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ABSTRACT

BACKGROUND: Cancer of unknown primary (CUP) is difficult to diagnose and classify clinically, and the disease develops rapidly. There-
fore, the primary tumor detected in patients with CUP plays a profound role in the diagnosis and treatment of patients. The search for the
primary tumor of CUP is also one of the indications for 18F-fluoro-2-deoxyglucose-positron emission tomography and computed tomogra-
phy (FDG-PET/CT). Our objective was to evaluate the role of 8F-FDG PET/CT imaging in primary tumor detection and treatment formulation
in patients with CUP.

METHODS: Sixty-two patients with CUP were selected from a database consisting of 18802 cases in the Jiangsu Cancer Hospital PET/CT
center from May 18, 2016 to November 18, 2022. Clinical data and changes in treatment strategies before and after PET/CT were
collected.

RESULTS: A total of 42 primary tumors (42/62, 67.7%) were identified by PET/CT examination. The tumor staging of patients before conven-
tional PET/CT imaging (such as CT/magnetic resonance imaging [MRI]/US) and after PET/CT did not change in 28 patients (28/62, 45.2%),
whereas for 34 patients (34/62, 54.8%), tumor staging changed. Forty-five patients (45/62, 72.6%) had not developed treatment plans before
PET/CT examination, but treatment plans were clarified after PET/CT examination. Thirteen patients (13/62, 21.0%) underwent changes in
treatments before and after PET/CT examination. Among the 20 patients (20/62, 32.3%) whose primary tumors were not detected, 16 patients
(16/20, 80.0%) had no treatment plans before PET/CT and the treatment plans were defined after PET/CT, 3 patients (3/20, 15.0%) changed
the treatment plans before and after PET/CT, and 1 patient (1/20, 5.0%) did not change the treatment plan.

CONCLUSIONS: The '®F-FDG PET/CT plays an important role in the detection and staging of primary tumors in patients with CUP. The PET/
CT findings can not only help clinicians develop appropriate treatment plans for patients with CUP but also serve as an effective approach

to improve real-life treatment strategies for these patients.
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Introduction

A tumor is a disease characterized by the disordered malignant
proliferation of cells. According to the latest epidemiological
data, there were approximately 19.3 million new cancer cases
and almost 10.0 million cancer deaths every year, ranking sec-
ond (cardiovascular and cerebrovascular diseases are the first
with 18.6 million deaths per year).»> With the continuous pro-
gress of medical science and technology, the overall 5year sur-
vival rate of malignant tumors continues to improve. Among
all malignancies, cancer of unknown primary (CUP) refers to a
series of comprehensive diagnostic methods, including clinical
data, laboratory examination, traditional imaging examination
(including computed tomography [CT], magnetic resonance
imaging [MRI], X-ray, ultrasound [US]) and histopathologic
examination, and the clinician considered metastatic cancer
first when excluding other primary cancers, which accounts for
approximately 1% to 2% of cancers.>* The Syear overall

survival rate of CUP has not improved significantly in the last
20years.

Cancer of unknown primary is difficult to diagnose and
classify clinically, and the disease develops rapidly. Most
tumors are not sensitive to systematic treatment, bringing
great difficulties to identifying appropriate clinical treat-
ment. Therefore, the primary tumor detected in patients
with CUP plays a profound role in the diagnosis and treat-
ment of patients.® The key to effective treatment of CUP is
to find the primary tumor so that targeted treatment may be
developed. Traditional methods for finding primary lesions
include clinical physical examination, laboratory examina-
tion, and traditional imaging studies, including CT, MRI,
and US. Patients with CUP undergo a series of multidiscipli-
nary diagnostic evaluations, and imaging plays an irreplace-
able role.” During the past 30years, the accuracy of detecting
primary tumors by CT or magnetic resonance imaging has
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increased from 11%-26% to 33%-55%.8 In a study with 879
participants,®® CT scans provided an overall diagnostic
accuracy of 55%. More than 50% of patients did not have
their primary tumor detected by CT or MRIL.1

In the past 20years, a new medical imaging device,
18F-fluoro-2-deoxyglucose PET/CT (FDG-PET/CT), has
been widely used in the clinic. Especially in cancer staging,
prognosis, and patient management, SF-FDG PET/CT
plays an important role. The search for the primary tumor of
CUP is also one of the indications for 8F-FDG PET/CT.
However, compared with MRI or CT, the diagnostic value of
BF-FDG-PET/CT to identify the location of the primary
tumor in CUP, the extent of the lesion, the metastatic lymph
nodes, and distant metastases are still controversial in the lit-
erature. In some guidelines, *F-FDG-PET/CT is used only
as an additional supplement to routine tests.!’20 In a large
study involving 449 patients, Yu et al*! found that PET/CT
scans accurately detected the primary tumor in 115 patients,
which inspired the use of PET/CT studies in patients at an
early stage of diagnosis. However, it has also been argued that
despite statistical evidence that PET/CT is a better tool for
identifying the origin of cancer than MRI (22%-44% vs 20%-
27%).?2 The main reason for this difference may be that there
are some differences in the CUP inclusion criteria. Generally,
the more stringent the inclusion requirements, the better the
PET/CT results.

Furthermore, patients with CUP can still change their
treatment regimen even if no primary lesion is found after the
BF-FDG PET/CT examination. One third of the patients
changed treatment due to the results of FDG-PET or PET/
CT, a finding consistent between many subgroups.?1-23

We aimed to provide evidence supporting the role of
BE-FDG PET/CT imaging in detecting primary lesions in
patients with CUP and in establishing treatment plans.

Materials and Methods
Patients

Sixty-two patients with CUP were selected from a database
consisting of 18 802 cases at the Jiangsu Cancer Hospital PET/
CT center from May 18,2016 to November 18, 2022.

As there were no uniform specific inclusion criteria for
CUP in the previous literature, in this study, we adopted stricter
inclusion criteria. The inclusion criteria were as follows: (1)
histopathology-confirmed malignant tumor; (2) absence of
primary tumor detected by CT/MRI; (3) clinician confirma-
tion of CUP; (4) no history of malignant tumor treatment
before PET/CT; and (5) clinician-developed or will soon
develop a treatment plan. Exclusion criteria were as follows: (1)
primary tumor detected by CT/MRI; (2) previous history of
cancer; or (3) history of malignant tumor treatment before

PET/CT (Figure 1).
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Figure 1. Patient grouping flow chart of the study.

Positron emission tomography and computed

tomography imaging

All patient images were captured using GE Medical Systems,
Discovery 710 PET/CT, Waukesha, Wisconsin, USA. Each
patient received an intravenous infusion of ¥F-FDG at 0.1 to
0.2 mCi/kg after fasting for at least 6 hours. Fasting blood glu-
cose levels were maintained below 11 mmol/L before intrave-
nous radiopharmaceutical. The patient was then arranged to lie
down in a quiet and comfortable room while receiving 1000 mL
of water. Order scans began immediately after emptying the
bladder. The patient was instructed to drink rink 300 to 500
mL of water to fill the gastrointestinal tract before entering the
examination room.

Combined image acquisition was performed approximately
50 to 70 minutes after '*F-FDG injection. The first step was to
perform a body scan. The scan covered 6 to 7 positions on the
bed from the skull base to the middle of the thigh. During
examination, the patients lay supine on the examination bed
and held their hands above the head. Positron emission tomog-
raphy and CT images were collected. Computed tomography
scanning parameters: layer thickness 3.75mm, pitch 0.984,
tube voltage 140kVp, automatic tube current mA, frame rota-
tion speed 0.8 s/rot, 512 X 512 reconstructed matrix; PET scan
parameters: 2min/bed. Computed tomography images were
reconstructed using the iterative image reconstruction algo-
rithm, and the reconstruction function was Stnd Wide View.
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The second step was to perform a thin-slice CT scan of the
chest, only CT images were collected. Thin-slice chest CT
scanning: layer thickness of 1.25 mm, pitch of 1.375, tube volt-
age of 120kVp, tube current of automatic adjustment mA,
frame rotation speed of 0.6 s/rot, and 512 X 512 reconstructed
matrix. An iterative image reconstruction algorithm was used
for reconstruction. The mediastinal window reconstruction
function was Stnd and Lung window reconstruction function.
The third step was a head scan. The patients placed their hands
at each side or on the abdomen of the body. Positron emission
tomography and CT images were collected. Computed tomog-
raphy scanning parameters: layer thickness 3.75mm, pitch
0.516, tube voltage 120kVp, tube current 300 mA, frame rota-
tion speed 1.0s/rot, 192 X 192 reconstructed matrix; PET scan
parameters: 5min/bed, 1 bed covered the scan area. The
expected maximization algorithm of ordered subset based on
CT attenuation correction was used to reconstruct the PET
image data set iteratively. Trans axial, sagittal, coronal, and
fused images were analyzed on an Advanced Workstation

AW4.6 (GE HealthCare Biosciences, Piscataway, NJ, USA).

Positron emission tomography and computed
tomography image analysis

All images were independently evaluated by 2 senior nuclear
medicine physicians (RH and YZ) who have been practicing
for more than 10years and have reviewed more than 1000 cases
of patient images every year. If the results were inconsistent, a
third senior nuclear medicine physician (YH) was added to
assess. The third senior nuclear medicine physician has been
practicing for more than 20years and has reviewed more than
1500 patient images every year.

Ewvaluation of patient treatment options

Progress notes from all patients were reviewed and recorded,
including imaging data, biochemical results, expected treat-
ment plans before PET/CT, and the treatment plans finalized
and implemented after PET/CT.

Data analysis

Identification of the primary tumor with positron emission tomog-
raphy and computed tomography. The detection of primary
tumor, lymph node metastasis, and distant metastasis was eval-
uated on the basis of PET/CT reports. Puncture or biopsy of
suspected primary tumors on PET/CT images showed clear
histopathology, all of which indicated malignant tumors. None
of patients had received therapy before PET/CT examination.
Management before and after PET/CT were analyzed.

Determination of utility of positron emission tomography and com-
puted tomography to assist in the formulation of the treatment plan
or change the treatment plan. For other lesions found on PET/

CT, such as metastatic lymph nodes and distant metastases,
conclusions were drawn based on comprehensive clinical data.
Some patients did not have a detailed treatment plan prior to
PET/CT examination. After PET/CT examination, the clini-
cians prepared a detailed treatment plan for the patients
according to the results and the relevant clinical data obtained.
We identified this situation as PET/CT assisted in the formu-
lation of a treatment plan.

For other patients, the clinician made a detailed treatment
plan based on the clinical data obtained before PET/CT
examination, but it had not been implemented. However, after
PET/CT examination, the clinician changed the patient’s
treatment plan according to the PET/CT results, including
from surgery to chemotherapy or immunotherapy, chemother-
apy to radiotherapy or surgery combined with chemotherapy,
radiotherapy to surgery or chemoradiotherapy, chemoemboli-
zation to chemotherapy, all of which are considered to have
changed the treatment plan following PET/CT.

Statistics. Continuous variables are expressed by mean = SD,
and categorical variables are expressed by frequency with per-
centage. The detection rate was calculated with 95% confi-
dence intervals (Cls) for statistical hypothesis testing, the
95% CI was calculated by the exact probability method.
P< .05 indicated statistical significant. Statistical calcula-
tions were performed using SPSS version 23 (IBM, Armonk,
New York, USA).

Results

Detection of ‘primary tumors by positron emission
tomography and computed tomography

Sixty-two patients with CUP syndrome were included (16
women, 46 men; mean age 60.26 + 11.82years) in this study.

Fifty-six patients (56/62, 90.3%) underwent traditional
imaging examinations, such as MRI (13/62, 21.0%) or CT
(36/62, 58.1%), or US (7/62, 11.3%), before PET/CT exami-
nation. The time interval between these examinations and
PET/CT was 15.36 £11.90days. Six patients (6/62,9.7%) did
not undergo imaging prior to PET/CT examination.

A total of 62 primary tumors were confirmed by histopa-
thology in 62 patients. The highest proportion was adenocarci-
noma (29/62, 46.8% [95% CI=34.0%-59.9%]), followed by
squamous cell carcinoma (22/62, 35.5% [95% CI=23.7%-
48.7%]), poorly differentiated/undifferentiated carcinoma
(7/62, 11.3% [95% CI=4.7%-21.9%]), malignant melanoma
(1762, 1.6% [95%CI 0.0%-8.7%]), small cell carcinoma (1/62,
1.6% [95% CI=0.0%-8.7%]), lymphoepithelial carcinoma
(1762, 1.6% [95% CI=0.0%-8.7%]), and sarcoma (1/62, 1.6%
[95% CI=0.0%-8.7%]).

Fifty-seven patients (57/62,91.9% [95% CI = 82.2%-97.3%])
had lymph node metastases, including 34 patients (34/62,
54.8% [95% CI=41.7%-67.5%]) with cervical lymph node
metastasis and 5 patients (5/62, 8.1% [95% CI=2.7%-17.8%])
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Table 1. Clinical details of CUP patients.

NO. OF PERCENTAGE
PATIENTS
Sex
Men 46 74.2%
Women 16 25.8%
Age (years) 60.26 = 11.82
Before PET/CT
CT 36 58.1%
MRI 13 21.0%
us 7 11.3%
None 6 9.7%
Time interval (days) 15.36 + 11.90
Type of patient
Inpatient 44 71.0%
Outpatient 18 29.0%
Histopathology
Adenocarcinoma 29 46.8%
Squz_amous 22 35.5%
carcinoma
Uncl_assified 7 11.3%
carcinoma
Malignant melanoma 1 1.6%
Small cell carcinoma 1 1.6%
Sarcoma 1 1.6%
Lympho-epithelioma 1 1.6%
Lymph nqde
metastasis
Yes 57 91.9%
No 5 8.1%
Distant metastasis
Yes 30 48.4%
No 32 51.6%

did not have lymph node metastases. Distant metastasis of dif-
ferent organs was detected in 30 patients (30/62, 48.4% [95%
CI=35.5%-61.4%]) and was not detected in 32 patients (32/62,
51.6% [95% CI = 38.6%-64.5%]).

All clinical details of patients with CUP are shown in Table 1.
A total of 42 primary tumors (42/62, 67.7% [95% CI=54.7%-
79.1%]) were identified by PET/CT examination. Fifteen
lesions (15/42, 35.7% [95% CI=21.6%-52.0%]) were detected
in the head and neck, 12 in the lungs (12/42, 28.6% [95%

CI=15.7%-44.6%]),4 in the ovaries (4/42,9.5% [95% CI =2.7%-
22.6%]), 3 in the stomach (3/42,7.1% [95% CI=1.5%-19.5%]),
3 in the colon (3/42, 7.1% [95% CI=1.5%-19.5%]), 2 in the
esophagus (2/42, 4.8% [95% CI=0.6%-16.2%]), 1 in the gall-
bladder (1/42, 2.4% [95% CI=0.1%-12.6%]), 1 in the kidneys
(1/42,2.4% [95% CI=0.1%-12.6%]), and 1 in bone (1/42, 2.4%
[95% CI=0.1%-12.6%]). No primary tumor was identified in 20
patients (20/62, 32.3% [95% C1 =20.9%-45.3%]).

The influence of positron emission tomography and
computed tomography on the clinical treatment of
patients

The tumor staging of patients before conventional PET/CT
imaging (such as CT/MRI/US) and after PET/CT did not
change in 28 patients (28/62, 45.2% [95% CI=32.5%-
58.3%]), 34 patients (34/62, 54.8% [95% CI=41.7%-
67.5%]) changed tumor staging (Figure 2). Of the 34
patients with changed tumor stage, 16 patients (16/34,
47.1% [95% CI=29.8%-64.9%]) were upgraded from stage
II/11I to stage IV due to additional metastases identified on
PET/CT; 18 patients (18/34, 52.9% [95% CI=35.1%-
70.2%]) had T stage diagnosed due to PET/CT detection of
the primary tumor.

Among the 62 patients, 45 patients (45/62, 72.6% [95%
CI=59.8%-83.1%]) had not received a treatment plan prior to
PET/CT examination, but for 44 patients (44/62,71.0% [95%
CI=58.1%-81.8%]) plans were clarified after PET/CT exami-
nation. The treatment of 1 patient (1/62,1.6% [95% CI =0.0%-
8.7%]) was not mentioned in the progress notes.

Thirteen patients (13/62, 21.0% [95% CI=11.7%-33.2%])
underwent changes in their treatments before and after PET/
CT examination (Figure 3). Details of changes in treatments
for the patients are documented in Figure 4. The treatment
regimens of 4 patients (4/62, 6.5% [95% CI=1.8%-15.7%])
did not change after PET/CT.

Among the 20 patients (20/62, 32.3% [95% CI=20.9%-
45.3%]) whose primary tumor was not detected, 16 patients
(16/20, 80.0% [95% CI=56.3%-94.3%]) did not have a treat-
ment plan before PET/CT, and the treatment plan was defined
following the PET/CT, 3 patients (3/20, 15.0% [95%
CI=3.2%-37.9%]) had their treatment plan changed before
and after PET/CT, and 1 patient (1/20, 5.0% [95% CI=0.1%-
24.9%]) did not receive any change in treatment plan.

Discussion

We selected 62 patients with CUP from a total of 18 802 cases
visiting our center over the past 6years for this study and the
following findings were obtained: (1) primary tumors could be
detected by PET/CT, (2) PET/CT could be used to assist cli-
nicians in developing or changing treatment strategies, and (3)
even if the primary tumor could not be found by PET/CT, it
was helpful for the formulation (or modification) of the
patient’s treatment plan.
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Made clinical treatment strategies
24/62 38.7%

Changed clinical treatment strategies
9/62 14.5%

Not changed clinical treatment strategies
1/62 1.6%

Changes in Tumor Staging
Made clinical treatment strategies

21/62 33.9%

Changed clinical treatment strategies
4/62 6.5%

Not changed clinical treatment strategies
3/62 4.8%

Figure 2. The tumor staging of the CUP changed or did not after PET/CT examination, resulting in a change in treatment strategy.

Figure 3. Male patient, 54 years old. Pain in the chest area for more than 3months. CT examination revealed a sternal mass. Pathological biopsy
revealed high-grade sarcoma with necrosis. The clinician made the surgical plan. PET/CT examination was performed prior to surgery. The above figure
shows 3DMIP, PET, CT, and fusion of PET and CT. There was a primary sternal malignancy (thin black arrow) with multiple metastases in the left lobe of
the liver (thick black arrow). Then, the treatment was changed to chemotherapy.
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Figure 4. The Sankey chart shows the treatment strategies (left) before
and (right) after '8F-FDG-PET/CT in a patient with unknown primary
cancer. The left box indicates the pre-PET treatment plans and the right
box indicates the post-PET treatments, annotated with the respective
types of administration (such as surgery, radiotherapy, chemotherapy,
chemoradiotherapy, chemoembolization, targeted drug therapy and
immunotherapy). “Unknown” indicates that no definitive treatment plan
was formulated.

In our cohort study, the detection rate of primary lesions in
patients with CUP after PET/CT was 67.7%, which was at
the high end of the detection rate reported in the relevant
literature. According to the definition of CUP, the study
design, the clinical manifestations and indications, the detec-
tion rate of primary tumors in patients with CUP was 14.6%
to 73%.2425 However, the estimated tumor detection rate for
PET/CT was 39% for Soni et al.?6 In a 155-patient cohort
study by Bicakei,?” 18F-FDG PET/CT correctly diagnosed
the primary tumor with a 41% (true positive) detection rate.
We included a cohort of more stringent requirements which
benefited the performance of FDG PET/CT. All of our
patients were histopathologically confirmed with CUP, but in
these studies, only some of the patients were histopathologi-
cally indicated, which have resulted in the relatively low rates
of primary tumor detection on PET/CT. Most patients had
tumors in the head and neck and lung, which is consistent
with other reports in the literature;?$2?° nonetheless, the histo-
pathologic results showed that adenocarcinoma was the most
frequent tumor, followed by squamous cell carcinoma. This
result may be attributed to the following reason: head and
neck tumors include nasopharyngeal cancer, oropharyngeal
cancer, laryngeal cancer, and hypopharyngeal cancer, which
can contribute to the highest incidence of head and neck can-
cer in statistics. There were also 20 patients with no primary
tumor, most of which were histopathologically diagnosed as
metastatic lymph nodes in the neck, perhaps related to latent
nasopharyngeal carcinoma.

Cancer of unknown primary is a heterogeneous tumor,
which is difficult to diagnose and classify clinically. Most
tumors are not sensitive to systematic treatment, which results
in great difficulty in clinical treatment. For isolated nodules,
surgical excision or local radiotherapy with or without chemo-
therapy may be considered. Most patients with CUP are diag-
nosed at an advanced stage and lose the opportunity for surgical
treatment. Clinically, chemotherapy, radiotherapy, immuno-
therapy, targeted therapy, or a combination of several therapies
is used according to histopathologic classification.

Our study mainly analyzed changes in clinical treatment
strategies in CUP patients before and after PET/CT examina-
tion. We found that 72.6% (45/62) of the patients did not have
treatment plans prior to PET/CT examination, and treatment
strategies were determined following the PET/CT examina-
tion, indicating that PET/CT is a powerful method for clini-
cians to develop treatment plans in CUP patients.

To date, most of the literature has focused on the ability of
PET/CT to detect primary tumors in CUP patients. However,
our study focused more on the impact of PET/CT on clinical
treatment strategies for patients with CUP and showed a great
clinical relevance. We found that 21.0% (13/62) of the patients
changed their treatment regimen after PET/CT examination.
The reasons for the changes either involved the discovery of
primary tumor lesions or of metastatic lesions. Some patients
received changes in tumor staging, although some did not;
nonetheless, the original treatment plan was ultimately
changed. Of these patients, 9 (9/13,69.2%) received changes in
tumor staging, and in 5, the original treatment regimen was
adjusted due to the identification of the primary lesion.
However, in this study, this subset of patients had initially been
targeted for palliative management; although once the primary
lesion was identified, the physician could adjust it a more
aggressive or even more potentially curative treatment, from
which the patient could benefit. However, this study did not
evaluate whether the survival time was prolonged in the patient
cohort, which could be addressed in future direction or as a
prospective research study. Distant metastasis was identified in
3 patients; the treatment regimen was adjusted accordingly
from curative treatment to palliative treatment, saving patients
from unnecessary invasive injury.

Interestingly, not all patients with CUP who changed
tumor staging changed their treatment strategy. In our study,
54.8% of patients changed tumor staging after PET/CT and
only 14.5% changed the original treatment plan, with 38.7%
of patients changing from an uncertain treatment plan to a
more definite treatment. This was similar to the results of
previous studies.?® These differences may be attributed to
chemotherapy originally being considered for some patients
ineligible for surgery. Although the tumor staging was
changed by the discovery of new metastases after PET/CT in
some cases, the original chemotherapy treatment strategy was
not affected. We may speculate that PET/CT will be more
helpful for patients in earlier staging of treatment than for
patients in staging III/IV. Conversely, PET/CT could be
avoided over treatment of patients.

We found that in some patients with CUP, even though no
primary tumor was found, PET/CT could still change their
treatment strategies, and this was where the novelty of this study
lied. In this study, for 20 patients, the primary tumor was not
identified, but for most of these patients (16/20, 80.0%), PET/
CT resulted in a change in treatment strategy (ie, chemotherapy
or chemoradiotherapy). Following PET/CT examinations, 3
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patients (3/20, 15.0%) had their original treatment strategies
changed. In 1 patient, radiotherapy was decided prior to PET/
CT screening, but following PET/CT, only 1 lymph node on the
left-side of the neck was found to be swollen; thus, the treatment
plan was changed to surgery and the patient was changed from
palliative treatment to curative treatment. Only 1 patient (1/20,
5.0%) maintained the original treatment strategy.

Although PET/CT is increasingly used in patients with
CUP, many guidelines currently do not include PET/CT as a
routine test in the diagnosis of CUP. This may also depended
on how rigid a health care system on reimbursement of FDG
PET/CT was. However, in some Scandinavian countries, ear-
lier accounts have pointed to “unlimited access.”*® The clini-
cian can decide whether to perform PET/CT according to the
patient’s condition.*3! Our results support the inclusion of
PET/CT in the routine screening workup of patients with
CUP as an effective approach to improve treatment regimens.

There are some limitations to this study. First, although we
intentionally broadened the screening criteria, the number of
eligible cases was still not sufficiently large. Second, this study
was a retrospective study. Thus, even in cases with slight
changes in the chemotherapy regimen in some patients or
missing information from the medical history, no further col-
lection may be performed, which may have led to selection bias.

Conclusions

Positron emission tomography and computed tomography
plays an important role in the detection and staging of primary
tumors in patients with CUP. Positron emission tomography
and computed tomography can not only help clinicians develop
treatment plans for patients with CUP but also serves as an
effective approach to improve real-life treatment strategies for
these patients. In addition, for a subset of patients with CUP
whose primary tumor was not found, PET/CT could still be
helpful in their treatment strategies.
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