicopathologic features of early onset, high grade, and
BRCA genes are essential for the

aggressiveness.”® The homologous
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recombination (HR) pathway, which functions in high-
fidelity DNA double-strand break (DSB) repair.” HR
deficiency (HDR) due to inactivation of the BRCA
genes can result in genome instability, and germline
BRCA1/2 mutation status is currently one of the most
relevant genetic tumor markers for HRD used in the
clinic.””” As sensitivity to platinum drugs is a feature
of HRD, the HRD patients are likely to benefit from the
poly(adenosine diphosphate [ADP]-ribose) polymerase
(PARP) inhibition by the strategy of synthetic
lethality.'® In detail, tumors with defects in BRCA1/2
have compromised ability to repair DNA DSB by HR,
and they are then highly sensitive to blockade of the
DNA single-strand break repair caused by the inhibition
of PARP enzymatic activity.'""'* Over the past decade,
four PARP inhibitors, including olaparib, rucaparib, nir-
aparib and talazoparib, have been approved by the FDA
for clinical use as single agents.'?

Currently, next-generation sequencing (NGS) has
facilitated the prediction of tumor primary sites and the
identification of targetable gene mutations in patients with
CUP. The recent clinical trial has shown the promise of
site-specific treatment and targeted therapy based on NGS
testing results for CUPs, which warrants further clinical
investigation.'* Herein, we report that a 63-year-old
female patient who experienced recurrent CUP showed
durable clinical benefit from the olaparib treatment in
light of the pathogenic germline BRCA/ mutation as iden-
tified by the NGS genetic testing.

Case Report

A 63-year-old, female new patient was admitted to the
hospital in October 2012, and the timeline of her clinical
records and treatments throughout the 9-year course are
demonstrated in Figure 1. The patient presented with an
egg-sized lump in her left iliac fossa (Figure 2A, left). The
patient has no family history of cancer except that her
mother died of a malignant tumor of unknown primary.
Laboratory examinations revealed that her pretreatment
carbohydrate antigen CAI125 level was 133.6 U/mL,
whereas no abnormalities were observed with the levels
of carcinoembryonic antigen (CEA), carbohydrate antigen
CA19-9, alpha-fetoprotein (AFP), and carbohydrate anti-
gen CA72-4. The patient underwent resection of the lump,
and the pathological results (Figure 2B) are as follows:
Haemotoxylin and eosin (H&E) staining revealed the his-
tologic pattern of adenocarcinoma. Immunohistochemical
(IHC) staining showed tumor proliferation marker antigen

KI-67 (Ki-67, 70%), tumor marker p53 (diffuse +), squa-
mous carcinoma marker p40 (sporadic +), intestinal ade-
nocarcinoma marker cytokeratin 20 (CK20, -), ovarian
cancer marker Wilms tumor 1 (WTI, +), high-grade cer-
vical squamous intraepithelial lesion marker p16 (sporadic
+), ovarian clear cell carcinoma marker, hepatocyte
nuclear factor-1-beta (HNF1B, -) and Napsin A (-), and
the Paired Box 8 (PAXS, +) marker for renal, Miillerian,
and thyroid carcinomas. The site of the primary tumor was
unclear based on the pathological evidence. Subsequent
positron emission tomography-computed tomography
(PET-CT) examinations (Figure 2A, right) revealed
increased fluorodeoxyglucose (FDG) metabolism in the
right sterno-diaphragmatic angle and cardiophrenic angle,
right crus of the diaphragm, retroperitoneum, and left
pelvic cavity, which was initially considered as metastatic
tumors. The slight increase in FDG metabolism at the
lower left abdominal wall and the small lymph nodes of
the left groin was first considered as postoperative
changes. The increased FDG metabolism in the third and
fourth posterior lumbar spine was considered as the
inflammatory response. A liver cyst was detected.
Further pathological examination was warranted for the
small convex perineal nodules with increased FDG meta-
bolism. In November 2012, the patient received the pacli-
taxel—cisplatin chemotherapy regimen for a total of 6
cycles. During the treatment, the tumor marker CA125
gradually decreased to the normal range (0-35 U/mL),
and the therapeutic efficacy was evaluated as partial
response (PR). After chemotherapy, the patient was mon-
itored by regular imaging examinations with no sign of
tumor recurrence or metastasis, and her CA125 level
remained in the normal range.

In April 2016, her CA125 level was found to reach
84.7 U/mL. Given no clear sign of tumor recurrence or
metastasis according to imaging examinations, we consid-
ered this case as biochemical recurrence and did not pur-
sue the remaining therapy. In July 2017, the CA125 level
increased to 824.2 U/mL, and magnetic resonance imaging
(MRI) indicated enlarged lymph nodes in the retroperito-
neal area (Figure 2C, left). The patient then received
gemcitabine-carboplatin  regimen chemotherapy for
a total of 6 cycles, and the CA125 level decreased to the
normal range again. CT examination showed the size of
retroperitoneal lymph nodes significantly reduced after
chemotherapy (December 2017), and the efficacy was
evaluated as PR. After 6 cycles of chemotherapy, we
revisited the tumor specimen from her left iliac fossa,
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Figure | Timeline of treatment with radiography of responses and CA125 concentration. (A) Timeline of treatment and corresponding MRI. (B) Timeline of treatment and
corresponding CAI25 concentration.

added additional IHC tests, and found estrogen receptor  positivity suggested that the primary tumor site could be
(ER), progesterone receptor (PR), and Human Epidermal located in female genital organs or the breast. Due to her
Growth Factor Receptor 2 (HER2) were all positive (70%  poor tolerance to chemotherapy, the patient started main-
medium +, 5% weak +, and 1+, respectively). The tenance therapy with oral letrozole.
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Figure 2 Imaging examinations during the treatment. (A) MRI and PET-CT evaluation at the time of the patient’s initial admission in October 2012. (B) H&E and IHC staining
in October 2012. The p40-positive cells are pointed by the red triangles. (C) MRI evaluation in July 2017 and PET-CT evaluation in May 2019. (D) H&E and IHC staining in

November 2019. Scale bars represent 200 pm.

In May 2018, the patient’s CA125 level elevated to
90.9 U/mL. CT results showed the retroperitoneal lymph
nodes resembled her biochemical recurrence scenario in
December 2017. The patient continued letrozole treatment
until CA125 reached 481.6 U/mL in May 2019. CT results
revealed significantly enlarged retroperitoneal lymph

nodes compared to May 2018, so the efficacy was evalu-
ated as progressive disease (PD). In May 2019, the patient
underwent the PET-CT examination (Figure 2C, right),
which revealed multiple retroperitoneal lymph nodes
with high FDG metabolism, suggestive of metastasis.
Due to inflammation in the colon, the patient underwent
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the colonoscopy examination and began to take the ulcera-
tive colitis treatment accordingly. In November 2019, she
received the CT-guided retroperitoneal lymph node punc-
ture operation, and the pathological results of the lymph
node biopsy are as follows (Figure 2D). H&E staining
indicated poorly differentiated adenocarcinoma, and some
of the cancer cells had clear cytoplasm. IHC staining
showed p40 (-), PAX8 (diffuse strong +), squamous carci-
noma marker p63 (-), intestinal adenocarcinoma marker
cytokeratin 7 (CK7, +), and breast carcinoma marker
GATA Binding Protein 3 (GATA3, a little cytoplasmic
+). Together with the markers of ER (40%+t), PR (-),
HER2 (2+), androgen receptors (AR, ~5%+), and mam-
maglobin (-), it was likely to be adenocarcinoma of the
female genital organs. However, the primary site was still
undetermined.

The patient underwent targeted NGS using the 48
MAMECAN™
Laboratory Improvement Amendments (CLIA)-certified
and College of American Pathologists (CAP)-accredited
clinical testing laboratory (Nanjing Geneseeq Technology,
China) since November 2019 (Table SI).
Targeted NGS was performed as previously described."

cancer gene panel in a Clinical

Nanjing,

In brief, germline mutations were identified from genomic
DNA extracted from whole blood control samples using
the DNeasy Blood & Tissue Kit (Qiagen). Cell-free DNA
(cfDNA) was extracted from the plasma supernatant using
QIAamp Circulating Nucleic Acid Kit (Qiagen) for circu-
lating tumor DNA (ctDNA) analysis. NGS library prepara-
tion was performed using KAPA Hyper Prep Kit (KAPA
Biosystems, USA). Customized xGen lockdown probes
(Integrated DNA Technologies) targeting the cancer-
relevant genes were used for hybridization capture enrich-
ment. Enriched libraries were on-beads PCR amplified,
purified, and sequenced on the Illumina HiSeq4000 plat-
form. The NGS test revealed a pathogenic, heterozygous
germline BRCAI 331G>A nucleotide substitution muta-
tion, which results in an Arg-to-Lys change (Figure 3A).
Therefore, the patient began oral olaparib treatment at
300 mg twice a day from December 2019. The patient
has demonstrated PR to olaparib, and the CA125 level
dropped from 228.8 U/mL to 6.0 U/mL after the treatment.
The in March 2020,
November 2020, and March 2021 all confirmed progres-

following CT examinations

sive shrinkage of retroperitoneal lymph nodes (Figure 1A).
Molecularly, we detected one ClinVar database-defined
“likely pathogenic” somatic mutation S241C in tumor
suppressor 7P53 at a mutant allele frequency of 2.97%

from the November 2019 NGS test (Table S2). Another
somatic mutation CHEK2 G178E was also detected by
NGS, but its biological significance was unknown. With
olaparib treatment, we observed effective elimination of
ctDNA as the 7TP53 S241C mutation was no longer
detected in the two subsequent NGS tests (Figure 3B).
Up till present, the patient has been on the olaparib mono-
therapy for 15 months and remained progression-free with
good tolerability and high quality of life.

Discussion

Accurate determination of the tissue of origin for meta-
static tumors is important for effective treatment and
improved patient outcome, but it often remains elusive
for CUPs, which imposes a therapeutic challenge.'® In
the era of precision medicine, assays such as imaging
and immunohistochemical evaluation and molecular pro-
filing, especially emerging genomic profiling, have been
utilized to predict the primary site and highlighted the
advantage of personalized therapy.'® For instance, gene
expression and alterations from NGS may help predict
the primary site of CUPs and guide treatment, and such
targeted therapy for CUP patients has been in the clinical
trial.'"* A number of case reports have confirmed the sig-
nificance of NGS for CUPs. Kato et al reported a case of
unknown primary adenocarcinoma with KRAS G12D and
MLH1 R389W mutations identified by NGS-based ctDNA
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Figure 3 Diagrams of mutations identified in NGS testing. (A) Schematic diagram of the
R71K mutation in full-length BRCAI (adopted from cBioPortal MutationMapper https:/
www.cbioportal.org/mutation_mapper, retrieved on Nov. 3, 2021). (B) Abundance
change of TP53 S241C in the time course of olaparib treatment. The ctDNA abundance
measured by each NGS test is represented by the dot.
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evaluation, and the clinical efficacy reached PR after tar-
geted application of Trametinib and Nivolumab.'” Subbiah
et al reported 7 cases of CUP all benefited from NGS-
guided, targeted therapy.'® Both Ross and Zhao et al
reported cases of CUP with EML4-ALK fusion found by
NGS, and patients achieved PR after targeted therapy of
the ALK inhibitor crizotinib.'*?° Mitani et al reported
successful treatment of a CUP patient with EGFR muta-
tions under the guidance of NGS, achieving long-term
disease control.”'

Here, we report a unique case of a CUP patient carry-
ing a germline BRCAI pathogenic mutation R71K,
whereas the application of the PARP inhibitor olaparib
has achieved good therapeutic effects. Although we per-
formed extensive pathological examinations (eg, H&E
stain and immunohistochemistry) and imaging technolo-
gies (eg, CT, MRI, and PET-CT scan), the primary site has
not yet been identified, while additional workup such as
direct internal organ visualization by an exploratory lapar-
otomy may facilitate a definitive diagnosis.”> The use of
empirical first- and second-line chemotherapies initially
reached acceptable results, but the patient later suffered
from poor tolerance and disease recurrence. Endocrine
therapy with letrozole based on IHC results exhibited
limited efficacy. Subsequently, the NGS-based profiling
detected the BRCAI R71K point mutation. Olaparib was
administered accordingly, and the efficacy has been favor-
able as evidenced by reduction of CA125 to a normal
level, shrinkage of the retroperitoneal lymph nodes, and
elimination of detected plasma ctDNA. The patient has
been evaluated as PR during long-term follow-up till now.

BRCA1/2 are tumor suppressor genes maintaining gen-
ome integrity by regulating homologous recombination
repair (HRR).>> Germline pathogenic variants in BRCA
genes are associated with a higher risk of cancer in an
autosomal dominant manner.”® Although the prognostic
value of BRCAI/2 mutations for cancer patients remains
controversial, ovarian cancer patients carrying inherited
BRCA gene mutations were found to have better survival
compared to non-carriers, regardless of tumor stage, grade,
or histologic subtype.”* A large-scale molecular profiling
across 21 tumor lineages composed of 52,426 tumor sam-
ples revealed that BRCA1/2 was among the top commonly
mutated HR-related genes harboring pathogenic
mutations.” Recent studies suggested that BRCA muta-
tions have a prevalence of 2-8% among breast cancer
patients, 13—-15% among ovarian cancer patients, and
a population carrier frequency of 0.2-1%.%° The types of

BRCA disease-causing mutations include frameshift, stop

codon, rearrangement, missense,

26

and splice variant
mutations.

The BRCAI 331G>A (GenBank: U14680.1) point
mutation we reported in the exon 5 of BRCAI can theore-
tically result in an Arg-to-Lys change at codon 71
(R71K).?’ Previous research has shown that this mutation
significantly increased the BRCAI transcript containing
a 22-bp deletion in exon 5 and putatively encoded
a truncated BRCAI protein of 63 amino acids instead of
1863 residues.”’ It is likely because the 331G>A mutation
is located at the last nucleotide of exon 5 and alters the
guanidine of the 5’ splice site consensus sequence “AG”
leading to the use of an alternative splice site. This is
a loss-of-function mutation that was also reported in
other studies, resulting in disruption of the highly con-
served zinc finger ring domain (residue 24-78) and loss
of the downstream functional domains.?’ >° These findings
justified the treatment rationale for the patient receiving
the PARP inhibitor olaparib and achieving a sustained
clinical benefit.

Olaparib, the first PARP inhibitor approved by the
FDA, acts as a competitive inhibitor of nicotinamide ade-
nine dinucleotide (NAD") at the catalytic sites of PARPI
and PARP?2, leading to DNA damage and synthetic leth-
ality with BRCA deficiency.’’ Based on the results of
SOLO-1 and SOLO-2 studies, olaparib was approved by
the FDA for
cancer.’*** The OlympiAD’s results led to its approval

platinum-sensitive recurrent ovarian
for use in breast cancer.>* Since the trial POLO announced
its results, the FDA has approved olaparib for pancreatic
cancer patients with an inherited BRCA mutation.>> Based
on the results of the trial PROfound, the FDA approved its
use in metastatic castration-resistant prostate cancer
(mCRPC) patients with HRR gene mutation.>® To date,
applications of olaparib for a wider range of cancers are

still under investigation and have shown great potential.

Conclusion

In conclusion, our case has demonstrated a favorable
response to the olaparib treatment in a CUP patient carry-
ing a germline BRCA! R71K mutation. It underscores the
application of NGS in guiding precision therapy and tar-
geted treatment for CUPs with sophisticated histopatholo-
gic characteristics. Currently, most of such studies,
including this one, are case reports based on the genomic
status of individual patients, while the clinical value of the
genomic changes in the CUP population needs to be
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systematically evaluated. Going forward, the clinical trials,
including CUPISCO, OCTANE, and GENIUS,*”* hold
great promise to establish the role of NGS testing in the

evaluation and treatment of patients with CUPs.
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